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FOREWORD 


•The Book of A.S.T.M. Standards, of which this is the 1944 edition, is 
normally a triennial publication, with Supplements issued in the inter- 
vening years. It contains the formally adopted A.S.T.M, Standards and 
the A.S.T.M. Tentative Standards as well The present edition, in view 
of the War Emergency, also includes Emergency Standards and Emergency 
Alternate Provisions in A.S.T.M. Standards issued under an emergency 
procedure in the interest of expediting procurement or conservation of 
materials. 

The Book is issued in three parts: 

Part I, Metals . — Ferrous and non-ferrous metals (except methods of chemical an- 
alysis), general testing methods. The methods of chemical analysis of metals' 
appear in a separate publication bearing that title. 

Part II, Nonmetallic Materials — Constructional . — Cementitious materialsj 
concrete and aggregates, masonry building units, pipe and tile, 
thermal insulating materials, reh'actories, glass, wood and wood 
preservatives, paints, varnishes and lacquers, naval stores, road ma- 
terials, soils, waterproofing and roofing materials, fire tests, general 
testing methods, thermometers. 

Part HI, Nomnetallic Materials — General . — Coal and coke, petroleum products, 
paper, electrical insulating materials, plastics, rubber, textiles, soaps and deter- 
gents, naval stores, water, general testing methods, thermometers. 

In these three parts are included the 1235 A.S.T.M. Standards and Ten- 
tative Standards in effect at the time of publication, exclusive of the 22 
A.S.T.M. Methods of Chemical Analysis of Metals which appear in a sepa- 
rate publication bearing that title. 

The annual Supplements issued to each part in the succeeding years 
will contain the newly adopted or revised Standards and new or revised 
Tentative Standards. These Supplements should be consulted for changes 
in status and for current revisions of Standards. The combined Index to 
Standards and Tentative Standards, issued annually, will also be helpful 
in this connection and in locating any desired standard. 

Standards appear in the front of each part, and comprise those specifica- 
tions and methods of test that have been formally adopted by the Society, 
requiring a letter ballot approval by the entire membership. 

Tentative Standards, appearing in the back of each part, are published 
as tentative by the Society on the recommendation of the committee con- 
cerned, as representing the latest thoughts and practices, prior to adoption as 



Emergency Standards and Emergency Alternate Provisions are intended 
for use during the National Emergency where they may be considered as 
suitable for the specific application or use desired or as a permissible ad- 
ternate for existing specifications. 

The Emergency Standards and Emergency Alternate Provisions a|ipi}’ing 
to the standards in this part of the Book of Standards appear in a separate 
section on pink colored stock in the middle of the book. For coiu'cnience, 
the Emergency Alternate Provisions may be cut out and attached to the 
standards to which they apply. 

In accordance with Society regulations, standards that have been pul)- 
lished for a period of six years or more without revision have been reviewed 
by the responsible standing committees prior to the appearance of the Book 
and have been reapproved in their present form. 


The appearance of this Book is a tribute to the sincere efforts of the 
standing committees responsible for the development and review of 
the standards, and of the many individuals sendng on the standing 
committees. (See list of committees appearing on page 1611.) The 
Society’s time-tested standardization procedure provides for adequate 
representation on technical committees of producers and consumers 
and those having a general interest in the material or subject in c|ues- 
tion. Opportunity is provided during the period of promulgation 
for full consideration by all interested parties through publication 
as tentative before adoption as standard. As developments and 
advances take place, requirements are suitably revised. 



GUIDE TO THE USE 

OF THE 

BOOK OF STANDARDS 

'^liE standards in this Book are assembled in a sequence determined by 
tire specific materials or products to which they apply. The Table of 
Contents in each part is presented in duplicate — one a list of standards in 
the order in which they appear, the other a list of the standards in numeric 
sequence of their serial designations. In addition, a separate listing (printed 
on green colored stock) is given of the tentative standards, just preceding 
that portion of the Book (see page opposite 1202). The Tentative Re- 
visions of Standards appear in a separate section beginning on page 1601. 

Emergency Standards and Emergenc}'’ Alternate Provisions a: plying to 
the standards in this book appear in the pink colored insert section begin- 
ning on page 1172. 

A subject index of the standards and tentative standards in this part 
apipears at the back of this volume (see page 1613). This index should be 
the most coiu’cnient means of locating any standard appearing in the vol- 
ume, especially if only the general subject matter covered is known. 

A separate combined Index, covering all standards and tentative stand- 
ards in Parts I, II, and III of the Book of A.S.T.M. Standards, in the 
annual Supplements thereto, and in the book of A.S.T.M. Methods of 
Chemical Analysis of Metals, is also issued annually, which should be of 
convenience to all users of the Book of Standards. The combined Index 
will be revised annually to incorporate the latest references to the standards, 
whether they appear in the Book of Standards or in the 1945 or 1946 Sup- 
plements. The combined Index will be particularly helpful after one of the 
Supplements has been issued. 

Comments or suggestions intended to improve the utility of the Book of 
Standards will be welcome. 




CONTENTS 

BOOK OF A.S.T.M. STANDARDS, PART II 
Nonmetallic Materials — Constructional 
(For standards covering other nonmetallic materials, see Part III) 


In the serial designations prefixed to the following titles, the initial letter, indicative 
of the general classification, and the first number are permanent. The number following 
the dash indicates the year of original issue as tentative or of adoption as standard or, 
in the case of revision, the year of last revision. Thus, standards adopted or revised dur- 
ing the year 1944 have as their final number, 44. Tentative standards are identified by 
the letter T. 

Emergency Standards appear in a separate section beginning on p. 1172, and are printed 
on colored stock. They are identified by the letters ES in their serial designation. A 
letter following the number indicates revisions made subsequent to the original date of 
issue, for example, a for the first revision, b for the second, etc. 

Emergency Alternate Provisions also appear in a separate section beginning on p. 1 172 
and are identified by the letters EA followed by the permanent designation of the standard 
to which they apply. 

In the following listing, the standards are grouped according to materials to which 
they apply. Listings of Tentative Standards appear in italics. 


For Contents in Numeric Sequence, see p. xrvi. 

For a list of Emergency Standards and Emergency Alternate 
Provisions, see p. 1172. 

The Tentative Standards are listed separately in the green insert opposite p. 1202. 
Tentative Revisions of Standards are listed on p. 1601. 

A complete subject index appears on p. 1613. 


CEMENTITIOUS MATERIALS 
Cement 


Spedficaiions for: page 

C 150-41. Portland Cement 1 

EA - C 150. {Portland Cement) Discontinued. 

C 175- 4-i T. Air-Entraining Portland Cement for Concrete Pavements {Ten- 
tative) 1203 

C 10-37. Natural Cement 5 

C 91-40. Masonry Cement 7 

C 91-44 T. Masonry Cement {Tentative)^. .’ 1206 

Methods of: 

C 114-44, Chemical Analysis of Portland Cement _ 14 

C 114-44 T. Chemical Analysis of Portland Cement {Tentative)^ 1214 


1 This is in effect a tentative revision of, and, when adopted, is to replace Standard Specifications C 91-40. 
This is in effect a tentative revision of, and, wlien adopted, is to be added to Standard Methods C lU - 44. 

vii 
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viii 


Methods of: 
C77. 


C 183-44. 

C 151-43. 

C 115-42. 

C 184- 44. 

C 187-44. 

C 189 - 44. 

C 188 - 44. 

C 191 - 44. 

C 190 - 44. 

C 109 - 44. 

C 185-44 T. 
cm -44 T. 
C 85-42. 


PAGE 


(Sampling and Physical Testing of Portland Cement) Dkmn- 
tinued, Replaced by Methods C 183, C 184, C 187 , C 188, C 189, 

C 190, and C 191. 

Sampling Hydraulic Cement 42 

Autoclave Expansion of Portland Cement, Test for 44 

Fineness of Portland Cement by the Turbidimeter, Test for . . 47 

Fineness of Hydraulic Cement by the No. 200 Sieve, 'Post for , . .55 

Normal Consistency of Hydraulic Cement, Test for . . . , . . .58 

Soundness of Hydraulic Cement over Boiling Water (I’at lest 

Test for 01 

Specific Gravity of Hydraulic Cement, Test for 64 

Time of Setting of Hydraulic Cement by the Vicat or Gillmore 

Needles, Tests for 66 

Tensile Strength of Hydraulic-Cement Mortars, Test for, ..... 70 

Compressive Strength of Hydraulic-Cement .Monar.s, Test fsn”. , 76 

Air Content of Portland-Cement Mortar, Test for {Tentatkh . . . 1227 

Beat of Hydration of Portland Cement, Test for {Tcntatk'c} .... 1231 
Cement Content of Hardened Portland-Cement Compete, Test 
for 464 


Lime 

Specifications for: 


C 5-26. Quicklime for Structural Purposes 83 

C 6-44. Normal Finishing Hydrated Lime 85 

C 141 - 42. Hydraulic Hydrated Lime for Structural Purposes 87 

C 45-25. Quicklime and Hydrated Lime for Cooking of Rags in Pai>er 

Manufacture 92 

C 46-27. Quicklime for Sulfite Pulp Rianufacture 94 

C 47-27. Hydrated Lime for Varnish Manufacture 96 

C 48-24. Quicklime and Hydrated Lime for Use in the Textile Industry . . 98 

C 49 - 42. Quicklime and tlydrated Lime for Silica Brick Manufacture , . , KM) 

C 53-39. Quicklime and H 3 'dratcd Lime for Water Treatment 101 

C 35 - 39. Sand for Use in Plaster 103 


Methods of: 


C 50-27. Sampling, Inspection, Packing, and Marking of Quicklime and 

Lime Products 105 

C 25-44. Chemical Analysis of Limestone, Quicklime, and Hr’draterl 

Lime ' 109 

C 110- 38 T. Physical T esting of Quicklime and Hydrated Lime {Tentative) . . 1238 
fC 19-41. Fire Tests of Building Construction and Materials 2.41 

Definitions of: 

C 51-44. Lime, Terms Relating to 121 

C 51-44 T. Lime, Terms Relating to {Tentative)^ 1243 


Sped fications for: 


Gypsum 


-C 22-41. 
• C 28-40. 
-C 59-40. 
-C 60 - 40. 
•C 61-40. 
nC 72-40. 
C 35-39. 


Gypsum 

Gypsum Plasters 

Gypsum Molding Plaster 

Gypsum Pottery Plaster 

Keene’s Cement 

Gypsum, Calcined, for Dental Plasters. 
Sand for Use in Plaster 


122 

124 

127 

129 

131 

133 

103 


t Approved, as American Standard by the American Standards Association. 

t A tentative revision of this standard appears in the Tentative Revisions of .Standimis section at the 
back of this hook, see p. 1601 . 

» This is in efieet a tentative revision of, and, when adopted, is to be added to .Standard Dcfini- 
Lions C Si ~ 44. 


For Contents in Numeric Sequence, see p. xxvi. 
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IX 


Specifications for: 

tC 36-42. 
fC 37-42. 
fC 79-42. 
fC 52-41. 


Gypsum Wall Board 

Gypsum Lath 

Gypsum Sheathing Board 

Gypsum Partition Tile or Block , 


Methods of: 

tJC 26-42. Testing G3T5sum and Gypsum Products 

fC 19-41. Fire Tests of Building Construction and Materials. 


Definitions of: 

C 11-41. ^^ Gypsum, Terras Relating to 

C 11-41 T. Gypsum, Terms Relating to {TentativeY 


MASONRY BUILDING UNITS, STONE, AND SLATE 
Brick 


Specifications far: 

fC 55-37. 

C 62 - 44. 
tC 73-39. 

C 126 - 44 T. 
C 7 - 42. 

C 32-42. 


Building Brick, Concrete 

Building Brick (Made from Clay or Shale) 

Building Brick, Sand-Lime 

Masonry Units, Glazed (Tentative) 

Paving Brick 

Sewer Brick (Made from Clay or Shale) . . 


Methods of: 

fC 67 - 4^1. Sampling and Testing Brick 


PAGE 


135 

137 

139 

141 


144 

234 


158 

1244 


160 

162 

167 

1245 

169 

176 


Structural Tile and Filter Block 

Sped fications for: 


tC .34-41. Clay Load-Bearing Wall Tile, Structural 187 

fC 56-41. Clay Non-Load-Bearing Tile, Structural 190 

fC 57-39. Clay Floor Tile, Structural 193 

C 126-44 T. Masonry Units, Glazed (Tentative) 1245 

C 52-41. Gypsum Partition Tile or Block 141 

C 159-41 T. Filter Block, Vitrified Clay, for Trickling Filters (Tentative) .. . 1250 

Methods of: 

fC 112 - 36. Sampling and Testing Structural Clay Tile 196 


Definitions of: 


C 43 - 36. Structural Clay Tile, Terms Relating to 200 

Concrete Masonry Units 

Specifications for: 

fC 90 - 44. Concrete Masonry Units, Hollow Load-Bearing 202 

fC 129-39. Concrete Masonry Units, Hollow Non-Load-Bearing 204 

fC 145 -*10. Concrete Masonry Units, Solid Load-Bearing 206 

fC 139 - 39, Concrete Masonry Units for Construction of Catch Basins and 

Manholes 208 

fC 55-37. Concrete Building Brick 160 


Methods of: 

fC 140 - 39. Sampling and Testing Concrete Masonry Units 


210 


t Approved as American Standard fay the .American Standards Association, 
i A “tentative revision” of this standard appears in the Tentative Revisions of Standards section at the 
back of this book, see p. 1601 . 

^TJuk is in effect a tentative revision of, and, when adopted, is to be added to Standard Defim- 
tionsCJl-ll. 
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Building Stone and Slate 


Methods of: 

C 97-36. 

C 99-36. 

C 100-36. 

C 102 -36. 

C 170-41 T. 

C 120-31. 

C 121 -31. 

D 273 - 40. 


Natural Building Stone, Absorption and Apparent Speeiiit; 

Gravity of, Tests for - - - 

Natural Building Stone, Flexure Testing of (Detenninatiur. oi 

Modulus of Rupture) ; 

Natural Building Stone, Modulus of Elasticity ox, J C!?t lor . . . 

Natural Building Stone, Shear Testing of — ■ - 

Natural Building Stone, Compressive Strength of, Test for il'en- 

taiive) 

Slate, Flexure Testing of (Modulus of Rupture, Modulus of 

F-lasticity) 

Slate, Water Absorption of, Test for 

Slate, Electrical, Tests for Conducting Paths in (.see Part IIT, 
p. 492). 


215 

217 

221 

12.5.3 

22o 

229 


Definition of: 

C 119-27. Slate, Term 

MORTAR FOR UNIT MASONRY 

Specifications for: 


C 144 - 44. Aggregate for Masonry Mortar 232 

C 161-44 T. Mortar for Reinforced Brick Masonry {Tentative) 1256 


FIRE TESTS 

Specifications for: 

C 132. {Fire-Retardant Properties of Wood for Scaffolding and Shoring) 

Discontinued. 

D 626 - 41 T. Fire-Retardant Properties of Treated Textile Fabrics (Tentative) 
{see Part HI). 


Methods of: 
tC 19-41. 
fC 152 - 41. 

C 160-41 T. 
D 568 - 43. 

D 635 -44. 


Fire Tests of Building Construction and Materials 

Fire Tests of Door Assemblies 

Fire-Retardant Properties of Wood, Test for {Tentative) 

Flammability of Plastics 0.050 in. and Under in Thickness, 
Test for (see Part III, p. 524). 

Flammability of Plastics Over 0.050 in. in Thickness, Test for 
(see Part III, p. 527). 


234 

241 

12.59 


THERMAL INSULATING MATERIALS 

Specifications for: 


C 193 - 44 T. 85 per cent Magnesia Thermal Insulating Cement {Tentulivrfi. . 1261 

C 194-44 T. Asbestos Thermal hmdating Cement {fenlalive)^ 1206 

C 195-44 T. Mineral Wool Thermal hmdating^ Cement {Tentathr.fi 1268 

C 196-44 T. Expanded or Exfoliated Vermicidik Thermal Insulating Cement 

{Tentative)^ 1271 

C 197-44 T. Diatoniaceous Silica Thermal I nsidaiing Cement ('TentalivefT . 3274 
ES-14. Blanket Thermal Insulation for Building Purposes (Emergaicv 

Specifications) ) 1173 

ES- 15. Blanket Thermal Instdaiion for Industrial Purposes {Emergency 

Specifications) ) 1175 


t Approved as American Standard by the American Standards .Association. 

I These specifications were formerly published as Emergency Specifications ES - 8. 

, specifications were formerly published as Emergency Specifications ES -- 9. 

7 These specifications were formerly published as Emergency Specifications ES - 11). 

„ these specifications were formerly published as Emergency Specifications ES - 11 . 

/ these specifications represent a consolidation of the former Emergency Specifications ES-12 and 
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Specifwalims far: 
ES-I6. 

ES~ 17. 

ES~1S. 

ES~ 19. 

M ethods of: 

C 163 -44. 

C 164 - 44. 
cm- 41 T. 

C 165-41 T. 
C 167 - 44. 

C 177 -42 T. 

Definitions of: 

C 168 -44. 

Sped fimtions for: 

C 64-41. 

C 153-41. 

C 106-41. 

C 63-41. 

C 176-44. 
cm -44 T. 

tC 105-41. 

C 49 - 42. 

Classifications of: 
C 27-41. 

C 155-41 T. 

M ethods of: 

C 18-41. 
tC 24 - 42. 

tC 38-42. 
tC 107 - 42. 
tC 122-42. 

C 180 - 43 T. 
C 113-36. 

C 179-43 T. 


t A “tentative revi 
back of this book, see 


PAGE 

Blanket Thermal Insulation for Refrigeration Purposes {Emer- 
gency Specifications) , 1177 

Pipe Co-icring, Preformed, Thermal Insulation {Emergency 

S pecificalions) 1179 

Block, Preformed, Thermal Insulation {Emergency Specifications). 1182 
Board, Structural Insulating {Thermal Instdation) {Emergency 
Specifications) 1185 


Sampling and Mixing Thermal Insulating Cement 246 

Bulk Density of Thermal Insulating Cement, Test for 248 

Covering Capacity and Volume Change Upon Drying of Thermal 

Insulating Cement, Tests for {Tentative) 1276 

Compressive Strength and Flexural Strength of Preformed Block 
Type Thermal Instating Materials, Tests for {Tentative) .... 1279 
Thickness and Density of Blanket Type Thermal Insulating 

Materials, Tests for 250 

Thermal Conductivity of Materials by Means of the Guarded Hot 
Plate, Test for {Tentative) 1282 


Thermal Insulating Materials, Terms Relating to 252 

REFRACTORIES, FIRE BRICK 


Refractories for Heavy Duty Stationary Boiler Service 253 

Refractories for Moderate Duty Stationary Boiler Service 257 

Refractories for Incinerators 259 

Refractories for Malleable Iron Furnaces with Removable 

Bungs and for Annealing Ovens 262 

Fireclay Plastic Refractories for Boiler and Incinerator Services . 265 

Air-Setting Refractory Mortars {Wet Type) for Boiler and 

Incinerator Services {Tentative) 1291 

Ground Fire Clay as a Mortar for Laying-Up Fireclay Brick. . 267 

Quicklime and Hydrated Lime for Silica Brick Manufacture, . 100 


Fireclay Refractories 269 

Insulating Back-Up Block and Insulating Fire Brick {Ten- 
tative) 1294 


Chemical Analysis of Refractory Materials 271 

Pyrometric Cone Equivalent (P.C.E.) of Refractory Materials, 

Test for 294 

Panel Test for Resistance to Thermal and Structural Spalling 

of Refractory Brick 297 

.Panel Test for Resistance to Thermal and Structural Spalling 

of High Heat Duty Fireclay Brick 304 

Panel Test for Resistance to Thermal and Structural Spalling 

of Super Duty Fireclay Brick 306 

Panel Test for Resistance to Thermal and Structural Spalling of 

Fireclay Plastic Refractories ( T entaiive) 1295 

Permanent Linear Change After Reheating of Refractory Brick, 

Test for 308 

Drying and Firing Shrinkage, Combined, of Fireclay Plastic 
Refractories, Test for {Tentative) 1297 

ision” of this standard appears in the Tentative Revisions of Standards section at the 
e p. IfiDl. 
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Methods of: 

C 16-41. 
C 93-42. 

C 133 -39. 

C 134-41. 
C 154-41. 
C 20-41. 


C 135-40. 

C 181-43 T. 

C 182-43 T. 

C 92-43 T. 


Definitions of: 

tC 71-42. 

C 108 - 44 T. 


Specifications for: 
D 730 - 43 T. 

ES-4L 


Methods of: 

C 146 - 43. 

C 169 -43. 

C 147-43. 

C 148 - 43. 

C 149 - 43. 

C 158-43. 

D 468 -42. 

D 550 -44. 

D 578 -44 T. 
D 579 -44. 

D 580 -44. 

D 581 -44. 


Definition of: 

C 162-41 T. 


FAGi: 


Load Testing of Fireclay Refractories at High 'IVmjiera! ure.-. . 31(j 

Insulating Fire Brick (Compressive Strength, Fle.^ura! Strength, 
and Permanent Linear Change After Heating), Tiling of . . 315 

Cold Crushing Strength and Modulus of Rupture of Reu'iu'lory 

Brick and Shapes, Tests for 319 

Size and Bulk Density of Refractory Brick, Tests for 322 

Warpage of Refractory Brick and Tile, Test for 324 

Apparent Porosity, Water Absorption, Apparent Specific 
Gravity, and Bulk Density of Burned Refractory Pruducls, 

Tests for ■ • 325 

True Specific Gravity of Burned Refractory Materials, I’est for .vhH 
Workability Index of Fireclay Plastic Refractories, Test for 

{Tentative) ; ' ■ ^ 

Thermal Conductivity of Ittsulating Fire Brick, Test for {Ten- 
tative) 1301 

Sieve Analysis and Water Content of Refractory MaUriah, 

Tests for {T entative) 1 309 

Refractories, Terms Relating to 33(1 

Heat Transmission, Symbols for {'Tentative) 1312 


GLASS AND GLASS PRODUCTS 


Pin-Type Lime-Glass Insulators, Low and Medium- Voltage 
{Tentative) {see Part III, p. 1453). 

Communication and Signal Pin-'Type Lime-Glass Insulators 
{Emergency Specifications) {see Part III, p. 1104), 


Chemical Analysis of Glass Sand 332 

Chemical Analysis of Soda-Lime Glass 338 

Hydrostatic Pressure Test on Glass Containers 358 

Polariscopic Examination of Glass Containers 362 

Thermal Shock Test on Glass Containers 365 

Flexure Testing of Glass (Determination of Modulus of Rup- 
ture) 368 


Pin-Type Lime-Glass Insulators, Testing of (see Part III, 
p. 446). 

Glass Spool Insulators, Testing of (see Part III, p. 451). 

Glass Yarn, Tests and Tolerances for {Tentative) {see Pari 111). 

Glass Fabrics, Woven, Tests and Tolerances for (see Part lit, 

p. 816). 

Glass Tapes, Woven, Tests and Tolerances for (see Part HI, 
p. 819). 

Glass Tubular Sleeving and Braids, Woven, Tests and Tol- 
erances for (see Part III, p. 822). 

Glass, Term {Tentative) 1315 


PIPE AND DRAIN TILE 

Specifications for: 


fC 4-24. Drain Tile 371 

C 13-44 T. Clay Sewer Pipe, Standard Strength {Tentative) 1316 

C 200 - 44 T. Clay Pipe, Extra Strength {Tentative) 1324 

C 14-41. Concrete Sewer Pipe 386 


1 , ? revision” of this standard appears in the Tentative Revisions of Standards section at the 

back of this book, see p. 1601. 

t Approved as American Standard by the American Standards Association. 
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SpedficMlms for: 


C 75-41. Reinforced Concrete Sewer Pipe 394 

C 76-41, Reinforced Concrete Culvert Pipe 404 

CHS - 39. Concrete Irrigation Pipe 415 

Recommended Practice for: 

C 12 - 19. Laying Sewer Pipe ; 421 


CONCRETE AND CONCRETE AGGREGATES 
Aggregates 

S peci fications for: 


C 33-44. Concrete Aggregates 423 

C 130-42. Lightweight Aggregates for Concrete 428 

C 144 - 44. ^ Aggregate for Masonry Mortar 232 

D44S-4Z T. Standard Sizes of Coarse Aggregate for Highway Construction 

{Tentative) 1355 

fE 11-39. Sieves for Testing Purposes 1146 

M etkods of: 

fC 131-44. Abrasion of Coarse Aggregate by Use of the Los Angeles Ma- 
chine, Test for 431 

D 2-33. Abrasion of Rock by Use of the Deval Machine, Test for 513 

C 142 - 39. Clay Lumps in Aggregates, Test for 434 

C 123-44. Coal and Lignite in Sand, Test for 436 

C 40-33. Organic Impurities in Sands for Concrete, Test for 438 

fC 117- 37. Amount of Material Finer than No. 200 Sieve in Aggregates, 

Test for 439 

fC 136-39. Sieve Analysis of Fine and Coarse Aggregates, Test for 441 

C SS ~44 T. Soundness of Aggregates by Use of Sodium Stdfale or Magnesium 

Sulfate, Test for {Tentative) 1332 

C 137. {Test for Soundness of Aggregates by Freezing and Thawing] 

Discontinued. 

fC 127 - 42. Specific Gravity and Absorption of Coarse Aggregate, Test for . 443 

fC 128 - 42. Specific Gravity and Absorption of Fine Aggregate, Test for . . . 445 

C 87-44. Structural Strength of Fine Aggregate Using Constant Water- 

Cement-Ratio Mortar, Test for 447 

C 70-44 T. Surface Moisture in Fine Aggregate, Test for {Tentative) 1337 

C 29-42. Unit Weight of Aggregate, Test for 449 

fC 30-37. Voids in Aggregate for Concrete, Test for 451 

Definitions of: 

C 58 - 28. Sand, Term 452 

C 58 -2S T. Aggregate, Term {TentativeY^ 1339 

C 125 - 44. Concrete and Concrete Aggregates, Terms Relating to 490 

E 12-27. Specific Gravity, Terms Relating to 1167 

E 13-42. Screen (Sieve), Term 1169 

Concrete 

Specifications for: 

C 94 - 44. Ready-Mixed Concrete 453 

fC 55-37. Concrete Building Brick 160 

tD 57-20. Cement Grout Filler for Brick and Stone Block Pavements, 

Materials for 503 

D 58 - 37. Sand-Cement Bed for Brick and Block Pavements, Materials 

for 505 

fC 90-44. Masonry Units, Concrete, Hollow Load-Bearing.... 202 

fC 129-39. Masonry Units, Concrete, Hollow Non-Load-Bearing 204 

tC 145-40. Masonry Units, Concrete, Solid Load-Bearing 206 


t Approved as American Standard by the American Standards Association. 

'o This is in effect a tentative revision of, and, when adopted, is to be added to Standard 
Definitions C 58 - 28. 
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Methods of; 

C 42 - 44. Specimens from Hardened Concrete, Securing, Preparing, and 

Testing for Compressive and Flexural Strengths 460 

fC 140- 39. Concrete Masonry Units, Sampling ami Testing of 210 


C 173-42 T. Air Content {yohtmetric) of Freshly Mixed Conerde, Test fur 

{Tentative) 1341) 

C 85-42. Cement Content of Hardened Portlaml-Cement Concrete, 

Test for 464 

C 31-44. Making and Curing Concrete Compre.ssion and Flexure Test 

Specimens in the Field 466 

C 192-44 T. Making and Curing Concrete Compression and Flexure Test 

Specimens in the Laboratory {Tentative) 1.444 

C 39-44. Compressive Strength of Molded Concrete Cylinders, 'lest for . 47U 

C 116-44. Compressive Strength of Concrete Using Portions of Beams 

Broken in Flexure (Modified Cube Method), Test for 472 

C 124- 39. Flow of Portland-Cement Concrete by Use of the Flow Taijle, 

Test for 474 

C 143 -39. Consistency of Portland-Cement Concrete, Slump Tc.st lor. . 476 

C 174 - 44. Measuring Length of Drilled Concrete Cores 47.S 

C 78-44. Flexural Strength of Concrete (Using Simple Beam witii Third- 

Point Loading), Test for ! 4.sn 

C 157-43. Volume Change of Cement Mortar and Concrete, Test fisr. . . . IS,! 

C 138-44. Weight per Cubic Foot, Yield, and Air Content ftiravinu-lricj 

of Concrete, Test for 487 

fC 19-41. Fire Tests of Building Construction and Material? 2 .vi 

Definitions of: 

C 125-44. Concrete and Concrete Aggregates, Terms Relating to 490 

Curing Concrete 

Specifications for: 

cm -36. Sodium Silicate for Curing Concrete 491 

C 17 1-42 T. Waterproof Paper for Curing Concrete {Tentative) 1349 

D 98-34. Calcium Chloride 511 

D 632-43. Sodium Chloride 512 

Methods of: 

C 156-44 T. Water Retention Efficiency of Methods for Curing Concrete, Test 

for { T entative) 1351 

JD 345 - 34. Chemical Analysis of Calcium Chloride 522 


ROAD AND PAVING MATERIALS 
(See also Soils) 

Nonbituminous Road Materials 

Specifications for: 

D448 - 42 T. Coarse Aggregate Jor Highway Construction, Standard Sizes 

{Tentative) I 355 

t Approved, as American Standard by the American Standards Association, 
u f revision" of this standard appears in the Tentative Revisions of Standards section at the 

back of this book, see p. 1601 . 
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Specifwaiions for: page 

C 33-44. Concrete Aggregates, 423 

D 556 ~ 40 T. Maierials for Stabilized Base Course {Tentative 1357 

I) 557 - 40 T. Materials for Stabilized Surface Cotme (Tentative) 1359 

D 692 ~ 42 T. Crushed Stone, Crushed Slag, and Gravel for Bituminous Concrete 

Base and Surface Courses of Pavements ( Tentative) 1361 

D 693 “44. Crushed Stone and Crushed Slag for Bituminous Macadam 

Base and Surface Courses of Pavements... 492 

D 694 -44. Crushed Stone, Crushed Slag, and Gravel for Water-Bound 

Macadam Base and Surface Courses of Pavements 495 

D 59 - 39. Granite Block for Pavements 497 

D 131-39. Granite Block, Recut, for Pavements 499 

D 132-39. Granite Block for Durax Pavements 501 

D 52-20. Wooden Paving Blocks for Exposed Pavements 708 

C 7-42. Paving Brick 169 

fD 57-20. Cement Grout Filler for Brick and Stone Block Pavements, 

Materials for 503 

D 58 - 37. Sand-Cement Bed for Brick and Block Pavements, Materials 

for 505 

D 242 - 39. Mineral Filler for Sheet Asphalt and Bituminous Concrete 

Pavements 507 

D 162 - 29. Sand for Sheet Asphalt and Bituminous Concrete Pavements . . 508 

JD 544 - 41. Expansion Joint Fillers, Preformed, for Concrete (Nonextruding 

and Resilient Types) 509 

D 98-34. Calcium Chloride 511 

D 632 -43. Sodium Chloride 512 

C 111 -36. Sodium Silicate for Curing Concrete 491 

C 94 - 44. Concrete, Ready-Mixed 453 

C 175-44 T. Air-Entraining Portland Cement for Concrete Pavements (Ten- 
tative) 1203 

C 171-42 T. Waterproof Paper for Curing Concrete (Tentative) 1349 

fE 11-39. Sieves for Testing Purposes 1146 

Methods of: 

D 75-42 T, Sampling Stone, Slag, Gravel, Saird, and Stone Block for Use as 

Highway Materials (Tentative) 1364 

C 172 - 44. Sampling Fresh Concrete 463 

C 42- 44. Specimens from Hardened Concrete, Securing, Preparing, and 

Testing for Compressive and Flexural Strengths 460 

D 2-33. Abrasion of Rock by Use of the Deval Machine, Test for 513 

fD 3-18. Toughness of Rock, Test for 514 

D 289 - 42 T. Abrasion of Gravel by Use of the Deval Machine, Test for (Ten- 
tative) 1369 

fC 131 - 44. Abrasion of Coarse Aggx’egate by Use of the Los Angeles Ma- 
chine, Test for 431 

C 142 - 39. Clay Lmnps in Aggregates, Test for 434 

C 123 - 44. Coal and Lignite in Sand, Test for 436 

fD 546 - 41. Sieve Analysis of Mineral Filler, Test for 516 

fC 117-37. Amount of Material Finer than No. 200 Sieve in Aggregates, 

Test for 439 

fC 136 - 39. Sieve Analysis of Fine and Coarse Ag^egates, Test for 441 

C 88 - 44 1'. Soundness of Aggregates by Use of Sodium Sulfate or Magnesium 

Sulfate, Test for (Tentative) 1332 

fC 127 - 42. Specific Gravity and Absorption of Coarse Aggregate, Test for . . 443 

fC 128-42. Specific Gravity and Absorption of Fine Aggregate, Test for. . 445 

C 29- 42. Unit Weight of Aggregate, Test for 449 

tC 30-37. Voids in Aggregate for Concrete, Test for 451 

C 173 - 42 T. Air Content (Volumetric) of Freshly Mixed Concrete, Test for 

(Tentative) 1340 


t Approved as American Standard by the American Standards Association, 
i A ‘‘tentative revision” of this standard appears in the Tentative Revisions of Standards section at the 
back of this book, see p. 1601. 
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Contents 


xvi 


Methods of: 

C 174 - 44. Concrete Cores, Drilled, Measuring Length of 478 

C 78-44. Flexural Strength of Concrete (Using Simple Beam with 

Third-Point Loading), Test for ■ 4Sf) 

C 124- 39. Flow of Portland-Cement Concrete by Use of the Flow Taljie, 

Test for 474 

C 143 - 39. Slump Test for Consistency of Portland-Cement Concrete 476 

C 85-42. Cement Content of Hardened Portland-Cement Concrete, 

Test for ; ■ 464 

Q 31 - 44 , Making and Curing Concrete Compression and Flexure Test 

Specimens in the Field 466 

C 39-44. Compressi ve Strength of Molded Concrete Cylinders, Test for. . 470 

C 116-44. Compressive Strength of Concrete Using Portions of Beams 

Broken in Flexure (Modified Cube Method), Test for 472 

C 157 - 43. Volume Change of Cement Mortar and Concrete, Test for . . . . 4S3 
C 138 -44. Method of Test for Weight Per Cubic Foot, Yield, and Air 

Content (Gravimetric) of Concrete 487 

545- 41. Preformed Expansion Joint Fillers for Concrete (Nonextruding 

and Resilient Types), Testing of 518 

JD 345-34. Chemical Analysis of Calcium Chloride 522 

C 156 - 44 T. Water Retention Efficiency of Methods for Curing Concrete, Test 

for {Tentative) 1351 

Definitions of: 

D 8-33. Materials for Roads and Pavements, Terms Relating to 611 

C 58-28. Sand, Term 452 

C 125 -44. Concrete and Concrete Aggregates, Terms Relating to 490 

C 58-28 T. Aggregate, Term {Tentative)^'^ 1339 

E 12-27. Specific Gravity, Terms Relating to 1167 

E 13-42. Screen (Sieve), Term 1169 

Bituminous Road Materials 

Specifications for: 

D 631 - 43. Emulsified Asphalt, Slow-Setting (for Fine Aggregate Mixe.s) . . 526 

D 397 - 39. , Emulsified Asphalt, Medium-Setting (for Coarse Aggregate 

Plant Mixes) 528 

D 398 -39. Emulsified Asphalt, Medium-Setting (for Retread and Coarse 

Aggregate Mixes) 530 

D 399-39. Emulsified Asphalt, Medium-Setting (Heavy Prcmi.x — Summer 

Grade) 532 

D 401 - 40. Emulsified Asphalt, Quick-Setting (for Penetration and Surface 

Treatment) 534 

D 597 -40 T. Cut-Back Asphalt {Rapid Curing Type) {Tentative) ...... 1372 

D 598 -40 T. Cut-Back Asphalt {Medium Curing Type) {Tentative) 1374 

D 490 - 43 T. Tar {Tentative) 1376 

D 241-43. Asphalt Filler for Brick Pavements 536 

D 112- 30. Coal-Tar Pitch for Stone Block Filler 538 

D 5 1 7 - 40. Asphalt Plank 539 

Methods of: 

D 140 - 41 T. Sampling Bituminous Materials ( Tentative) 1379 

tD 4-42, Bitumen, Determination of 543 

JD 165 - 42. Bitumen Soluble in Carbon Tetrachloride, Test for Proportion 

of;.... 546 

■fD 20 - 30. Distillation of Tar Products Suitable for Road Treatment, 

Test for 548 

D 402 -36, Distillation of Cut-Back Asphaltic Products, Test for 552 

tD113-44. Ductility of Bituminous Materials, Test for 556 

D 244 - 42. Emulsified Asphalts, Testing of 559 


t A “tentative revision” of this standard appears in the Tentative Revisions of Standards section at the 
back of this book, see p. 1601. 

t Approved as American Standard by the American Standards Association. 
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fD 243 - .36. 

•ji) .36- 26. 

E 2S-42 T. 

D 61-38. 

I> 71-27. 

j> 76 -.27. 

fD 8H-44. 
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tD 2C!6 - 36. 

' ]■) 63.3 - .14. 
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I) 290 -.36. 
DefinUions of; 

D 8 - 33. 

17 12 27. 

Mdkods M: 
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i)421- 36. 
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'D.123 -.36. 

D 42 1 - 36. 
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Float Test for Bituminous Materials S70 

Los.s OH Heating of Oil and Asphaltic Compounds, Test for 

UcHtathe) _ 1383 

uol Extraction of Asphaltic Materials and Recovery of Bitumen 

oy the Modified Abson Procedure, Test for {Tentative) 1386 

Penetration of Bituminous Materials, Test for 573 

Residue of Specified Penetration, Test for 575 

Softening Point of Bituminous Materials (Ring-and-Ball 

^ Metjind), Test for 578 

Softening Point {Ball and Shouldered Ring Apparatus), Test 

for (fTentathe) 1580 

Soitening Point of Tar Products (Cube-in-Water Method), 

lest for 581 

Sijec ific tiravity of Asphalts and Tar Pitches Sufficiently Solid 

to he Handled in Fragments, Test for 584 

Specific Gravity of Road Oils, Road Tars, Asphalt Cements, 

.'uvl Soft I’ar Pitches, Test for 586 

incr-Ciity Ijy Means of the Saybolt Viscosimeter, Test for 588 

Vis(:od(,y, Conversion of Kinematic to Saybolt Furol 593 

Calculating Viscosity Index (see Part III, p. 273). 

X criume Correction Table, Abridged, for Petroleum Oils 594 

Volun.c Correction Table for Tar and Coal-Tar Pitch 666 

Water in. Petroleum Products and Other Bituminous Materials, 

Test for 599 

■ticefor: 

bituminous Paving Plant Inspection 603 

.Materials for Roads and Pavements, Terms Relating to 611 

Specific Gravity, Terms Relating to 1167 

SOILS 

S:iei‘vin‘i and Sampling Soils for Eiglmay Subgrades {Ten- 

tatilc) ' 1390 

PreiKiriiig Soil Samples for Mechanical Anab'-sis and Determina- 
tion of Suhgrade Soil Constants 614 

.MccituniLal .\nalysis of Soils 616 

l.i.'jUid Limit »f Soils, Test for 626 

i'i.i'-tii Limit and I'lasticity Index of Soils, Test for 629 

Ce!U!il'u::e Moisture Equivalent of Soils, Test for 631 

Fi{4d .Moisture Equivalent of Soils, Test for 634 

Siirinlcagi' Factors of Soils, Test for 636 

M’lidure- Density Relations of Sails, Test for {Tentative) 1399 

Si li! i 'enit, i\t Mixtures, Moisture-Density Relations of, Test for . 640 

Soil-Cement Mixtures, Compacted, Wetting-and-Drying Test. 643 
Soii-( 'emeul M ixtures, Compacted, Freezing-and-Thawing Test . 647 

Soil Cement Mixtures, Cement Content of. Test for {Tentative). . 1402 


Specif: 

DiP^- L 


IZ T. Soil Mechanics, Terms and Symbols Relating to {Tentative) . . 
WATERPROOFING AND ROOFING MATERIALS 
Asphalt, Pitch, and Primers 

: for: 

12 - 44. .\spha!t for Use in Constructing Built-Up Roof Coverings. 


+ -Anaru. 
l.a<-k of tin 


Asphalt far Damp proofing and Waterproofing {Tentative) 1413 

i ;i.. \ineriean .Standard bv tiie jtnierican Standards Association. 

-vi eusi" o: thi>? stairiard appears in the Tentative Revisions of Standards section at the 
i.n.ikrm- p. !h-M. 
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Specifications J or: ^’age 

D 4S0 - 41. Coal-Tar Pitch for Roofing, Dampproofing, and Waterproofing . 654 

D 654-42 T. Coal-Tar Pitch for Steep Built-Up Roofs {Tentative) 1416 

D 41-41. Primer for Use with Asphalt in Dampproofmg and Water- 


D 43-41. Creosote for Priming Coat with Coal-Tar Pitch in Dampproofmg 

and Waterproofing 659 

Methods of: 

D J 14 Q- 4 J T. Sampling Bituminous Materials {Tentative) 1379 

D 255 -28. Distillation, Steam, of Bituminous Protective Coatings, Test 


D 244 - 42. Emulsified Asphalts, Testing of 559 

D 466 - 42. Films Deposited from Bituminous Emulsions, Testing of 664 

tD 206-36. Volume Correction Table, Abridged, for Petroleum Oils 594 

D 633 - 44. Volume Correction Table for Tar and Coal-Tar Pitch 666 


Bituminous Grouts, Mastics, and Saturated Materials 
Specifications for: 


D 491 -41. Asphalt Mastic for Use in Waterproofing (Asphalt Censent, 

Mineral Filler, Mineral Aggregate) 670 

D 170-41. Bituminous Grout for Use in Waterproofing Above Ground 

Level 672 

D 171 - 41. Bituminous Grout for Use in Waterproofing Below Ground 

Level 674 

D 250 - 44 T. Asphalt-Saturated Asbestos Fells for Use in Waterproofing and in 

Constructing Built-Up Roofs {Tentative) 1418 

D 655 - 44 T. Asphalt-Saturated and Coated Asbestos Felts for Use in Con- 
structing Built- Up Roofs {Tentative) 14-20 

D 226 - 44. Asphalt-Saturated Roofing Felt for Use in Waterproofing an.d in 

Constructing Built-Up Roofs 676 

D 227 - 44. Coal-Tar Saturated Roofing Felt for Use in Waterproniing ainl in 

Constructing Built-Up Roofs 679 

D 173 - 44. Fabrics, Woven Cotton, Saturated with Bituminous Sul;.slanrfs 

for Use in Waterproofing 682 

D 371 -44. Wide Selvage Asphalt Roofing Surfaced with Coarse Mineral 

Granules 68S 

*D249 - 44 T. Asphalt Roofing Surfaced with Coarse Mineral Granules {Ten- 
tative) 1423 

*D224 - 44 T. Asphalt Roofing Surfaced with Powdered Talc or Mica {Ten- 
tative) 1427 

D 225 - 44 T. Asphalt Shingles Surfaced with Coarse Mineral Granules ( I'en- 

tative) 14.10 

D 699 - 44. Asphalt Siding Surfaced with Coarse Mineral Granules 688 

Methods of: 

*D 147 - 41. Bituminous Mastics, Grouts, and Like Mixtures, Testing of .... 691 
D 313-41. Coarse Particles in Mixtures of Asphalt and Mineral Matter, 

Test for 696 

D 451 -40. Sieve Analysis of Granular Mineral Surfacing for Asphalt 

Roofing and Shingles, Test for 698 

D 452 - 40. Sieve Analysis of Nongranular Mineral Surfacing for Asphalt 

Roofing and Shingles, Test for 701 

D 146 - 44 T. Fabrics, Felted ai-id Woven, Saturated with Bituminous Substances 

for Use in Waterproofing and Roofing, Testing of {Tentative) . 1433 
D22S — 44T. Asphalt Roll Roofing, Cap Sheets, and Shingles, Testing of 

{Tentative) 1440 


t Approved as American Standard by the American Standards Association. 

‘Emergency Alternate Provisions applying to this standard have been issued and appear in the pink 
section of this book, see p. 1172. 
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1)727 - 43 T. Roofing and Flooring Felt, Test for Kerosine Number by 

Vacuum Method ( Tentative) 1447 

D 762 - 44 T. Hot Extraction of Asphaltic Materials and Recovery of Bitumen 

by the Modified Abson Procedure, Test for {Tentative) 1386 


Recommended Practice for: 


D 529 - 39 T. A ccelerated Weathering Test of Bituminous M aterials ( Tentative) . 1449 

WOOD AND WOOD PRESERVATIVES 
Wood 

Specifications for: 


fD 25 “37. Timber Piles, Round 704 

D ,52 “20. Paving Blocks, Wooden, for Exposed Pavements 708 

tD 245-37. Structural Wood Joist and Plank, Beams and Stringers, and 

Posts and Timbers 711 

D35S-44 T, Wood to be Used as Panels in Weathering Tests of Paints and 

Varnishes {Tentative) 1SS5 


Methods of: 


fD 143 - 27. Small Clear Specimens of Timber, Testing of 730 

fD 198 - 27. Static Tests of Timbers in Structural Sizes 761 

D 805 - 44 T. Veneer, Plywood, and Other Wood and Wood-Base Materials, 

Testing of {Tentative) 14v53 


Definitions of: 

D 9-30. Timber, Terms Relating to. 


777 


Specifications for: 
D 390 -36. 

D .391 - 36. 

D 432 -39. 

Methods of: 

D 38-33. 

D 168-30. 
fD 139-27. 

D 246-42. 

D 367 -33. 

D 368 -33. 

D 369 -.33. 

D 370-33. 

D 453 -41. 

D 347 -33. 

D 199-27. 


Wood Preservatives 


Creosote 783 

Creosote - Coal Tar Solution 785 

Zinc Chloride 787 


Sampling and Testing Creosote 

Coke Residue of Creosote, Test for 

Float Test for Bituminous Materials 

Distillation of Creosote, Test for 

Insoluble Matter in Creosote, Tests for 

Specific Gravity of Creosote, Test for. 

Specific Gravity, 38/15.5 C., of Creosote Fractions, Test for. . 

Water in Creosote, Test for 

Tar Acids in Creosote and Creosote - Coal Tar Solutions, Test 

for 

Volume and Specific Gravity Correction Tables for Creosote 

and Coal Tar 

Chemi al Analysis of Zinc Chloride. 


788 

791 

570 

793 

799 

801 

803 

805 


811 

814 


Definitions of: 

D 324- 41. Timber Preservatives, Terms Relating to 817 

PAINT, VARNISH, LACQUER, AND RELATED PRODUCTS 
White Pigments 

Specifications for: 

tD 79-44. Zinc Oxide 818 

D 80-41. Zinc Oxide, Leaded 820 


t Approved as American Standard by the American Standards Association. 
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Specifications for: Ji'- 

fD 81-43. White Lead, Basic Carbonate «22 

D 82 - 44. W'hite Lead, Basic Sulfate S.M 

tD 476 - 41. Titanium Dioxide Pigments 826 

ID477 - 41. Zinc Sulfide Pigments .S2S 

D 602 - 42. Barium Sulfate Pigments K3ii 

D 603 -42. Aluminum Silicate Pigment Ml 

D 604 - 42. Diatomaceous Silica Pigment M2 

D 605 -42. Magnesium Silicate Pigment S33 

D 606 -42. Lead Titanate 834 

*D 607-42. Mica Pigment M5 

Black Pigments 

Specifiications for: 

•j-D 209 - 41. LampUack 836 

tD 2 10 - 41 . Bone Black 83H 

fD 405 - 41. Blue Lead; Basic Sulfate N40 

D 561 -41. Carbon Black 842 

D 769 -44 T. Black Synlhetk Iron Oxide ( Tentative} 1472 

Mineral Iron Oxide Pigments 

Specifications for: 

D 84-43 T. Iron Oxide Pigments, Red and Broivn {Tenlalive) 1474 

D 85 - 41. Ocher 843 

D763 - 44 T. Raw Umber {Tentative) 1476 

D764-44 T. Burnt Umber { Tentative) M77 

D 7 65 - 44 T. Raio Sienna { T eniative) 1478 

D 766 - 44 T. Burnt Sienna {Tentative) 1479 

D767 - 44 T. Venetian Red {Tentative) 148U 

Blue Pigments 

Specifications for: 

tD 261 - 41. Prussian Blue S4S 

D 262-41. Ultramarine Blue 847 

Green Pigments 

Specifications for: 

D 212-41. Chrome Green, Pure 849 

tD213-41. Chrome Green, Reduced 851 

tD 263 - 41. Chrome Oxide Green 853 

Yellow and Orange Pigments 

Specifications for: 

tD 211 - 43. Chrome Yellow and Chrome Orange 855 

tD 478-41. Zinc Yellow, C. P. (Zinc Chromate) S57 

D768 - 44 T. Y ellow Iron Oxide, Hydrated {Tentative) 1482 

Red Pigments 

Specifications for: 

tD 83 - 41. Red Lead 859 

tD 264 - 41. Para Red, Reduced 861 

tD 475 - 41. Para Red Toner, C. P 863 

D 656- 43. Toluidine Toner, C. P 865 


i A “tentative revision” of this standard appears in the Tentative Revisions of Standards section at the 
back of this book, see p. 1601. 

* Emergency Alternate Provisions applying to this standard have been issued and appear in the oink 
section of this book, see p. 1172. i i 
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I) 2ft6~4l. 

!} 474-41. 

1) 2o7~41. 

1)52!}™ 4-1 . 

Miscellaneous 

Specijicaiians for: 


D 277-31. Toxic Ingredients in Anti-Fouling Paints (Drj'- Cuprous Oxide, 

Dry Mercuric Oxide) 874 

jE 11-39. Sieves for Testing Purposes 1146 

Methods of: 

fD 278 - 31. Alkalinity or Acidity of Pigments, Test for 876 

tp 279-31. Bleeding of Pigments, Tests for 877 

fD 185-37. Coarse Particles in Pigments, Pastes, and Paints, Tests for .... 879 

D 406-39. Hiding Power, Relative Dry, of White Pigments in a Linseed 

Oil Vehicle, Test for 882 

fD 280 - 33. Hygroscopic Moisture (and Other Matter Volatile Under the 

Test Conditions) in Pigments, Test for 886 

"0 281 -31. Oil Absorption of Pigments, Test for 888 

■ '0 153-39. Specific Gravity of Pigments, Test for '889 

"D 332-36. Tinting Strength of VVhite Pigments, Test for 896 

"D 387 “36. Tinting Strength and Mass Color of Color Pigments, Test 

for 900 

D 480 - 44. Aluminum Powder and Paste, Sampling and Testing of 904 

'I'D 305 - 31. Dry Lampblack and Dry Bone Black, Test for Acetone Extract . 909 

D 283 - 39. Cuprous O.xide, Dry, Chemical Analysis of 910 

tJC 26-42. Gypsum and Gypsum Products, Testing of 144 

tD 284-33. Mercuric Oxide, Dry, Chemical Analysis of 914 

'I'D 49 - 44'. Red Lead, Dry, Chemical Analysis of 917 

fD 34-39. White Pigments, Chemical Analysis of._ 921 

fD 126-36. Yellow and Orange Pigments Containing Chromium Com- 

pounds, Blue Pigments, and Chrome Green, Chemical Analy- 
sis of 934 

fD 50-36. Yellow, Orange, Red, and Brown Pigments Containing Iron 

and Manganese, Chemical Analysis of 944 

D 521- 40. Zinc Dust (Metallic Zinc Powder), Chemical Analysis of 949 

D 444-39. Zinc Yellow Pigment (Zinc Chromate Yellow) Chemical Analy- 
sis of 952 

D 7 15 -43 T. Barium Sulfate Pigments, Analysis of {Tentative) 1484 

D 716-43 T. Mica Pigment, Analysis of {Tentative) 1488 

D 717-43 T. Magnesium Silicate Pigment, Analysis of {Tentative) 1491 

D 7 18 -43 T. Aluminum Silicate Pigment, Analysis of {Tentative) 1494 

D 719 - 43 T. Diatomaceous Silica Pig?nenl, Analysis of {Tentative) 1498 


Drying Oils and Thinners 

Specifications for: 

D 12-41. Tung Oil, Raw 

D 124-41. Soybean Oil, Raw 

D 125-41. Perilla Oil, Raw or Refined 

tD 234- 28. Linseed Oil, Raw 

fD260-33. Linseed Oil, Boiled 

D 601-41 T. OiticicaOil {Permanently Liquid) {Tentative) 

fD 13-v34. Turpentine, Spirits of .•;•••• 

D 235 - 39. Petroleum Spirits (Mineral Spirits) 

t Approved as American Standard by the American Standards Association, 
t A “tentative revision” of this standard appears in the Tentative Revisions of Standards section att i 
back of this book, see p. 1601. 
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Metallic Pigments 
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Aluminum Powder for Paints (Aluminum Bronze Powder) .... 867 

Aluminum Pigment Paste for Paint 869 

Gold Bronze Powder 871 

Zinc Dust (Metallic Zinc Powder) 873 
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Methods of: 

D 555 -41. 

D 233 - 44 T. 
fD 86-40. 

tD 92-33. 
fD 93-42. 

fD 56-36. 

D 479 - 40. 
tD 287 - 39. 


Drying Oils, Testing of ; 967 

Turpentine, Sampling and Testing of (Tentathc) l.^Ul 

Distillation of Gasoline, Naphtha, Kerosine, and Similar 

Petroleum Products, Test for 975 

Flash and Fire Points by Means of Open Cup, 'J'est fur 

Flash Point by Means of the Pensky-Martens Clo.-o-i Tc-ter, 

Test for (see Part III, p. 162). 

Flash Point by Means of the Tag Closed Tester, Test for 9'-: i 

Reactivity of Paint Liquids, Test for iOLi 

Gravity of Petroleum and Petroleum Products fjy .5[['ans ui flm 
Hydrometer, Test for (see Part III, p. 172). 


Shellac, Paint Driers, Varnish, and Varnish Materials 
Specifications for: 


D 207 -35. Shellac, Dry Bleached 988 

D 237 - 43 T. Shellac, Orange, and Other Lacs [Tentathe) 1.507 

D 784 - 44 T. Shellac, Orange, and Other Indian Lacs for Electrical Insulation 
{Teniatke) {see Part III, p. J3SP). 

D 360-41. Shellac Varnishes 989 

D 600-43. Liquid Paint Driers 991 

C 47-27. Hydrated Lime for Varnish Manufacture 96 


Methods of: 


D 29 - 40. Shellac, Sampling and Analysis of 993 

D 29-41 T. Color of Orange Shellac, Test for {Tentativey^ ISOS 

tD 411 - 44. Shellac Used for Electrical Insulation, Testing of fsee Part III, 
p. 377). 

D 154-43. Varnishes, Oleoresinous, Testing of 1007 

D 115 - 41. Varnishes Used for Electrical Insulation, Testing of (see Part III, 
p. 362). 

D 479 - 40. Reactivity of Paint Liquids, Test for 1013 

D 564-43. Liquid Driers, Testing of 1015 

D 563 - 43 T. Alkyd Resin Solutions, Test for FhthaUc Anhydride Content of 

{Tentative) 1511 


Definitions of: 

D 16-44 T. Paint, Varnish, Lacquer, and Related Products, Terms Relating 

to {Tentative) 1551 


Rosin, Dipentene, Pine Oil, and Tall Oil 

Methods of: 


D 509 - 44 T. Rosin, Sampling and Grading of {Tentative) 1512 

D 465 -42. Rosin, Test for Acid Number of 1021 

D 464 - 42. Rosin, Test for Saponification Number of 1023 

tD269-30. Rosin, Test for Toluene Insoluble Matter in (Chiefly Sand, 

Cliips, Dirt, and Bark) " 1025 

D 801 -44 r. Dipentene, Sampling and Testing of {Tentative) 1517 

D 802 - 44 T, Pine Oil, Sampling and Testing of {Tentative) 1520 

D 803-44 T. Tall Oil, Testing of {Tentative) 1524 


Definitions of: 

D 804-44 T. Tall Oil, Terms Relating to {Tentative) 1532 

Lacquer and Lacquer Materials 

Specifications for: 

D 329-33. Acetone 1026 

D 319 - 40. Amyl Alcohol (Synthetic) 1027 


t Approved as American Standard by the American Standards Association, 

’,*9:his is in effect a tentative revision of, and, when adopted, is to be added to Standard 
Methods D 29 - 40. 


For Contents in Numeric Sequence, see p. xxvi. 



Contents 


xxiii 

Sp&iificatims for'. 


p olb - 39. Amyl Acetate (Synthetic) (85 to 88 per cent Grade) 1028 

D 554 - 39. Amyl Acetate Made from Fusel Oil (85 to 88 per cent Grade) . . 1029 

D 361 - 36. Benzene (Benzol), Industrial 90 per cent 1030 

D 304 -40. Butanol (Normal Butyl Alcohol) 1031 

D 303 “ 40. Butyl Acetate, Normal (88 to 92 per cent Grade) 1032 

D 320 - 40. Butyl Propionate (90 to 93 per cent Grade) 1033 

D 608 - 43. Dibutylplithalate 1034 

D 302 - 33. Ethyl Acetate (85 to 88 per cent Grade) 1035 

D 321 - 40. Ethyl Lactate (Synthetic) 1036 

D 331 - 35. Ethylene Glycol Monoethyl Ether 1037 

D 343 - 35. Ethylene Glycol Monoethyl Ether, Acetate Ester of (95 to 

96 per cent Grade) 1038 

D 330 -35. Ethylene Glycol Monobutyl Ether 1039 

D 657 - 44. Isopropyl Acetate 1040 

D 770 - 44 T. Isopropyl Alcohol {Tentative) 1533 

D740 - 43 T. Methyl Ethyl Ketone {Tentative 1534 

D 362-36. Toluene (Toluol), Industrial Pure 1041 

D 363 -36. Tricresyl Phosphate 1042 

D 364 - 36. Xylene (Xylol) or Solvent Naphtha, Industrial 1043 

D 301 -33. Nitrocellulose, Soluble 1044 

Methods of: 

D 268-44. Lacquer Solvents and Diluents, Sampling and Testing of 1053 

D 268 -44 T. Water in Lacquer Solvents and Diluents, Test for {TentativeY^. . 1535 
D 522 - 41. Elongation of Attached Lacquer Coatings witn the Conical 

Mandrel Test Apparatus, Test for 1063 

D 333 - -40. Nitrocellulose Clear Lacquers and Lacquer Enamels, Testing of . 1068 

D 365-39. Nitrocellulose Base Solutions, Soluble, Testing of 1071 

D 479 - 40. Reactivity of Paint Liquids, Test for 1013 

D 609 - 41 T. Steel Panels for Exposure Tests of Enamels for Exterior Service, 

Preparation of {Tentative) 1558 

D 658 - 44. Abrasion Resistance of Organic Coatings with the Air Blast 

Abrasion Tester, Test for 1105 

Definitions of: 

D 16-44 T. Paint, Varnish, Lacquer, and Related Products, Terms Relating 

to {Tentative) 1551 


Traffic Paint 

Methods of: 

D 711 - 43 T. Dry to No-Pick- Up Time of Traffic Paint, Test for { Tentative) . . 1538 

D712-43T. Light Sensitivity of Traffic Paint, Test for {Tentative) 1540 

D 713-43 T. Road Service Tests on Traffic Paint, Conducting of {Tentative) . . 1542 

Paint Tests, General 

Methods of: 


D 215- 41. Chemical Analysis of White Linseed Oil Paints 1075 

D 3‘14-39. Hiding Power, Relative Dry, of Paints, Test for 1092 

D 562 - 44. Consistency of Exterior House Paints and Enamel-Type Paints, 


Test for 1097 

D 523-44 T. Specidar Gloss of Paint Finishes, Test for {Tentative) 1544 

D 658 -44. Abrasion Resistance of Organic Coatings with the Air Blast 

Abrasion Tester, Test for. 1105 

D771-44 T. Daylight 45 Degree, 0 Degree Apparent Reflectance of Paint 

Finishes, Test for {Tentative) 1549 


This is in effect a tentative revision of, and, when adopted, is to be added to Standard 
Methods D26S- 44. 
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Contents 


Methods of: 


D 38-33. Creosote, Sampling and Testing of 788 

D 246 - 42. Creosote, Distillation of, Test for 763 

D 367 -33. Creosote, Tests for Insoluble Matter 769 

D 368 - 33. Creosote, Specific Gravity of. Test for 801 

D 370-33. Creosote, Water in, Test for 805 

E 28 - 42 T. Softening Point {Ball and Shouldered Ring Apparatus), Test for 

(Tentative) 1580 

Definitions of: 

D 16-44 T. Paint, Varnish, Lacquer, and Related Products, Terms Rdattng 

to {Tentative) L551 

E 13-42. Screen (Sieve), Term 5169 

E 12-27. Specific Gravity, Terms Relating to 1167 

Paint Weathering Tests 

Specifications for: 

D 358 - 44 T. Wood to be Used as Panels in Weathering Tests of Paints and 

Varnishes ( Tentative) 1 555 

Methods of: 

D 609 - 41 T. Steel Panels for Expostire Tests of Enamels for Exterior Serdee, 

Preparation of (Tentative) 1558 

D 610-43. Rusting, Evaluating Degree of Resistance to, Olitained with 

Paint on Iron or Steel Surfaces 1109 

D 659 - 44. Challdng, Evaluating Degree of Resistance to, of Exterior Paints 

of the Linseed-Oil Type 1116 

D 660 - 44. Checking, Evaluating Degree of Resistance to, of Exterior I’nint-s 

of the Linseed-Oil Type 1118 

D 661 - 44. Cracking, Evaluating Degree of Resistance to, of Exterior Painls 

of the Linseed-Oil Type 1121 

D 662 - 44. Erosion, Evaluating Degree of Resistance to, of E.xteriur Ikiints 

of the Linseed-Oil Type 1124 

D 7 14- 43 T. Blistering, Evaluating Degree of Resistance to, of Organic Coalings 
on Metal when Subjected to Immersion or Other Tests Involving 

Exposure to Moisture or Liquids (Tentative) 1559 

D 772 - 44 T. Flaking (Scaling), Evaluating Degree of Resistance to, of Exterior 

Paints of the Linseed~Oil Type (Tentative) 1563 

ES-3. (Conducting Salt Spray Tests on Organic Protective Coatings) 

Discontinued. 

B 117-44 T. Salt Spray (Fog) Test {Tentative) (see Part 1, p. 1843). 

ES-35. Changes in Protective Properties of Organic Coatings on Steel 

Surfaces When Subjected to Imniersion (Emergency Method). 1189 


Recommended Practice for: 

E 42 - 42 T. Carbon Arc Accelerated Weathering Unit, Characteristics of 


(Tentative) 1593 

Definitions of: 

E 41-42 'T. Conditioning and Weathering, Terms with Procedures Relating 

to (Tentative) 1595 

Putty 

Sped fications for: 

D 317 - 33. Putty, Pure Linseed Oil, for Glazing ! 1127 

PLASTICS 


Specifications and methods of test for plastics are published in Part III of the Book of 
A. S.T.M. Standards. 
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THERMOMETERS 

S pecificaiions for: page 

1-44. A.S.T.M. Thermometers 1129 

E 1-44 T. A.S.T.M. Thermometers {Tentativey^ 1567 

GENERAL TESTING METHODS 

Sped Jkations far: 

fE 11-39. Sieves for Testing Purposes (Wire Cloth Sieves, Round-Hole 

and Square-Hole Screens or Sieves) 1146 

Methods of: 

E 20 ~ 33 T. Parlicle Size Distribution of Subsieve Size Particulate Substances, 

Test for {Tentative) 1S7S 

E 28-42 T. Softening Point {Ball and Shouldered Ring Apparatus), Test for 

(Tentative) 1580 

E 4-36. Verification of Testing Machines 1153 

Recomineudcd Practices for: 

I.i 29 - 40 T. Designation of Numerical Requirements in Standards {Ten- 
tative) 1585 

E 42 - 42 T. Carbon Arc Accelerated Weathering Unit, Characteristics of 

{Tentative) 1593 

Definitions of: 

E 6-36. Methods of Testing, Terms Relating to 1162 

E 12-27. Specific Gravity, Terms Relating to 1167 

E 13-42. Screen (Sieve), Term 1169 

E 24-42. Rhcological Properties of Matter, Terms Relating to 1170 

E 41-42 T. Conditioning and Weathering,, Terms 'with Procedures Relating 

to { Tentative) 1595 


TENTATIVE STANDARDS 

Tabic of Contents of Tentative Standards green insert opposite 1202 

TENTATIVE REVISIONS OF STANDARDS 
.List of Tentative Revisions of A.S.T.M. Standards Relating to Nonmetallic Ma- 
terials — Constructional 1601 

EMERGENCY STANDARDS 

Table of Contents of Emergency Standards 1172 

EMERGENCY ALTERNATE PROVISIONS 
I'uble of Contents of Emergency Alternate Provisions 1172 


List of A.S.T.M. Standing Committees 1611 

Index 1613 


INSERT PLATE 

Plate I. Colors of Treated Sands with Suggested Ranges of Application 438 

* Emergency .Mternale Provisions applying to tliis standard have been issued and appear in the pink 
section of this book, see p. 1172. , , . 

t .Vtiprovfd as American Standard bv the American Standards Association. 

13 This is in effect a tentative revision of, and, when adopted, is to be added to Standard 
Specifications E 1 - -l-l. 
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A.S.T.M. Standards and Tentative St.andards Relating to 
Nonmetallic Materials— Constructional 


A complete list in numeric sequence of all A,S.T.M. standards and ten- 
tative standards, including titles and page references, appear? in the fnde.v 
to Standards and Tentative vStandards furnished annually to A-S/FAf. 
members and to purchasers of the Book of Standards. 'Fhis li.d will he 
particularly helpful after the appearance of the 1945 and 1946 Supjdement- 
since it will contain references to the new and revised standards appearing 
in the 1945 and 1946 Supplements as well as to those curreiit slandards 
appearing in this book. 

STANDARDS AND TENTATIVE STANDARDS 


fC 4-24. Spec, for Drain Tile 371 

C 5-26. Spec, for Quicklime for Structural Purposes 83 

C 6-44. Spec, for Normal Finishing Hydrated Lime 85 

C 7-42. Spec, for Paving Brick 169 

C 10-37. Spec, for Natural Cement 5 

C 11-41, Def. of Terms Relating to Gypsum 158 

C 11 - 41 T. Def. of Terms Relating to Gypsum (Tentative)* 1244 

C 12 - 19. Rec. Practice for Laying Sewer Pipe 421 

C 13 - 44 T. Spec, for Standard Strength Clay Sewer Pipe (Tentative) 1.316 

C 14-41. Spec, for Concrete Sewer Pipe 386 

C 16-41. Method of Testing Fireclay Refractories Under Load at Higli 

Temperatures 310 

C 18-41, Methods of Chemical Analysis of Refractory Materials 27! 

fC 19 - 41. Methods of Fire Tests of Building Construction and Materials. . . 234 

C 20-41. Methods of Test for Apparent Porosity, Water Absorption, Ap- 

parent Specific Gravity, and Bulk Density of Burned Refractory 

Products 325 

fC 22-41. Spec, for Gypsum 122 

tC 24 - 42. Method of Test for Pyrometric Cone Equivalent (P.C.E.) of 

Refractory Materials 294 

C 25-44. Methods of Chemical Analysis of Limestone, Quicklime, and Hy- 
drated Lime 109 

t$C 26 - 42. Methods of Testing Gypsum and Gypsum Products 144 

C 27-41, Classification of Fireclay Refractories 269 

fC 28-40. Spec, for Gypsum Plasters 124 

C 29 - 42. Method of Test for Unit Weight of Aggregate *:i49 

fC 30-37. Method of Test for Voids in Aggregate for Concrete 451 

C 31-44. Method of Making and Curing Concrete Compression and Flexure 

Test Specimens in the Field 466 

C 32 - 42. Spec, for Sewer Brick (Made from Clay or Shale) 176 

C 33-44. Spec, for Concrete Aggregates 423 

fC 34-41. Spec, for Structural Clay Load-Bearing Wall Tile 187 

C 35 - 39. Spec, for Sand for Use in Plaster. 103 

tC 36-42. Spec, for Gypsum Wall Board 135 

fC 37 - 42. Spec, for Gypsum Lath 137 


t Approved as American Standard by the American Standards Association. 

t A “tentative revision” of this standard appears in the Tentative Revisions of Standards section at the 
back of this book, see p. 1601. 

1 This is in effect a tentative revision of, and, when adopted, is to be added to Standard Definitions C 11 - 
41. . • 

xxvi 



Contents, Numeric Sequence 


xxvii 


tC 38-42, 

C 39-4^L 

C 40-33. 

C 42 - 44. 

C 43-36. 

C 45-25. 

C 46-27. 

C 47-27. 

C 48-24. 

C 49-42. 

C 50- 27. 

C 51-4^k 

C S1-44T 

C 52-41. 

C 53-39. 
tC 55-37. 
tC 56-41. 
fC 57-39. 

C 58- 28. 

C 58-28T 
tC 59-40. 
tC 00-40. 
fC 61-40. 

C 62-4^1. 

C 03-41. 


C 64-41. 
tC 67 - 44. 

C 70 - 44T 

tC 71-42. 
\tC 72-40. 
fC 73-39. 

C 75-41. 

C 76-41. 

C 77. 

C 78-44. 

fC 79-42. 

C 85-42. 

C 87-44'. 


C 88-44T. 


fC 90 - 44. 

C 91-40. 

C 91-44T. 
C 92-43T. 


PAGE 


Method of Panel Test for Resistance to Thermal and Structural 

Spalling of Refractory Brick 

Method of Test for Compressive Strength of Molded Concrete 

Cylinders 

Method of Test for Organic Impurities in Sands for Concrete .... 
Methods of Securing, Preparing, and Testing Specimens from Hard- 
ened Concrete for Compressive and Flexural Strengths 

Def, of Terms Relating to Structural Clay Tile 

Spec, for Quicklime and Hydrated Lime for Cooking of Rags in 

Paper Manufacture 

Spec, for Quicklime for Sulfite Pulp Manufacture 

Spec, for Hydrated Lime for Varnish Manufacture 

Spec, for Quicklime and Hydrated Lime for Use in the Textile 

Industry 

Spec, for Quicklime and Hydrated Lime for Silica Brick Manu- 
facture 

Methods of Sampling, Inspection, Packing, and Marking of Quick- 
lime and Lime Products 

Def. of Terms Relating to Lime 

Def. of Terms Relating to Lime (Tentative)^ 

Spec, for Gj’psum Partition Tile or Block 

Spec, for Quicklime and Hydrated Lime for Water Treatment . . . 

Spec, for Concrete Building Brick ; . . 

Spec, for Structural Clay Non-Load-Bearing Tile 

Spec, for Structural Clay Floor Tile 

Def. of the Term Sand 

Def. of the Term Aggregate (Tentative)* 

Spec, for Gypsum Molding Plaster 

Spec, for Gypsum Pottery Plaster 

Spec, for Keene’s Cement 

Spec, for Building Brick (Made from Clay or Shale) 

Spec, for Refractories for Malleable Iron Furnaces with Removable 

Bungs and for Annealing Ovens 

Spec, for Refractories for Heavy Duty Stationary Boiler Service . . 

Methods of Sampling and Testing Brick 

Method of Test for Surface Moisture in Fine Aggregate (Tenta- 

tative) 

Def. of Terms Relating to Refractories 

Spec, for Calcined Gypsum for Dental Plasters 

Spec, for Sand-Lime Building Brick . ._ 

Spec, for Reinforced Concrete Sewer Pipe 

Spec, for Reinforced Concrete Culvert Pipe 

Discontinued, Replaced by Methods C 1S3, C 184, C 187, C 188, 
C 189, C 190, and C 191. 

Method of Test for Flexural Strength of Concrete (Using Simple 

Beam with Tlnrd-Point Loading) 

Spec, for Gypsum Sheathing Board 

Method of Test for Cement Content of Hardened Portland-Ce- 

ment Concrete 

Method of Test for Structural Strength of Fine Aggregate Usmg 

Constant Water-Cement-Ratio Mortar 

Method of Test for Soundness of Aggregates by Use of Sodium 

Sulfate or Magnesium Sulfate (Tentative) 

Spec, for Hollow Load-Bearing Concrete Masonry Units 

Spec, for Masonry Cement _ 

Spec, for Masonry Cement (Tentative)^ 

Methods of Test for Sieve Analysis and Water Content of Refrac- 
tory Materials (Tentative) 


297 

470 

438 

460 

200 

92 

94 

96 


100 

105 

121 

1243 

141 

101 

160 

190 

193 

452 

1339 

127 

129 

131 

162 

262 

253 

178 

1337 

330 

133 

167 

394 

404 


480 

139 

464 

447 

1332 

202 

7 

1206 

1309 


t Approved as American Standard by the American Standards Association. 

1 A “tentative revision” of this standard appears in the Tentative Revisions of Standards section at the 

back of this book, see p. 1601. , , . . o. j j r ^ 

2 This is in effect a tentative revision of, and, when adopted, is to be added to Standard Definitions C al - 

2 This is in effect a tentative revision of, and, when adopted, is to be added to Standard Definitions C 58 - 
< This is in effect a tentative revision of, and, when adopted, is to replace Standard Specifications C 91 - 
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C 93 - 42. Methods of Testing Insulating Fire Brick {Comprc.-sivu StrfEigth. 

Flexural Strength, and Permanent Linear Change After 


Q 94 - 44. Spec, for Ready-Mixed Concrete 43 ' 

C 97 - 36. Methods of Test for Absolution and Apparent Specific t Gravity uf 

Natural Building Stone 21.4 

C 99 - 36. Method of Flexure Testing of Natural Building Stone (Determina- 
tion of Modulus of Rupture) 2 ! 5 

C 100-36. Method of Test for Modulus of Elasticity uf Natural lluil-iing 

Stone 217 

C 102 - 36. Method of Shear Testing of Natural Building Stum- . . . .^21 

tC 105-41. Spec, for Ground Fire Clay as a .Murlar for Laying-Cji i-'ireclay 


Brick 2(0 

C 106-41, Spec, for Refractories for Incinerators 250 

I'C 107-42. Method of Panel Te.st for Resistance to Thermal and Sinu tur.il 

Spalling of Hi,gh Heat Duty Fireclay Brick if l l 

C 108 - 44T. Symbols for Heat Transmission (Tentative) IS 12 

C 109-44. Method of Test for Compressive Strength of 1 lyrlraulic-Ccnu-nt 

Mortars 76 

' C 110- 38 T. Methods of Physical Testing of Quicklime and Hydrated Lime 

(Tentative) 12.?H 

C 111-36. Spec, for Sodium Silicate for Curing Concrete 491 

fC 112-36. Methods of Sampling and Testing Structural Clay Tile 196 

C 113 - 36. Method of Test for Permanent Linear Change After Reheating of 

Refractory Brick 303 

C 114-44. Methods of Chemical .Analysis of Portland Cement 14 

C 114 - 44 T. Methods of Chemical .Analysis of Portland Cement (’I'entaiiN ei\ 1214 

C 115-42. Method of Test for Fineness of Portland Cement Ijv tlie 'I'ur- 

bidimeter 47 

C 116-44. Method of Test for Compressive Strength of Concrete lAiiig 

i; Portions of Beams Broken in Flexure (Modified Cube .Method I 472 

; fC 117 - 37. Method of Test for Amount of Material Finer tlian No. 200 Sii*-. e 

in Aggregates 4.19 

C 118-39. Spec, for Concrete Irrigation Pipe 41,5 

C 119-27. Def. of the Term Slate 231 

; ' C 120-31. Methods of Flexure Testing of Slate (Modulus of Ru|)turi;, 

i : Modulus of Elasticity) 226 

i i! C 121 - 31. Method of Test for Water Absorption of Slate 229 

JC 122-42. Method of Panel Test for Resistance to Thermal and Structural 

Spalling of Super Duty Fireclay Brick 306 

C 123 - 44. Method of Test for Coal and Lignite in Sand 436 

C 124-39. Method of Test for Flow of Portland-Cement Concrete by Use of 

i the Flow Table. 474 

C 125 - 44. Def. of Terms Relating to Concrete and Concrete Aggregates. . . . 490 

C 126 - 44 T. Spec, for Glazed Masonry Units (Tentative) 1245 

fC 127 - 42. Method of Test for Specific Gravity and Absorption of Coarse 

Aggregate....... 443 

fC 128-42. Method of Test for Specific Gravity and Absorption of Fine 

Aggregate 445 

fC 129 - 39. Spec, for Hollow Non-Load-Bearing Concrete Masonry Units. . . . 201 

, C 130-42. Spec, for Lightweight Aggregates for Concrete 428 

' fC 131 - 44. Method of Test for Abrasion of Coarse Aggregate by Use of the 

Los Angeles Machine .131 

C 132. Discontinued. 

C 133 - 39. Methods of Test for Cold Cnisliing Strength and Modulus of 

Rupture of Refractory Erick and Shapes 319 

C 134 - 41. Methods of Test for Size and Bulk Density of Refractory Brick . . 322 

C 135-40. Method of Test for True Specific Gravity of Burned Refractory 

Materials 328 

fC 136-39. Method of Test for Sieve Analysis of Fine and Coarse Aggre- 
gates '. .. 441 


t Approved as American Standard by tlie American Standards Association. 

t A “tentative revision” of this standard appears in the Tentative Revisions of Standards section at the 
back of this book, see p. 1601. 

6 This is in efiect a tentative revision of, and, when adopted, is to be added to Standard Methods C 114 -- 
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C 137. 

C 138 - 44. 

fC 139 - 39. 

fC 140 ~ 39. 

C 141-42. 

C 142 - 39. 

C 143 - 39, 

C 144 - 44. 
■((' 14.5-40. 

C 140-43. 
t: 147 - 43. 

C 148 - 43. 

C 149 - 43. 

C: 150-44. 

C 151 -43. 
tC 152-41. 

C 153-41. 

C 154-41. 

C 155 - 41 T. 

C 156 - 44 T. 

C 157-43. 

C 1.58-43. 

C 159 - 41 T. 

C 160-41 T. 

C 161 -44 T. 
C 162-41 T. 
C 163 - 44. 

C 164 - 44. 

C 165 - 41 T. 


C 166 - 41 T. 

C 167 - 44. 

C 168 - 44. 

C 169-43. 

C 170-41 T. 

C 171 - 42 T. 
C 172- 44.. 

C 173- 42 T, 

C 174 - U. 

C 175- 44 T. 

C 176-41. 

C 177 - 42 T. 

C 178- 44 T. 

C 179- 43 T. 


PAGE 


Discop.tinmd. 

Method of Test for Weight per Cubic Foot, Yield, and Air Con- 
tent (Gravimetric) of Concrete 

Spec, for Concrete Masonry Units for Construction of Catch 

Basins and Manholes 

Methods of Sampling andTesting Concrete Masonry Units 

Spec, for H3'draulic Hydrated Lime for Structural Purposes ..... 

Method of Test for Clay Lumps in Aggregates 

Method of Slump Test for Consistency of Portland- Cement 

Concrete 

Spec, hor Aggregate for Masonry Mortar 

Sjiec. for Solid Load-Bearing Concrete Masonry Units 

Methods of Chemical Analysis of Glass Sand 

Met hod of Hydrostatic Pressure Test on Glass Containers 

Method of Polariscopic Examination of Glass Containers 

Method of Thermal Shock Test on Glass Containers 

.Spec, for Portland Cement. 

-Method of Test for Autoclave Expansion of Portland Cement 

Methods of Fire Tests of Door Assemblies 

Spec, for Refractories for Moderate Duty Stationary Boiler 

Service 

Method of Test for Warpage of Refractory Brick and Tile 

Classification of Insulating Back-Up Block and Insulating Fire 

Brick (Tentative) 

Method of Test for Water Retention Efficiency of Methods for 

Curing Concrete (Tentative) 

Method of Test for Volume Change of Cement Mortar and Con- 
crete 

Method of Flexure Testing of Glass (Determination of Modulus of 

Rupture) 

Spec, for Vitrified Clay Filter Block for Trickling Filters (Ten- 
tative) 

Method of Test for Fire-Retardant Properties of Wood (Tenta- 

tative) 

Spec, for Mortar for Reinforced Brick Masonry (Tentative) 

Def. of the Term Glass (Tentative) 

M ethods of Sampling and Mixing Thermal Insulating Cement .... 
Method of Test for Bulk Density of Thermal Insulating Cement . . 
Methods of Test for Compressive Strength and Flexural Strength 
of Preformed Block Type Thermal Insulating Materials (Ten- 
tative) 

Methods of Test for Covering Capacity and Volume Change Upon 

Drying of Thermal Insulating Cement (Tentative) 

Methods of Test for Thickness and Density of Blanket Type 

Thermal Insulating Materials 

Def. of Terms Relating to Thermal Insulating Materials 

Methods of Chemical Analysis of Soda-Lime Glass 

Method of Test for Compressive Strength of Natural Building 

Stone (Tentative) 

Spec, for Waterproof Paper for Curing Concrete (Tentative) 

Method of Sampling Fresh Concrete 

Method of Test for Air Content (Volumetric) of Freshly Mixed 

Concrete (Tentative) 

Method of Measuring Length of Drilled Concrete Cores 

Spec, for Air-Entraining Portland Cement for Concrete Pavements 

(Tentative) 

Spec, for Fireclaj' Plastic Refractories for Boiler and Incinerator 

Services _ 

Method of Test for Thermal Conductivity of Materials by Means 

of the Guarded Hot Plate (Tentative) 

Spec, for Air-Setting Refractory Mortars (Wet Type) for Boiler 

and Incinerator Services (Tentative) 

Method of Test for Combined Drying and Firing Shrinkage of 
Fireclay Plastic Refractories (Tentative) 
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87 

434 

476 

232 
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358 

362 

365 

1 

44 

241 

257 

324 

1294 

1351 

483 

368 

1250 

1259 

1256 

1315 

246 

248 


1279 

1276 

250 

252 

338 

1253 

1349 

463 

1340 

478 

1203 

265 

1282 

1291 

1297 
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C 180- 43 T. Method of Panel Test for Resistance to Thermal and Hlnirtural 

Spalling of Fireclay Plastic Refractories (Tenlativej 1295 

C 181 - 43 T. Method of Test for Workability Index of Fireclay Plaslic Refrac- 
tories (Tentative) 1299 

C 182- 43 T. Method of Test for Thermal Conductivity of Insulating Fire 

Brick (Tentative) 1301 

C 183-44. Methods of Sampling Hydraulic Cement 12 


C 184 - 44. Method of Test for Fineiress of Hydraulic Cement by the N(,>. 2UU 

Sieve 

C 185- 44 T. Method of Test for Air Content of Portland-Ceineiit Mtala.r 

(Tentative) b 

C 186 - 44 T. Method of Test for Heat of Hydration of Portland Cement t'l’en- 


tative) 1 2.11 

C 187 - 44. Method of Test for Normal Consistency of Hydraulic ('emsTdi . 

C 188-44. Method of Test for Specific Gravity of Hydraulic Ccnieiil. , . fri 

C 189-44. Method of Test for Soundness of Hydraulic Ccnic-nt Over Rolling 

Water (Pat Test) 61 

C 190-44. Method of Test for Tensile Strength of Hydraulic-Cement Mor- 
tars 70 

C 191 - 44. Methods of Test for Time of Setting of Hydraulic Cement by the 

Vicat or Gillmore Needles 66 

C 192- 44 T. Method of Making and Curing Concrete Compression and Fle.Kurc 

Test Specimens in the Laboratory (Tentative) 1344 

C 193 - 44 T. Spec, for 85 per cent Magnesia Thermal Insulating Cement (Ten- 
tative) 1264 

C 194 - 44 T. Spec, for Asbestos Thermal Insulating Cement (Tentative) 1266 

C 195 - 44 T. Spec, for Mineral Wool Thermal Insulating Cement (Tentative) . . 1268 
C 196-44 T. Spec, for Expanded or Exfoliated Vermiculite Thermal Insulating 

Cement (Tentative) 1271 

C 197 - 44 T. Spec, for Diatomaceous Silica Thermal Insulating Cement (Ten- 
tative) 1274 

C IPS, Not yet assigned. 

C 199. Not yet assigned. 

C 200 - 44 T. Spec, for Extra Strength Clay Pipe (Tentative) 1324 

D 2-33. Method of Test for Abrasion of Rock by Use of the Deval Ma- 
chine 513 

tD 3- 18. Method of Test for Toughness of Rock 514 

fD 4-42. Method of Test for Determination of Bitumen 543 

fD 5-25. Method of Test for Penetration of Bituminous Materials 573 

D 6 - 39 T. Method of Test for Loss on Heating of Oil and Asphaltic Com- 
pounds (Tentative) 1383 

D 8-33. Def. of Terms Relating to Materials for Roads and Pavements... 611 

D 9-30. Def. of Terms Relating to Timber 777 

D 12 - 41. Spec, for Raw Tung Oil 957 

fD 13-34. Spec, for Spirits of Turpentine 963 

D 16-44T. Def. of Terms Relating to Paint, Varnish, Lacquer, and Related 

Products (Tentative) 1551 

fD 20 - 30. Method of Test for Distillation of Tar Products Suitable for Road 

Treatment.. 548 

fD 25 - 37. Spec, for Romid Timber Piles 704 

D 29 - 40. Methods of Sampling and Analysis of Shellac 993 

D 29-41 T. Method of Test for Color of Orange Shellac (Tentative)® 1508 

fD 34 - 39. Methods of Chemical Analysis of White Pigments 921 

fD 36 - 26. Method of Test for Softening Point of Bituminous Materials 

(Ring-and-Ball Method) 578 

P 38-33. Methods of SampHng and Testing Creosote. 788 

D 41 - 41 . Spec, for Primer for Use with Asphalt in Dampproofing and Water- 
proofing 657 

D 43-41. Spec, for Creosote for Priming Coat with Coal-Tar Pitch in Damp - 

proofing and Waterproofing ...... 659 

fD 49 - 44, Methods of Chemical Analysis of Dry Red Lead. 917 


40 . 


t .Approved as American Standard by the American Standards Association. 

« This is in effect a tentative revision of, and, when adopted, is to be added to Standard Methods D 29 •- 
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fl) 50 -3(). Mctl’itKls f)f tJhcmical Analysis of Yellow, Orange, Red, and 

l-iro'.vn Pigments Containing Iron and Manganese 944 

D 52 - 20, Spec, for Wooden Paving Blocks for Exposed Pavements 708 

fl) 56 -- 36. Aletiiod of 7’est for Flash Point by Means of the Tag Closed 

I'ester 984 

fl) 57 - 20. Spec, for Materials for Cement Grout Filler for Brick and Stone 

Block Pavements 503 

D 5S - 37. S[)ec. for Materials for Sand-Cement Bed for Brick and Block 

Pavements 505 

D 59 --39, Spec, for Granite Block for Pavements. 497 

D 61 - 38. Method of Test for Softening Point of Tar Products (Cube-in- 

Water Method) 581 

D 70 - 27. Method of Test for Specific Gravity of Road Oils, Road Tars, 


D 71-27. Method of Test for Specific Gravity of Asphalts and Tar Pitches 

Sufficiently Solid to be Handled in Fragments 584 

I) 75 " 42 T. Methods of Sampling Stone, Slag, Gravel, Sand, and Stone Block 

for Use as Highway Materials (Tentative) 1364 

fD 79-44. Spec, for Zinc Oxide 818 

D 80 - 41. Spe2. for Leaded Zinc Oxide 820 

i'D 81 - 43. Spec, for Basic Carbonate White Lead 822 

% D 82-41. Spec, for Basic Sulfate White Lead 824 

tl) 83-41. Spec, for Red Lead 859 

I) 84 - 43 T. Spec, for Red and Brown Iron Oxide Pigments (Tentative) 1474 

D 85-41. Spec, for Ocher 843 

fD 86 "40. Method of Test for Distillation of Gasoline, Naphtha, Kerosine, 

and Similar Petroleum Products 975 

fD 88 - 44. Method of Test for Viscosity by Means of the Saybolt Viscosi- 
meter , 588 

fD 92 - 33. Method of Test for Flash and Fire Points by Means of Open Cup . . 981 

tD 95 - 40. Method of Test for Water in Petroleum Products and Other 

Bituminous Materials 599 

D 98-34. Spec, for Calcium Chloride 511 

D 112 - 30. Spec, for Coal-Tar Pitch for Stone Block Filler 538 

fD 113 " 44. Method of Test for Ductility of Bituminous Materials 556 

D 124 - 41. Spec, for Raw Soybean Oil 959 

D 125 - 41. Spec, for Perilla Oil, Raw or Refined 960 

fD 126-36. Methods of Chemical Analysis of Yellow and Orange Pigments 
Containing Chromium Compounds, Blue Pigments, and Chrome 

Green 934 

D 131 - 39. Spec, for Recut Granite Block for Pavements 499 

D 132 - 39. Spec, for Granite Block for Durax Pavements 501 

fD 139 - 27. Method of Float Test for Bituminous Materials 570 

D 140 - 41 T. Methods of Sampling Bituminous Materials (Tentative) 1379 

fD 143 - 27. Methods of Testing Small Clear Specimens of Timber 730 

D 146 - 44 T. Methods of Testing Felted and Woven Fabrics Saturated with 
Bituminous Substances for Use in Waterproofing and Roofing 

(Tentative) 1433 

147-41. Methods of Testing Bituminous Mastics, Grouts, and Like Mix- 
tures 691 

fD 153 - 39. Methods of Test for Specific Gravity of Pigments 889 

D 154 - 43. Methods of Testing Oleoresinous Varnishes. 1007 

D 162 - 29. Spec, for Sand for Sheet Asphalt and Bituminous Concrete Pave- 
ments 508 

fD 165 - 42. Method of Test for Proportion of Bitumen Soluble in Carbon 

Tetrachloride... 546 

D 168 - 30, Method of Test for Coke Residue of Creosote 791 

D 170-41. Spec, for Bituminous Grout for Use in Waterproofing Above 

Ground Level 672 

D 171 -41. Spec, for Bituminous Grout for Use in Waterproofing Below 

Ground Level 674 


_ * Emergency Alternate Provisions applying to this standard have been issued and appear in the pink sec- 
tion of this book, see p. 1172. , : 
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D 173 - 44. Spec, for Woven Cotton Fabrics Saturated with Bituminous Sid)- 

stances for Use in Waterproofing 682 

fD 185 - 37. Methods of Test for Coarse Particles in Pigments, Pastes, and 

Paints 879 

fD 198 - 27. Methods of Static Tests of Timbers in Structural Sizes 761 

D 199 - 27. Methods of Chemical Analysis of Zinc Chloride 814 

fD 206 - 36. Abridged Volume Correction Table for Petroleum Oils 594 

D 207 -35. Spec, for Dry Bleached Shellac 9SS 

tD209-41. Spec, for Lampblack 836 

fD 2 10 - 41 . Spec, for Bone Black 83S 

tD211~43. Spec, for Chrome Yellow and Chrome Orange 855 

D 212 - 41. Spec, for Pure Chrome Green 849 

fD 213 - 41. Spec, for Reduced Chrome Green 851 

D 215 -41. Methods of Chemical Analysis of White Linseerj Oil Pi-ints 1075 

*D224-44T. Spec, for Asphalt Roofing "Surfaced with Powrleivd 'i'alc or Mica 

(Tentative) 1427 

D 225 - 44 T. Spec, for Asphalt Shingles Surfaced with Coarse .Mini iai Gninulcs 

(Tentative) 1430 

D 226- 44. Spec, for Asphalt-Saturated Roofing Felt for Use in Walerproofuig 

and in Constructing Built-Up Roofs .® 676 

D 227 - 44. Spec, for Coal-Tar Saturated Roofing Felt for Use in \Vater|>rof)l- 

ing and in Constructing Built-Up Roofs 679 

D 228 - 44 T. Methods of Testing Asphalt Roll Roofing, Cap Sheet s, and .Shingles 

(Tentative) 1440 

D 233 - 44 T. Methods of Sampling and Testing Turpentine ri'cntative) 1501 

tD 234-28. Spec, for Raw Linseed Oil 961 

D 235 - 39. Spec, for Petroleum Spirits (Mineral Spirits) 965 

D 237 - 43 T. Spec, for Orange Shellac and Other Lacs (Tentative) 1507 

D 241 - 43. Spec, for Asphalt Filler for Brick Pavements 536 

D 242 - 39. Spec, for Mineral Filler for Sheet Asphalt and Bituminous Con- 
crete Pavements 507 

tD 243 - 36. Method of Test for Residue of Specified Penetration 575 

D 244 - 42. Methods of Testing Emulsified Asphalts 559 

fD 245 - 37. Spec, for Structural Wood Joist and Plank, Beams and Stringers, 

and Posts and Timbers 711 

D 246 - 42. Method of Test for Distillation of Creosote. 793 

*D 249 - 44 T. Spec, for Asphalt Roofing Surfaced with Coarse Mineral Granules 

(Tentative) 1423 

D 250 - 44 T. Spec, for Asphalt-Saturated Asbestos Felts for Use in Waterproof- 
ing and in Constructing Built-Up Roofs (Tentative) 1418 

D 255 - 28, Method of Test for Steam Distillation of Bituminous Protective 

Coatings 661 

JD 260 - 33. Spec, for Boiled Linseed Oil 962 

Id 261 -41. Spec, for Prussian Blue 845 

D 262 - 41, Spec, for Ultramarine Blue 847 

ID 263 - 41. Spec, for Chrome Oxide Green 853 

|D 264 - 41. Spec, for Reduced Para Red 861 

D 266-41. Spec, for Aluminum Powder for Paints (Aluminum Bronze Pow- 
der) 867 

D 267 -41. Spec, for Gold Bronze Powder 871 

D 268 - 44. Methods of Sampling and Testing Lacquer Solvents and Diluents . 1053 

D268-44T, Method of Test for Water in Lacquer Solvents and Diluents 

(Tentative)^ 1535 

|D 269 - 30. Method of Test for Toluene Insoluble Solid Matter in Rosin 

(Chiefly Sand, Chips, Dirt, and Bark) 1025 

D 277 - 31. Spec, for Toxic Ingredients in Anti-Fouling Paints (Dry Cuprous 

Oxide, Dry Mercuric Oxide) " 874 

JD 278 - 31. Method of Test for Alkalinity or Acidity of Pigments 876 

fD 279 - 31. Methods of Test for Bleeding of Pigments 877 

I D 280 - 33 . Method of Test for Hygroscopic Moisture (and Other Matter Vola- 
tile Under the Test Conditions) in Pigments 886 


* Emergpey Alternate Provisions applying to this standard have been issued anl appear in tlie pink sec- 
tion of this book, see p. 1172. 

t “IS American Standard by the American Standards Association. 

’ This is in effect a tentative revision of, and, when adopted, is to be added to Standard Methods D 268 - 
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fD 281 - 31, Method of Test for Oil Absorption of Pigments 888 

D 283 -39. Method of Chemical Analysis of Dry Cuprous Oxide 910 

fD 284 - 33. Method of Chemical Analysis of Dry Mercuric Oxide 914 

D 289 - 42 T. Method of Test for Abrasion of Gravel by Use of the Deval Ma- 
chine (Tentative) 1369 

D 290 - 39. Rec. Practice for Bituminous Paving Plant Inspection 603 

D 301 -33. Spec, and Tests for Soluble Nitrocellulose 1044- 

D 302 - 33. Spec, for Ethyl Acetate (85 to 88 per cent Grade) 1035 

D 303 - 40. Spec, for Normal Butyl Acetate (fe to 92 per cent Grade) 1032 

D 304 - 40. Spec, for Butanol (Normal Butyl Alcohol) 1031 

fD 305 - 31. Method of Test for Acetone Extract in Dry Lampblack and Dry 

Bone Black... 909 

D 307 - 44. Method of Test for Spectral Characteristics and Color of Objects 

and Materials 1097 

D 312 - 44. Spec, for Asphalt for Use in Constructing Built-Up Roof Cov- 
erings 651 

D 313 - 41. Method of Test for Coarse Particles in Mixtures of Asphalt and 

Mineral Matter 696 

D 317 -33. Spec, for Pure Linseed Oil Putty for Glazing 1127 

D 318 - 39. Spec, for Amyl Acetate (Synthetic) (85 to 88 per cent Grade) 1028 

D 319 - 40. Spec, for Amyl Alcohol (Synthetic) 1027 

D 320 - 40. Spec, for Butyl Propionate (90 to 93 per cent Grade) 1033 

D 321 - 40. Spec, for Ethyl Lactate (Synthetic) 1036 

D 324 - 41. Def. of Terms Relating to Timber Preservatives 817 

D 329 - 33. Spec, for Acetone 1026 

D 330 - 35. Spec, for Ethylene Glycol Monobutyl Ether 1039 

D 331 - 35. Spec, for Ethylene Glycol Monoethyl Ether 1037 

fD 332 - 36. Method of Test for Tinting Strength of White Pigments 896 

D 333 - 40. Methods of Testing Nitrocellulose Clear Lacquers and Lacquer 

Enamels 1068 

D 343 - 35. Spec, for Acetate Ester of Ethylene Glycol Monoethyl Ether (95 

to 96 per cent Grade) 1038 

D 344 - 39. Method of Test for Relative Diy Hiding Power of Paints 1092 

fD 345 - 34. Methods of Chemical Analysis of Calcium Chloride 522 

D 347 - 33. Volume and Specific Gravity Correction Tables for Creosote and 

Coal Tar 811 

D 358 - 44 T. Spec, for Wood to be Used as Panels in Weathering Tests of 

Paints and Varnishes (Tentative) 1555 

D 360 - 41. Spec, for Shellac Varnishes 989 

D 361 - 36, Spec, for Industrial 90 per cent Benzene (Benzol) 1030 

D 362 - 36. Spec, for Industrial Pure Toluene (Toluol) 1041 

D 363 “ 36. Spec, for Tricresyl Phosphate 1042 

D 364 - 36. Spec, for Industrial Xylene (Xylol) or Solvent Naphtha 1043 

D '365 - 39. Methods of Testing Soluble Nitrocellulose Base Solutions 1071 

D 367 - 33. Methods of Test for Insoluble Matter m Creosote 799 

D 368 - 33. Method of Test for Specific Gravity of Creosote 801 

D 369 - 33. Method of Test for Specific Gravity, 38/15.5 C., of Creosote 

Fractions 803 

D 370 - 33. Method of Test for Water in Creosote 805 

D 371 -44. Spec, for Wide Selvage Asphalt Roofing Surfaced with Coarse 

Mineral Granules 685 

fD 387 - 36. Method of Test for Mass Color and Tinting Strength of Color 

Pigments 900 

D 390 - 36. Spec, for Creosote. 783 

D 391 - 36. Spec, for Creosote - Coal Tar Solution ?. 785 

D 397 - 39: Spec, for Medium-Setting Emulsified Asphalt (for Coarse Aggre- 
gate Plant Mixes) 528 

D 398 - 39. Spec, for Medium-Setting Emulsified Asphalt (for Retread and 

Coarse Aggregate Mixes) 530 

D 399 - 39 Spec, for Medium-Setting Emulsified Asphalt (Heavy Premix — 

Summer Grade) 532 


t Approved as American Standard by the American Standards Association. 

t A “tentative revision” of this standard appears in the Tentative Revisions of Standards section at the 
back of this book, see p. 1601. 
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D 401 -40. Spec, for Quick-Setting Emulsified Asphalt (ff)r Peiiotrati .;! .I'-i 

Surface Treatment) .a 44 

D 402 - 36. Method of Test for Distillation of Cut-Back .\sphaltic i’n-durf ■■ 

fD 405 - 41. Spec, for Blue Lead; Basic Sulfate K4U 

D 406 - .39. Method of Test for Relative Dry Hiding Power of Wliite 

in a Linseed Oil Vehicle. SH2 

D 420 - 42 T. Methods of Surveying and Sampling Soils for Highway .Suhgr.eii s 

(Tentative) 139^1 

D 421 -39. Method of Preparing Soil Samples for IMcchaniail An.d^ sis ami 

Determination of Subgrade Soil Constants 614 


JD 422 - 39. Method ot Mechanical Analysis ot soils o l o 

,D 423 - .39. Method of Test for Liquid Limit of Soils fi2i) 

D 424 - 39. Method of Test for Plastic Limit and Plasticity Indc.': of Soil- , o26 

D 425 - 39. Method of Test for Centrifuge Moisture Lijiii valent, of Soil,-- 

D 426 -39. Method of Test for Field Moisture Ecjui valent of Soils . o.' l 

D 427 - 39. Method of Test for Shrinkage Factors of Soils 6 9i 


D 444 - 39. Methods of Chemical Analysis of Zinc N ellow Pigment. ■ Zi!! ' 

Chromate Yellow) 952 

D 448-42T. Spec, for Standard Sizes of Coarse Aggregate for Higliway (.’fin- 

struction (Tentative) i3.55 

D449-42T. Spec, for Asphalt for Dainpproofing and Wateriironiing iTei.ta 

live) 141.3 

D 450-41. Spec, for Coal-Tar Pitch for Roofing, Damjipivxjfing, and Water- 
proofing 6,51 

D 451 - 40. Method of Test for Sieve Analysis of Granular Mineral Surnwing 

for Asphalt Roofing and Shingles 698 

D 452 -40. Method of Test for Sieve Analy.sis of Nongranular Mineral .Sur- 
facing for Asphalt Roofing and Shingles 701 

D 453 - 41. Method of Test for Tar Acids in Creosote and Creo'-uti - Cir.il 'I ar 

Solutions 'SOS 

D 464-42. Method of Test for .Saponification Numlier of Rosin 102.3 

D 465 - 42. Method of Test for Acid Number of Rosin 1021 

D 466 - 42. Methods of Testing Films Dejiosited from Bit urninous Lnu'i-ium. fjf) 1 

D 474- 41, Spec, for Aluminum Pigment Paste for Paint SoO 

"D 475 - 41. Spec, for C.P. Para Red Toner ,St)3 

• D 476 - 41. Spec, for Titanium Dioxide Pigments ,S2f) 

JD 477 - 41. Spec, for Zinc Sulfide Pigments S2^ 

• D 478 - 41. Spec, for C.P. Zinc Yellow (Zinc Chromate) 857 

D 479 - 40. Method of Test for Reactivity of Paint Liquids 10! .3 

D 480 - 44. Methods of Sampling and Testing Aluminum Powder and Paste . . 904 

D 490 - 43 T. Spec, for Tar (Tentative) 1376 

D 491-41. Spec, for Asphalt Mastic for Use in Watcr[)roofing (.\..sphalt Ce- 
ment, Mineral Filler, Mineral Aggregate) 670 

D 509 - 44 T. Methods of Sampling and Grading Rosin (Tentative) 1512 

D 517-40. Spec, for Asphalt Plank 539 

D 520 - 41. Spec, for Zinc Dust (Metallic Zinc Powder) 87.3 

D 521-40. Methods of Chemical Analysis of Zinc Dust (Metallic Zinc Pow 

der) 94v> 

D 522 - 41. Method of Test for Elongation of Attached Lactiuor ( 'oaliiig.- v. itii 

the Conical Mandrel Test Apparatus 106,3 

D 523 - 44 T. Method of Test for Specular Gloss of Paint Finishes {'reiiLaf ive) . 1 5 14 

D 529-39T. Rec. Practice for Accelerated Weathering Test oi' Bituminnu.s 

g Materials (Tentative) 1 449 

JD 544 - 41T Spec, for Preformed Expansion Joint Idllers for Concrete uY<>n- 

extruding and Resilient Types) , . 5(j9 

JD 545 - 41. Methods of Testing Preformed Expansion Joint Fillers for Con- 
crete (Nonextruding and Resilient Types) 518 

fD 546 - 41 . Method of Test for Sieve Analysis of Mineral Filler 516 

D 554-39. Spec, for Amyl Acetate Made from Fusel Oil (85 to 88 per cent 

Grade) 1029 

D 555 - 41 . Methods of Testing Drying Oils 967 

D 556 - 40 T. Spec, for Materials for Stabilized Base Course (Tentative) 1357 


t Approved as American Standard by the American Standards Association. 
1 A ^‘tentative revisinn” nf ihk stfanHnrH nnnf^nr^ in 
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D 557 - 40 T. Spec, for Materials for Stabilized Surface Course (Tentative) .... 1359 
D 558 - 44. Method of Test for Moisture-Density Relations of Soil-Cement 

Mixtures 640 

D 559 - 44. Method of Wetting-and-Drying Test of Compacted Soil-Cement 

Mixtures 643 

D 560 - 44. Method of Freezing-and-Thawing Test of Compacted Soil 

Cement Mixtures 647 

D 561 - 41. Spec, for Carbon Black 842 

D 562 - 44. Method of Test for Consistency of Exterior blouse Paints and 

Enamel-Type Paints 1095 

D 563 - 43 T. Method of Test for Phthalic Anhydride Content of Alkyd Resin 

Solutions (Tentative) 1511 

D 564 - 43. Methods of Testing Liquid Driers 1015 

D 597 - 40 T. Spec, for Cut-Back Asphalt (Rapid Curing Type) (Tentative) . . . 1372 

D 598 - 40 T. Spec, for Cut-Back Asphalt (Medium Curing Type) (Tentative) . . 1374 

D 600 - 43. Spec, for Liquid Paint Driers 991 

D 601 - 41 T. Spec, for Oiticica Oil (Permanently Liquid) (Tentative) 1500 

D 602 - 42. Spec, for Barium Sulfate Pigments 830 

D 603 - 42. Spec, for Aluminum Silicate Pigment 831 

D 604 - 42. Spec, for Diatomaceous Silica Pigment 832 

D 605 - 42. Spec, for Magnesium Silicate Pigment 833 

D 606 - 42. Spec, for Lead Titanate 834 

*D 607-42. , Spec, for Mica Pigment 835 

D 608 -43. Spec, for Dibutylphthalate 1034 

D 609 - 41 T. Method for Preparation of Steel Panels for ExiDOSure Tests of 

Enamels for Exterior Service (Tentative) 1558 

D 610 - 43. Method for Evaluating Degree of Resistance to Rusting Obtained 

with Paint on Iron or Steel Surfaces 1109 

D 631 - 43. Spec, for Slow-Setting Emulsified Asphalt (for Fine Aggregate 

Mixes) 526 

D 632 -43. Spec, for Sodium Chloride 512 

D 633 - 44. Volume Correction Table for Tar and Coal-Tar Pitch 666 

D 653 - 42 T. Def. of Terms and Symbols Relating to Soil Mechanics (Tenta- 
tive) 1406 

D 654 - 42 T. Spec, for Coal-Tar Pitch for Steep Built-Up Roofs (Tentative) . . . 1416 
D 655 - 44 T. Spec, for Asphalt- Saturated and Coated Asbestos Felts for Use 

in Constructing Built-Up Roofs (Tentative) 1420 

D 656 - 43. Spec, for C. P. Toluidine Toner 865 

D 657 - 44. Spec, for Isopropyl Acetate 1040 

D 658 - 44. Method of Test for Abrasion Resistance of Organic Coatings with 

the Air Blast Abrasion Tester 1105 

D 659 - 44. Method of Evaluating Degree o.f Resistance to Chalking of Ex- 
terior Paints of the Linseed-Oil Type 1116 

D 660 - 44. Method of Evaluating Degree of Resistance to Checking of Ex- 
terior Paints of the Linseed-Oil Type 1118 

D 661 - 44. Method of Evaluating Degree of Resistance to Cracking of Ex- 
terior Paints of the Linseed-Oil Type 1121 

D 662 - 44. Method of Evaluating Degree of Resistance to Erosion of Ex- 
terior Paints of the Linseed-Oil Type 1124 

•j'D 666 - 44. Method for Conversion of Kinematic Viscosity to Saybolt Furol 

Viscosity 593 

D 692 - 42 T. Spec, for Crushed Stone, Crushed Slag, and Gravel for Bituminous 

Concrete Base and Surface Courses of Pavements (Tentative).. 1361 
D 693 - 44. Spec, for Crushed Stone and Crushed Slag for Bituminous Mac- 
adam Base and Surface Courses of Pavements 492 

D 694 - 44. Spec, for Crushed Stone, Crushed Slag, and Gravel for Water- 

Bound Macadam Base and Surface Courses of Pavements 495 

D 698 - 42 T. Method of Test for Moisture-Density Relations of Soils (Tenta- 
tive) 1399 

D 699 - 44. Spec, for Asphalt Siding Surfaced with Coarse Mineral Granules . . 688 

D711-43T. Method of Test for Dry to No-Pick-Up Time of Traffic Paint 

(Tentative) 1538 

D 712 - 43 T. Method of Test for Light Sensitivity of Traffic Paint (Tentative) . . 1 540 
D '713 - 43 T. Method of Conducting Road Service Tests on Traffic Paint (Ten- 
tative)..; 1542 


* Emergency Alternate Provisions applying to this standard have been issued and appear in the pink sec- 
n of this book, see p. 1172. 

t Approved as American. Standard by the American Standards Association. 
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D 715 -43 T. 
D 716 -43 T. 
D717-43T. 
D 718-43 T. 
D719-43T. 
D 727 - 43 T. 

D 740 -43 T. 
D 762 - 44 T. 


D 763 - 44 T. 
D764-44T. 
D765-44T. 
D766-44T. 
D 767 - 44 T. 
D 768 ' 44 T. 
D769-44T. 
D770-44T. 
D771-44T. 

D772-44T. 

D 801 - 44 T. 
D 802 - 44 T. 
D 803 - 44 T. 
D 804 - 44 T. 
D SOS' 44 T. 

D806-44T. 

*E 1-44. 

E 1-44T. 
E 4-36. 

E 6-36. 
fE 11-39. 

E 12-27. 

E 13-42. 

E 20-33 T. 

E 24-42. 

E 28-42T. 

E 29 - 40T. 

E 41-42T. 

E 42-42T. 


Method for Evaluating the Degree of Resistance to Rlisfi-riim of 
Organic Coatings on Metal when Subjected to Inirnersion lir 
Other Tests Involving Exposure to Moisture or Liiiuirls ( i’en- 

tative) 

Methods of Analysis of Barium Sulfate Pigments (Tentative! . . 

Methods of Analysis of Mica Pigment (Tentative) . . . 

Methods of Analysis of Magnesium Silicate Pigrricnt (Teiita! b. c’ 
Methods of Analysis of Aluminum Silicate Pigment ('Fentai ive; . 
Methods of Analysis of Diatomaceous Silica Piginenl ('t'vut T i'. e' 
Method of Test for Kerosine Number of Roofu\g and 

Felt by the Vacuum Method (Tentative) 

Spec, for Methyl Ethyl Ketone (Tentative) 

Method of Test for Hot Extraction of Asphallic Maleri.iU ami 
Recovery of Ilituraen by the Modiiied .Vbson I ’rue ct lure 'Tt n- 

tativc) 

Spec, for Raw Urnber (Tentative) 

Spec, for Burnt Umber (Tentative) 

Spec, for Raw Sienna (Tentative) 

Spec, for Burnt Sienna (Tentative) 

Spec, for Venetian Red (Tentative) 

Spec, for Yellow Iron Oxide, Hydrated ('J'entative) 

Spec, for Black Synthetic Iron O.xide ('rc-nlati’. e) 

Spec, for Isopropyl Alcohol (Tentative) 

Method of Test for Daylight 45 Degree, 0 Degree .Vp.iaiaui Re- 
flectance of Paint Finishes (Tentative) 

Method of Evaluating Degree of Resistance to Flaking f Scaling j 
of Exterior Paints of the Lin.seed-OiI fl'ype (TentutiviM ... . 
Methods of Sampling and Testing Dipentene (I’entativ.'i . . . . 

Methods of Sampling and Testing Pine Oil (T'eiilalive) 

Methods of Testing Tall Oil (Tentative) 

Dcf. of Terras Relating to Tall Oil (Tentalive) 

Methods of Testing Veneer, Plywood, and Other Wood. ;tnd Wotcl- 

Base Materials (Tentative) 

Method of Test for Cement Content of Soil-Cement .Mi.vtures 

(Tentative) 

Spec, for A.S.T.M. Thermometers 

Spec, for A.S.T.M. Thermometers (Tentative)*^ 

Methods of Verification of Testing Machines 

Def. of Terms Relating to Methods of Testing 

Spec, for Sieves for Testing Purposes (Wire Cloth Sieves, Round- 

Hole and Sc|uare-Hole Screens or Sieves) 

Def. of Terms Relating to Specific Gravity 

Def. of the Term Screen (Sieve) ’ 

Method of Test for Particle Size Distribution of .Sub.sicve Size 

Particulate Substances (Tentative) 

Def. of Terms Relating to Rheological Properties of Matter 

Method of Test for Softening Point (Ball and Shouldered Ring 

Apparatus) (Tentative) 

Rec. Practices for Designation of Numerical Requirements in 

Standards (Tentative) ", 

Definitions with Procedures Relating to Conditioning and 

Weathering (Tentative) 

Rec. Practice for Characteristics of Standard Carbon Arc Ac- 
celerated Weathering Unit (Tentative) 


l.y-q 

14S4 

14'?! 
1 1'U 
MAH 

M47 

1.\14 


13H6 

1476 

1477 
M7.S 
1476 
MHO 
1482 
U72 
1,^41 


l.V)3 
1.H7 
1 .=121) 
152-1 
1.\12 

M.5.1 

Mf)2 

1129 

I. 567 

II. 53 
1162 

1146 

1167 

1169 

1575 

1170 


15S0 

1585 

1595 

1593 


EMERGENCY STANDARDS 

A List in Numeric Sequence of the Emergency Standards applying to nonmetallic 
materials— constructional, appears in the pink section on page 1172. 

EMERGENCY ALTERNATE PROVISIONS 

A List in Numeric Sequence of the Emergency Alternate Provisions applying to non- 
metalhc materials — ^constructional, appears in the pink section on page 1172. 

tion d’tMs b^ook^see^”^ applying to this standard have been issued and appear in the pink sec- 

1 as American Standard by tlie American Standards Association. 

E 1 - M ^ revision of, and, when adopted, is to be added to Standard Specifications 



Standard Specifications for 
PORTLAND CEMENT^ 



A.S.T.M. Designation; C 150 - 44 

Adopted, 1941; Revised, 1942, 1944.2 

This Standard of the American, Society for Testing Materials is issued under 
the fixed designation C 150; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover five 
tjpes of Portland cement, as follows: 

Type I . — For use in general concrete 
construction when the special properties 
specified for types II, III, IV, and V are 
not required. 

Type II . — For use in general concrete 
construction exposed to moderate sulfate 
action, or where moderate heat of hydra- 
tion is required. 

Type III , — For use when high early 
strength is required. 

Type IV . — For use when a low heat 
of hydration is required (Note). 

Type V . — For use when high sulfate 
resistance is required (Note). 

Note. — Attention is called to the fact that 
cements conforming to the requirements for 
type IV and type V are not usually carried in 
stock. In advance of specifying their use, pur- 
chasers or their representatives should deter- 
mine whether these types of cement are, or can 
be made available. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-1 on Cement. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1940 to 1941, being re- 
vised in 1941. 

These specifications replace the former Standard Speci- 
fications for Portland Cement (C 9 - 38), and High-Early- 
Strength Portland Cement (C 74 - 39), which were accord- 
ingly discontinued in September, 1941. 


Basis of Purchase 

2. The purchaser should specify the 
type or types desired. When no type is 
specified, the requirements of type I 
shall govern. 

Definition 

3. For the purpose of these specifica- 
tions, Portland cement is the product 
obtained by pulverizing clinker consist- 
ing essentially of hydraulic calcium sili- 
cates, to which no additions have been 
made subsequent to calcination other 
than water and/or untreated calcium 
sulfate, except that additions not to ex- 
ceed 1.0 per cent of other materials may 
be interground with the clinker at the 
option of the manufacturer, provided 
such materials in the amounts indicated 
have been shown to be not harmful by 
tests carried out or reviewed by Com- 
mittee C-1 on Cement^ (Note). 

Note. — ^Tests to determine whether a pro- 
posed addition is not harmful will be carried out 
or reviewed by Committee C-1 on Cement, for 

3 The committee has declared as not harmful the inclu- 
sion of the material known commercially as TDA (com- 
posed of triethanolamine and highly purified soluble cal- 
cium salts of modified lignin sulfonic acids), manufactured 
by the Dewey and Almy Chemical Co., when added in an 
amount not exceeding 0.043 per cent by weight of the ce- 
ment, except that in type HI cement a maximum of 0.08 
per cent by weight may be used. 
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those maldng requests. In the year following 
that in which an addition has been declared not 
harmful by the Committee, the name of the ad- 
dition and the amount permitted shall appear 
as an addendum to Section 3 in a revision of the 
specifications. 

Chemical Requirements 

4. Portland cement of each of the five 
types shown in Section 1 shall conform 
to the respective chemical requirements 
prescribed in Table I. 


consist of 376 lb. net. All packages shall 
be in good condition at the time of in- 
spection. 

Storage 

7. The cement shall be stored in such 
a manner as to permit easy access for 
proper inspection and identification of 
each shipment, and in a suitable weather- 
tight building that will protect the 
cement from dampness and minimize 
warehouse set. 


table i.-chemical requirements. 



Type I 

Type n 

Type III 

Type IV'* 

Type V“ 

, ,r..„ . . 


21.0 



24.0 

Aluminum oxide (AI2O3), max., per cent 



6.0 




Ferric oxide (FeaOs), max., per cent 



6.0 


6.5 

4.0 

Magnesium oxide (MgO), nia.x., per cent 


5.0 

5.0 

S.O 

5.0 

4.0 

Sulfur trioxide (SO3), max., per cent 


2.0 

2.0 

2.5 

2.0 

2.0 

Loss on ignition, max., per cent 


3.0 

3.0 

3.0 


3.0 

Insoluble residue, max., per cent 


0.75 

0.75 

0.75 

0.75 

0.75 

Ratio of AlsOa to Fe203 



0.7 to 2.0 



0.7 to 2.0 

Tricalcium silicate (dCaO-SiO"),, max., per cent 



50 


35 ' 


Dicalcium silicate (2CaO-Si02),''min., per cent 





40 


Tricalcium aluminate (3CaO- AI2O3),'' raa.x., per cent 



s' 

A ' 


5 ' 


" See Mote, Section 1. 

^ The c.xpressing of chemical limitations by means of calculated assumed compounds does not necessarily mean that 
the oxides are actually or entirely present as such compounds. 

The percentages of tricalcium silicate, dicalciiim silicate, and tricalcium aluminatc shall he calculated from the chemi- 
cal analysis as follows: 

Tricalcium silicate = 

(4.07 X per cent CaO) — (7.00 X per cent SiOj) 

— (6.72 X per cent AI2O3) — (1.43 X per cent FeaOa) — (2.85 X per cent SO3) 

Dicalcium silicate = 

(2.87 X per cent SiOa) - (0.754 X per cent 3CaO-SiOa) 

Tricalcium aluminate = 

(2.65 X per cent AI2O3) — (1.69 X per cent FciOa) 

Oxide determinations calculated to the nearest 0.1 per cent shall be used in the calculations. Compound percentages 
shall he calculated to the nearest 0,1 per cent and reported to the nearest 1 per cent. 


Physical Requirements 

5. Portland cement of each of the five 
types shown in Section 1 shall conform 
to the respective physical requirements 
prescribed in Table II. 

Packaging and Marking 

6. When cement is delivered in pack- 
ages, the name and brand of the manu- 
facturer and the type under these speci- 
fications shall be plainly indicated there- 
on, except that in the case of type I the 
type need not be indicated. Similar in- 
formation shall be provided in the ship- 
ping advices accompanying the shipment 
of packaged or bulk cement. A bag 
shall contain 94 lb. net. A barrel shall 


Inspection 

8. Every facility shall be provided 
the purchaser for careful sampling and 
inspection, either at the mill or at the 
site of the work, as may be specified by 
the purchaser. The following periods 
from time of sampling shall be allowed 
for completion of testing: 

1-day test 6 days 

3-day test 8 days 

7-day test 12 days 

28-day test 33 days 

Rejection 

9. {a) The cement may be rejected 
if it fails to meet any of the requirements 
of these specifications. 

(b) Cement remaining in bulk storage 
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at the mill, prior to shipment, for a 
period greater than 6 months after com- 
pletion of the tests may be retested and 
may be rejected if it fails to conform to 
any of the requirements of these specifi- 
cations. 

(c) Packages varying more than 5 per 
cent from the specified weight may be 


accordance owith the following methods 
of the American Society for Testing 
Materials: 

(a) Sampling . — Standard Methods of 
Sampling Hydraulic Cement (A.S.T.M. 
Designation: C 183),'‘ 

Q}) Chemical Analysis : — Standard 

Methods of Chemical Analysis of Port- 


TABLE II.— PHYSICAL REQUIREMENTS. 



Type I 

Type II 

Type HI 

Type IV« 

Type V® 

Fineness, specific surface, sq. cm. per g.: 

Average value, min 

1600 

1700 


1800 

1800 

Minimum value, any one sample 

1500 

1600 

... 

1700 

1700 

Soundness: 

Autoclave expansion, max., per cent 

0.50 

O.SO 

0.50 

O.SO 

0.50 

Time of setting (alternate methods):** 

Gillmore test: 

Initial set, min., not less than 

60 

60 

60 

60 

60 

Final set, hr., not more than 

10 

10 

10 

10 

10 

Vicattest: 

Initial set, min., not less than 

45 

45 

45 

45 

43 

Final set, hr., not more than 

10 

10 

10 

10 

10 

Compressive strength, psi.:' 

The compressive strength of mortar cubes, composed of 1 part 
cement and 2.75 parts graded standard sand, by weight, pre- 
pared and tested in accordance with Method C 109, shall be 
equal to or higher than the values specified for the ages indi- 
cated below: 

1 day in moist air 

1 day in moist air, 2 days in water 

900 

750 

1250 

2500 



1 day in moist air, fi days in water 

1 day in moist air, 27 days in water 

1800 

3000 

1500 

3000 

i- 

800 

2000 

loob 

2200 

Tensile strength, psi.:® 

The tensile strength of mortar briquets composed of 1 part 
cement and 3 parts standard sand, by weight, prepared and 
tested in accordance with Method C 190, shall be equal to or 
higher than the values specified for the ages indicated below: 

1 day in moist air 



275 



1 day in moist air, 2 days in water — 

'l50 

'125 

375 



1 day in moist air, 6 days in water 

275 

250 


'l75 

'iVs 

1 day in moist air, 27 days in water 

350 

32S 


300 

300 


“ See Note, Section 1 . 

^ The purchaser should .specify the type of setting time test required. In case he does not so specify, the requirement 
of the Gillmore test only shall govern. 

° The purchaser should specify the type of strength test required. In case he does not so specify, the requirements 
of the tensile strength test only shall govern. The strength at any age shall he higher than the strength at the next 
preceding age. Unless otherwise specified, the compressive and tensile strength tests for types I and II cement will 
be made only at 3 and 7 days. If, at the option of the purchaser, a 28-day test is required on type III 
cement, the strength at 28 days shall be higher than at 3 days. 


rejected; and if the average weight of 
packages in any shipment, as shown by 
weighing 50 packages taken at random, is 
less than that specified, the entire ship- 
ment may be rejected. 

Methods of Testing 

10. The cement shall be sampled and 
the properties enumerated in these 
specifications shall be determined in 


land Cement (A.S.T.M. Designation: 
C 114-44)^ and Tentative Methods of 
Chemical Analysis of Portland Cement 
(A.S.T.M. Designation: C114-44T).^ 
(c) Fineness . — Standard Method of 
Test for Fineness of Portland Cement by 
tire Turbidimeter (A.S.T.M. Designa- 
tion: C 115).^ 

{d) Autoclave Expansion : — -Standard 

■1 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front or book. 
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Method of Test for Autoclave Expansion 
of Portland Cement (A.S.T.M. Desig- 
nation; C lSl)d 

(e) Time of Setting , — Standard 
Methods of Test for Time of Setting of 
Hydraulic Cement by the Vicat or Gill- 
more Needles (A.S.T.M. Designation: 
C 191).' 


if) Compressive Strength . — Standard 
Method of Test for Compressive 
Strength of Hydraulic-Cement Mortars 
(A.S.T.M. Designation; C109).' 

{g) Tensile Strength . — Standard 
Method of Test for Tensile Strength of 
H)Mraulic-Cement Mortars (A.S.T.M. 
Designation: C 190).' 



Standard Specifications fior 
NATURAL CEMENT^ 



A.S.T.M. Designation: C 10 -37 
Adopted, 1904; Revised, 1908, 1909, 1937.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 10; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover natural 
cement. 

Definition 

2. Natural cement is the product ob- 
tained by finely pulverizing calcined 
argillaceous limestone, to "which not to 
exceed 5 per cent of nondeleterious ma- 
terials may be added subsequent to 
calcination. The temperature of cal- 
cination shall be no higher than is neces- 
sary to drive off carbonic acid gas. 

Fineness 

3. The residue on a standard No. 
200 (74-micron) sieve shall not exceed 15 
per cent by weight. 

Soundness 

4. A pat of neat cement, about 3 in. 
in diameter, and 0.5 in. in thickness at 
the center and tapering to a thin edge, 
shall be kept in moist air for a period of 
48 hr. The pat shall then be placed in 
an atmosphere of steam at a tempera- 
ture between 98 and 100 C. on a suit- 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-1 on Cement. 

’ Editorially revised in 1939. 


able support 1 in. above boiling water 
for 5 hr. and shall show no signs of dis- 
tortion, cracking, checking, or disinte- 
gration upon removal from the steam 
chest. 

Time of Setting 

5. The cement shall not develop initial 
set in less than 10 min. when the Vicat 
needle is used or in less than 20 min. 
when the Gillmore needle is used. Final 
set shall be attained within 10 hr. 

Tensile Strength 

6. (a) The average tensile strength of 
not less than three standard mortar 
briquets (see Section 11) composed of 
one part of cement and two parts of 
standard sand, by weight, shall be equal 
to or higher than the following: 

Age at Storage of Specimens Tensile 

Test, Stbength, 

DAYS PSI. 

7 1 day in moist air, 6 days in water 75 

28 1 day in moist air, 27 days in water. . . 150 

(&) The average tensile strength of 
standard mortar at 28 days shall be 
higher than the strength at 7 days. 

Packages and Marking 

7. The cement shall be delivered in 
packages as specified with the brand and 
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name of the manufacturer plainly 
marked thereon, unless shipped in bulk. 
When shipped in bulk, this information 
shall be contained in the shipping ad- 
vices accompanying the shipment. A 
barrel shall contain 282 lb. net. All 
packages shall be in good condition at 
the time of inspection. 

Storage 

8. The cement shall be stored in such 
a manner as to permit easy access for 
proper inspection and identification of 
each shipment, and in a suitable weather- 
tight building which will protect the 
cement from dampness. 

Inspection 

9. Every facility shall be provided the 
purchaser for careful sampling and in- 
spection either at the mill or at the site 
of the work, as may be specified by the 
purchaser. At least 12 days from the 
time of sampling shall be allowed for 
completion of the 7-day test and at least 
33 days shall be allowed for completion 
of the 28-day test. 

Rejection 

10. (a) The cement may be rejected 
if it fails to conform to any of the re- 
quirements of these specifications. 

(6) Cement remaining in storage prior 
to shipment for a period greater than 6 
months after completion of the tests 
shall be retested and shall be rejected if 
it fails to conform to any of the require- 
ments of these specifications. 

(c) Cement shall not be rejected on 
account of failure to conform to the 
fineness requirement if upon retest after 
drying at 100 C. for 1 hr. it meets this 
requirement. 

(d) Cement failing to meet the test 
for soundness in steam may be accepted 
if it passes a retest using a new sample 
at any time within 28 days thereafter. 


The provisional acceptance of the ce- 
ment at the mill shall not deprive the 
purchaser of the right of rejection on a 
retest of soundness and time of setting 
at the time of delivery of cement to 
the purchaser. 

Methods of Testing'’ 

11. The cement shall be sampled and 
the properties enumerated in these speci- 
fications shall be determined in accord- 
ance with the following methods of the 
American Society for Testing Materials, 
except as otherwise prescribed in these 
specifications: 

(a) SampUng.—StmchTd Methods of 
Sampling Hydraulic Cement (.“\.S.T,M. 
Designation: C 183).’^ 

(b) Fineness . — Standard Method of 
Test for Fineness of Hydraulic Cement 
by the No. 200 Sieve (A.S.T.M. Desig- 
nation: C 184).‘ 

(c) Soundness . — Standard Method of 
Test for Soundness of Hydraulic Cement 
Over Boiling Water (Pat Test) (A.S. 
T.M. Designation: C 189),* e.xcept that 
immediately after being made the pat 
shall be stored in moist air for 48 hr. 
and then placed in an atmosphere of 
steam at a temperature between 98 and 
100 C. on a suitable support 1 in. above 
boiling water for 5 hr. 

{d) Time of Setting . — Standard Meth- 
ods of Test for Time of Setting of Hy- 
draulic Cement by the Vicat or Gillmore 
Needles (A.S.T.M. Designation: C 191).’ 

(e) Tensile Strength . — Standard 

Method of Test for Tensile Strength of 
Hydraulic-Cement Mortars (A.S.T.M. 
Designation: C 190),* except that the 
proportions of the standard mortar shall 
be one part of cement to two parts of 
standard sand, by weight. 


5 This section was editorially revised in 1944. 

4 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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MASONRY CEMENTV 



A.S.T.M. Designation: C 91 -40 
Adopted, 1940.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C91; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover cement 
to be used in conjunction with sand in 
the making of mortar for laying units 
of masonry construction. 

Time of Setting 

2. Neat cement paste mixed to nor- 
mal consistency shall not develop initial 
set in less than 60 min. as determined 
by the Gillmore needle. Final set shall 
be attained within 24 hr. 

Soundness 

3. A pat of neat cement shall remain 
firm and hard, and show no signs of 
distortion, cracking, checking, or disin- 
tegration in the steam test for soundness. 

Compressive Strength 

4. The average compressive strength 
of not less than three 2-in. cubes, made, 
stored, and tested in accordance with 
Sections 19 to 25, shall be not less than 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-1 on Cement. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1932 to 1940, being re- 
vised in 1938 and 1940. Editorially revised in 1944. 


350 psi. at the age of 7 days. The 
average strength at 28 days shall be not 
less than 600 psi. 

Water Retention 

5. Cement mortar after suction for 
60 sec. shall have a flow greater than 
65 per cent of that immediately after 
mixing, when tested in accordance with 
the procedure described in Section 26. 

Staining 

6. This requirement shall apply only 
when the invitation for bids specifically 
states that the cement shall be non- 
staining to limestone. Nonstaining ce- 
ment shall contain not more than 0.03 
per cent of water-soluble alkali” when 
tested in accordance with Section 27. 

Note. — The amount and nature of the stain- 
ing material in limestones seem to vary with 
the stone. The allcali in any cement may, 
therefore, induce markedly different staining 
on different stone, even though the stone may 
have come apparently from the same source. 
The amount of alkali permitted by the specifica- 
tions should not cause stain unless stone high 
in staining material has been used, or unless 
insufficient means have been used to prevent 
infiltration of water into the masonry. 


A “tentative revision” of this standard appears in the Tenta- 
tive Revisions of Standards section at the back of this book. 
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Packaging and Marking 

7. The cement shall be delivered in 
suitable bags or barrels with the brand 
and name of the manufacturer and the 
net weight plainly marked thereon. 
All packages shall be in good condition 
at the time of inspection. Packages 
varying more than 5 per cent from the 
weight marked thereon may be re- 
jected, and if the average weight of 
packages in any shipment as shown by 
weighing 50 packages taken at random 
is less than the weight marked thereon, 
the entire lot represented may be 
rejected. 

Storage 

8. The cement shall be stored in a 
suitable weathertight building that will 
protect it from dampness, and in such a 
manner as to permit safe and easy access 
for proper inspection and identification 
of each lot. 

Inspection 

9. Every facility shall be provided 
the purchaser for the necessary inspec- 
tion and sampling. 

Rejection 

10. The cement shall be rejected if it 
fails to meet any of the requirements of 
these specifications. Cement remaining 
in storage prior to shipment for a, period 
greater than 6 months after test shall be 
retested, and shall be rejected if it fails 
to meet any of the requirements of these 
specifications. 

Sampling and Methods 
OF Testing 

Size and Number of Samples 

11. Each sample of cement selected 
for purpose of tests shall weigh at least 
5 lb. and shah, represent not more than 
300 bbl. If only one sample is taken, 
it shall weigh at least 10 lb. 


Shipment of Samples 

12. Samples shall be shipped and 
stored in airtight, moistureproof con- 
tainers. 

Temperature 

13. The temperature of the room and 
dry materials shall be maintained at 
not less than 20 C. (68 F.) and not more 
than 27.5 C. (81.5 F.). The tempera- 
ture of the mixing water, moist closet, 
and water in the briquet storage tank 
shall not vary from 21 C. (70 F.) by 
more than 1,7 C (3 F.). 

Preparation of Samples 

14. The sample of cement shall be 
given a preliminary sieving by being 
passed through a No. 20 (840-micron) 
sieve® in order to thoroughly mix the 
sample, break up lumps, and remove 
foreign materials. 

Mixing 

15. (a) Pastes.~A 500-g. portion of 
the cement shall be placed in the form 
of a crater on a plane, nonabsorbent 
plate. About one half of the necessary 
mixing water shall be poured into the 
crater, the cement mixed into the water 
with the finger tips until all the water 
is taken up by the cement, the remainder 
of the water added, and the paste then 
mixed with the fingers until all the water 
is absorbed. The mixing operation shall 
then be completed by continuously and 
vigorously squeezing and kneading the 
paste with the hands for at least 3 min. 
During the operation of mixing, the 
hands shall be protected by rubber 
gloves. 

(6) Mortars , — The mortars shall be 
mixed in a nonabsorbent bowl of about 
l-gal. capacity. A measured quantity 

5 Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves forTesting Purposes 
(A.S.T.M. Designation: E 11), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 
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of water shall be poured into the bowl 
which has previously been wiped with a 
damp cloth. A 500-g. portion of the 
cement shall then be added and stirred 
into the water with the fingers of one 
hand until all the cement is wetted. 
Approximately 800 g. of sand shall 
then be added and the stirring continued 
for 30 sec. The remainder of 1500 g. 
of sand shall then be added and the 
mortar mixed for 75 sec. by vigorous 
and continued stirring, squeezing, and 
kneading with one hand. The mortar 
shall then be allowed to stand for 60 
sec. and then mixed for another 60 sec. 
During the operation of mixing, the 
hands shall be protected by rubber 
gloves. 

Normal Consistency^ 

16. Normal consistency shall be de- 
termined by the Vicat apparatus in 
accordance with the Standard Method 
of Test for Normal Consistency of 
Hydraulic Cement (A.S.T.M. Desig- 
nation; C 187),® except that the mixing 
of the paste shall be performed in ac- 
cordance with Section 15 {a) of these 
specifications. 

Time of Setting Test‘‘ 

17. The time of setting shall be de- 
termined by the Gillmore needle method 
in accordance with the Standard Meth- 
ods of Test fox Time of Setting of Hydrau- 
lic Cement by the Vicat or Gillmore Nee- 
dles (A.S.T.M. Designation; C 191),® 
except that the mixing of the paste shall 
be performed in accordance with Section 
15 (a) of these specifications. 

Soundness Test* 

18. Pats of neat cement, made and 
tested in accordance with the Standard 
Method of Test for Soundness of Hy- 
draulic Cement over Boiling Water 
(Pat Test) (A.S.T.M. Designation; C 

^ This section was editorially revised in 1944, 

0 Appears in this publication, see Contents in Numeric 
Sequence pi A.S.T.M. Designations at tront q{ book. 


189),® except that the pastes shall be 
prepared in accordance with Section 15 
(a) of these specifications, shall remain 
fiirm and hard and show no signs of dis- 
tortion, checking, cracking, or disinte- 
gration. 

Compressive Strength Test 

19. Molds (a ). — The compression test 
specimens shall be 2~in. cubes. Molds 
for the specimens shall be tight fitting. 
The parts of the molds, when assembled, 
shall be positively held together. The 
molds shall be made of hard metal not 
attacked by the cement mortar. For 
new molds, the Rockwell hardness num- 
ber of the metal shall be not less than 
B55 (the Brinell hardness number not 
less than 95). There shall be sufficient 
material in the sides of the molds to 
prevent spreading or warping. 

(d) The interior faces of the molds 
shall be true plane surfaces with a 
permissible variation of 0.001 in. for 
new molds and 0.002 in. for molds 
in use. 

(c) The distances between opposite 
faces of the molds shall he 2 zt 0.005 
in. for new molds, or 2 ± 0.01 in. for 
molds in use. The height of the molds, 
measured separately for each cube 
compartment, shall be 2 in. with a 
permissible variation of plus 0.01 in. 
and minus 0.005 in. for new molds, or 
plus 0.01 in. and minus 0.015 in. for 
molds in use. 

(d) The angle between adjacent in- 
terior faces and between interior faces 
and top and bottom planes of the mold 
shall be 90 ± 0.5 deg. 

(e) Molds shall be oiled with a mineral 
oil before using. 

20. Standard Sand } — ^The sand used 
for making test specimens shall be nat- 
ural silica sand from Ottawa, 111., graded 
to pass a No. 20 (840-micron) sieve and 
retained on a No. 30 (590-micron) 

&This section was added editorially in 1944. 
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sieve This sand shall be considered 
standard when not more than 15 g. are 
retained on the No. 20 sieve, and not 
more than 5 g. pass the No. 30 sieve after 
5 min. of continuous sieving of a 100-g. 
sample in the manner specified for sieving 
cement in the Standard Method of Test 
for Fineness of Hydraulic Cement by the 
No. 200 Sieve (A.S.T.M. Designation: C 
184).= 

21. (a) Proportions for Standard Mor- 
The mortar shall consist of 1 
part of cement to 3 parts of standard 
sand by weight. 

(5) Preparation of Standard Mortar . — 
The mortar shall be mixed with a 
measured quantity of water in accord- 
ance with the procedure described in 
Section IS {b). The top of the flow 
table (Paragraph (c)) shall be carefully 
wiped dry and the flow mold placed 
at the center and filled with mortar. 
In filling the mold, the mortar shall 
not be rammed, but gently smoothed off 
level with the top of the mold by aid 
of a trowel and the mold then removed. 
Immediately, the table shall be dropped 
through a height of \ in., 25 times in 
IS sec. The flow is the resulting in- 
crease in diameter of the mortar mass, 
expressed as a percentage of the original 
diameter. The mortar shall be of 
standard consistency when the flow is 
65 to 80 per cent. Trial mortars shall 
be made with varying percentages of 
water until the standard consistency is 
obtained. Each trial shall be made 
with fresh mortar. The quantity of 
water shall be expressed as a percentage 
of the weight of the combined dry 
materials. 

(c) Flow Table . — The flow table ap- 
paratus consists of a rigid frame with a 
flat circular top, so mounted on a 
vertical shaft that it can be raised and 
dropped through a fixed height of ± 
in. by means of a rotated cam. The 
top shall be of noncorrodible metal 10 


in. in diameter and with the attached 
shaft shall weigh 9 lb. ± 1 oz. The 
frame shall be attached rigidly to a 
concrete pedestal, which in turn shall be 
attached rigidly to the floor. The con- 
crete pedestal shall be at least 8 in. 
in diameter and 25 in. in height and 
shall weigh at least 100 lb. The mold 
shall be of a noncorrodible materia], 
4 in. in inside diameter at the base, 2f 
in. at the top, and 2 in. in height. 

22. Molding of Test Cubes.- Im- 

mediately after mixing the standard 
mortar in accordance with the procedure 
described in Sections 15 and 21, the 
mortar shall be placed in the cube 
molds which shall rest on plane, non- 
absorbent plates. The molds shall be 
filled heaping full without compacting. 
Then the mortar shall be gently worked 
into the molds with the thumbs, using 
only sufiflcient effort to insure uniform 
filling of the molds. Additional mortar 
shall be heaped above the molds and 
smoothed off with a trowel. The molds 
and plates shall then be turned over 
upon plane, nonabsorbent plates oiled 
with mineral oil, the first plates re- 
moved, and the operation of heaping, 
thumbing, and smoothing off repeated. 
No ramming or tamping shall be used, 
nor any troweling in excess of that 
required to smooth off the specimens. 

23. Storage of Test Cubes . — All test 
specimens, immediately after molding, 
shall be kept in the molds on plane 
plates in a damp closet, maintained 
at a relative humidity of 90 per cent or 
more, for from 48 to 52 hr. in such a 
manner that the upper surfaces shall 
be exposed to the moist air. The cubes 
shall then be removed from the molds 
and placed in the damp closet for 5 
days in such a manner as to allow free 
circulation of air around at least five 
faces of the specimens. At the age of 7 
days the cubes for the 28-day tests 
shall be immersed in clean running 
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water in storage tanks of noncorrodible 
materials. 

24. Testing of Cubes (a ). — The testing 
machine for determination of the com- 
pressive strength may be of either the 
hydraulic or the screw-type with suffi- 
cient opening between the upper bearing 
surface and the lower bearing surface 
of the machine to permit the use of 
verifying apparatus. The load applied 
to the test specimen shall be indicated 
with an accuracy of plus or minus 1.0 
per cent. 

(b) The upper bearing shall be a 
spherically seated, hardened metal block 
firmly attached at the center of the 
upper head of the machine. The center 
of the sphere shall lie at the center of 
the surface of the block in contact with 
the specimen. The block shall be 
closely held in its spherical seat, but 
shall be free to turn in any direction. 
The diagonal or diameter of the bearing 
surface shall be only slightly greater 
than the diagonal of the face of the 2-in. 
cube, in order to facilitate accurate cen- 
tering of the specimen. A hardened 
metal bearing block shall be used 
beneath the specimen to minimize wear 
of the lower plate of the machine. The 
bearing block surface intended for 
contact with the specimen should have a 
hardness not less than Rockwell num- 
ber C60 (Brinell number 620). These 
surfaces shall not depart from plane 
surfaces by more than 0.0005 in. when 
the blocks are new, and shall be main- 
tained within a permissible variation 
of 0.001 in. 

(c) Testing of the cube specimens shall 
be carried out immediately upon their 
removal from the moist closet for 7-day 
specimens, and from storage water for 
all other specimens. If more than one 
specimen at a time is removed from the 
storage water for testing, these cubes 
shall be placed in a pan of water of 
sufficient depth to completely immerse 


each cube until its removal for testing. 
The load shall be applied to the faces 
of the cubes that were in contact with 
the true plane surfaces of the mold. 
These faces shall be checked by appli- 
cation of an accurate straightedge. 
If appreciable curvature is present, the 
face or faces shall be ground to a plane 
surface before loading, or the specimens 
shall be discarded. 

(d) Loose sand grains or incrustations 
shall be removed from the contact 
faces, and the cubes shall then be care- 
fully placed in the testing machine 
below the center of the upper bearing 
block. No cushioning or bedding ma- 
terials shall be used. The loading up 
to 25 per cent of the expected maximum 
load may be applied at any convenient 
rate, after which the specimens shall be 
loaded continuously to failure at a rate 
or rates which shall at no time be less 
than 1000 nor more than 6000 psi. 
per min. 

25. Calculations . — The total maximum 
load indicated by the testing machine 
shall be recorded, and the compressive 
strength calculated in pounds per square 
inch from the cross-sectional area of the 
cube tested. Cubes that are mani- 
festly faulty or that give strengths 
differing by more than 10 per cent from 
the average value of all test specimens 
made from the same sample and tested 
at the same period shall not be con- 
sidered in determining the compressive 
strength. 

Water Retention Test 

26. (a) Apparatus . — For the water 
retention test, an apparatus essentially 
the same as that shown in Fig. 1 shall 
be used. This apparatus consists of a 
water aspirator controlled by a mercury 
column relief and connected by way of a 
three-way stopcock to a funnel upon 
which rests a perforated dish. A mer- 
cury manometer, connected as shown in 
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Fig. 1, indicates the vacuum. A rubber 
gasket shall be sealed to the top of the 
funnel and shall be kept wet durmg a 
test to insure a seal between the funnel 
and dish. The perforated dish shall be 
made of nonabsorbent material. Hard- 
ened filter paper equivalent to Carl 


diately after making the flow test, the 
mortar on the flow table shall be re- 
mixed for 30 sec. with that remaining 
in the mixing bowl. Immediately after 
remixing, the mortar shall be uniformly 
distributed without compacting over 
the sheet of dampened filter paper in 



■Mercury 


Fig. 1.— Apparatus Assembly for the Water Retention Test. 


Schleicher and Schull filter paper No. 
575 shall be used. It shall be of such 
diameter that it will lie flat and com- 
pletely cover the bottom of the dish. 

(&) Method.—Tht mortar shall be 
mixed to a flow of from 100 to 115 
per cent in accordance with the pro- 
cedure described in Section 21. Imme- 


the perforated dish and the surface 
leveled off flush with the rim of the dish 
by drawing a straightedge across the 
dish with a slightly sawing motion. 
The dish shall then be seated on the 
wetted gasket, and with the mercury 
column set at 2 in., the stopcock shall 
be turned to apply the vacuum to the 
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funnel. After suction for 60 sec., the 
stopcock shall be quickly turned to 
expose the funnel to atmospheric pres- 
sure. The contents of the dish shall 
then be immediately removed by means 
of a putty knife or square-end spatula 
and placed in the mold on the flow 
table. As each portion of mortar is 
placed in the mold it shall be well 
puddled with glove-covered fingers. 
When the mold is filled, the mortar 
shall be smoothed off level with the top 
of the mold, using the edge of a trowel, 
and the flow determined as previously. 
The entire operation shall be carried 
out without interruption and as quickly 
as possible and shall not require more 


than 7 min. for completion, starting 
from the completion of the mixing 
of the mortar for the first flow deter- 
mination. Both flow determinations 
shall be made in accordance with the 
procedure described in Section 21 (&), 
special care being taken to fill the mold 
uniformly when obtaining the flow 
after suction. 

Staining Test (Determination of Water- 

Soluble Alkali) 

27- Water-soluble alkali shall be deter- 
mined in accordance with Section 20 
of the Standard Methods of Chemical 
Analysis of Portland Cement (A.S.T.M. 
Designation: C 114).® 



Standard Methods of 

CHEMICAL ANALYSIS OF PORTLAND CEMENT* 



A.S.T.M. Designation: C 114-44 

Adopted 1939; Revised 1940, 1942, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 114; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods outline procedures 
for the chemical analysis of portland 
cement. The procedures appear in the 
following order: 


Phosphorus Pentoxide, Alternate 

Method 38 and 39 

Manganic 0.xide, Alternate Method. 40 and 41 
Free Calcium Oxide, Alternate 

Method 42 and 43 

Recommended Order for Reporting 
Analysis 4*1 


Section 

Silicon Dioxide ;••••. — ^ 

Aluminum Oxide and Ferric Oxide. . 9 

Ferric Oxide 10 and 11 

Aluminum Oxide 12 

Calcium Oxide 13 

Magnesium Oxide 14 and 15 

Sulfur Trioxide 16 

Loss on Ignition 17 

Sodium Oxide and Potassium Oxide . 18 and 19 

W ater-Soluble Alkali 20 

Phosphorus Pentoxide 21 and 22 

Manganic Oxide 23 and 24 

Insoluble Residue 25 

Chloroform-Soluble Organic Sub- 
stances 26 and 27 

Free Calcium Oxide 28 and 29 

Silicon Dioxide, Alternate Method . . 30 

Calcium Oxide, Alternate Method . . 31 and 32 
Magnesium Oxide: 

Alternate Method A 33 

Alternate Method B 34 and 35 

Alternate Method C 36 and 37 


1 Under tlie standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-1 on Cement. 

2 These metliods of chemical analysis were editorially 
rearranged and issued under the designation C 114 in 1939. 
They formerly constituted a portion of the Standard 
Methods of Sampling and Testing Portland Cement (A.S. 
T.M, Designation: C77) and were published as standard 
in Methods C 77 from 1930 to 1939. 


Sampling 

2. Samples of the cement .shall be 
taken and prepared as prescribed in 
the Standard Methods of Sampling 
Hydraulic Cement (A.S.T.M. Desig- 
nation: C 183).® 

Apparatus 

3. (fl) Balances .^ — The analytical bal- 
ances used in the chemical determina- 
tions shall conform to the following 
requirements: 

Capacity not less than 100 g. in each 
pan, 

The two arms of the beam equal within 
(i) two parts in 100,000 for balances in 
use or (3) one part in 100,000 for new 
balances (Note 1), 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Desisjnations at front of book 

^ Information on Analytical Balances and Weights, to 
supplement_ the requirements for balances and weights 
prescribed in these methods, has been prepared and is 
published as information, not a part of these methods; 
see the compilation of “A.S.T.M. Standards on Cement,” 
issued as a separate publication. 
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A “tentative revision” of this standard appears in the Tenta- 
tive Revisions of Standards section at the barb- nf tbic 
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Capable of reproducing results within 
0.0002 g., and 

Sensibility reciprocal not more than 
0.0005 g. per division of the graduated 
scale for any load up to 100 g. (Note 2). 
In case of direct-reading balances this 
rec|uirement does not apply. 

Any rapid weighing device that may 
be provided, such as a chain, damped 
motion, or heavy riders, shall not in- 
troduce errors greater than 0.0001 g. 
at any reading and with any allowable 
load on the scale pans. 

Note 1. — The lengths and ratios of the arms 
may change with use, and with age even if not 
used. 

Note 2. — If an aiuxiliary metal or glass pan 
is used, its weight is a part of the load. 

(b) Weights} — The weights used in 
the chemical determinations shall con- 
form to the requirements of the National 
Bureau of Standards specifications for 
class ‘‘S” weights as prescribed in Bureau 
of Standards Circular No. 3, “Design 
and Test of Standards of Mass.” The 
weights (including the riders) shall be 
checked when questioned, or at least 
once a year, with weights that have 
been certified by the National Bureau of 
Standards within five years. They shall 
be adjusted within the tolerances given 
in the above mentioned specifications 
for class “S” weights, according to their 
apparent mass as determined by com- 
parison with brass standards in air. 

Purity of Water and Reagents 

4. (a) Water. — References to water 
shall be understood to mean distilled 
water. 

(b) Reagents. — Unless otherwise in- 
dicated, it is intended that all reagents 


The sensibility reciprocal is a measure of tlie sensi- 
tiveness of a balance, and is the weight required to move 
the position of eciuilibrium of the pointer one division. 
For a Complete definition of sensibility reciprocal, see 
“Specifications, Tolerances, and Regulations for Com- 
mercial Weighing and Measuring Devices,” Ea-tidbook 
11Z9, Nat. Bureau Standards, September, 1942, pp. 87 
and 88. 


shall conform to the specifications of the 
Committee on Analytical Reagents of 
the American Chemical Society, where 
such specifications are available.® Where 
such specifications are not available, the 
best grade available should be used. 
Other grades may be used, provided it is 
first ascertained that the reagent is of 
sufficiently high purity to permit its use 
without lessening the accuracy of the 
determination. 

Concentration of Reagents 

5. {a) Concentrated Acids and Am- 
monimn Hydroxide. — When acids and 
ammonium hydroxide are specified by 
name or chemical formula only, it shall 
be understood that concentrated re- 
agents of the following specific gravities 
or concentrations are intended: 


Hydrochloric acid, HCl sp.gr. 1.18 

Hydrofluoric acid, HF 48 per cent 

Nitric acid, HNOa sp. gr. 1.42 

Sulfuric acid, H 2 SO 4 sp.gr. 1.84 

Ammonium hydroxide, NH4OFI ... sp. gr. 0.90 


The desired specific gravities or concen- 
trations of all other concentrated acids 
shall be stated whenever they are speci- 
fied. 

(b) Diluted Acids and Ammonium 
Hydroxide. — Concentrations of diluted 
acids and ammonium hydroxide, except 
when standardized, shall be specified 
as a ratio stating the number of volumes 
of the concentrated, reagent to be diluted 
with a given number of volumes of water, 
as in the following exampde: PICl (1 *.99) 
means 1 volume of concentrated HCl 
(sp. gr. 1.18) diluted with 99 volumes of 
water. 


6 “A.C.S. Analytical Reagents,” American Chemical 
Society, Washington, D. C., March, 1941. For later- 
additions and revisions, see “Recommended Specifications 
for Analytical Reagent Chemicals” by the Committee 
on Analytical Reagents of the American Chemical Society, 
Industrial and Engineering Chemistry, Analytical Edition, 
Vol. 16, No. 5, May, 1944, p. 281. For suggestions on the 
testing of reagents not listed by the American Chemical 
Society, see “Reagent Chemicals and Standards” by 
Joseph Rosin, D. Van Nostrand Co., Inc., New York, 
N. Y., (1937). 
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(c) Standard Solutions. — Concentra- 
tions of standard solutions shall be ex- 
pressed as normalities or as equivalents 
in grams per milliliter of the component 
to be determined, for example: 0.1 iV 
NaaSaOs, or KaCraOT (1 ml = 0.004 g. 
Fe203)* 

(d) Nonstandardized Solutions . — 
Concentrations of nonstandardized solu- 
tions prepared by dissolving a given 
weight of the solid reagent in a solvent 
shall be specified in grams of the reagent 
per liter of solution, and it shall be under- 
stood that water is the solvent unless 
otherwise specified, for example: NaOH 
(10 g. per 1.) means 10 g. of NaOH dis- 
solved in water and diluted with water 
to 1 liter. In the case of certain reagents 
the concentration may be specified as a 
percentage by weight, for example: 
ethanol (50 per cent) means a solution 
containing 50 g. of ethanol per 100 g. 
of solution. Other nonstandardized so- 
lutions may be specified by name only, 
and the concentration of such solutions 
will be governed by the instructions for 
their preparation. 

Glassware'^ 

6. (a) All glass apparatus and ves- 
sels used in analytical work should be 
carefully selected to meet the particular 
requirements for each operation. Stand- 
ard volumetric flasks, burettes, and pi- 
pettes should be of precision grade. 

{b) New and improved types of glass 
apparatus are available, including col- 
ored glass for the protection of solutions 

J For further information the following references may 
be consulted: 

E. F. Mueller and R. M. Wilhelm, “Methods of Testing 
Thermometers,” Frocecdings, Am. Soc. Testing Mats., 
Vol, 3S, Part I, p. 493 (1938); 

J. J. Moran, “Methods of Testing Volumetric Glass- 
ware.” Proceedings, Am. Soc. Testing Mats., Vol. 41, p, 
492 (1941); ’ ^ 

J. p. B.ader and E. L. Peffer, “Methods of Testing 
Hydrometers.” Proceedings, Am. Soc. Testing Mats.. 
Vol. 42, p. 463 (1942); . 

E. L. Peffer and G. C. Mulligan, “Testing of Glass 
VolTOtetnc Apparatus,” Nat. Bureau Standards Circular 
C 434, Superintendent of Documents, Government Print- 
ing Office, Washington, D. C. (1941). . 


affected by light, alkali-resistant glass 
for use where superior resistance to 
alkalies is important, and a high-silica 
glass having exceptional resistance to 
thermal shock. Standard-taper, inter- 
changeable, ground-glass joints are use- 
ful in analytical work. 

Number of Chemical Determinations 

7. (a) The number of chemical tests 
shall be as prescribed in Section 6 of the 
Standard Methods of Sampling Hydrau- 
lic Cement (A.S.T.M. Designation: C 
183).3 

(b) The chemical determinations shall 
be made in accordance with the pro- 
cedures described in the following Sec- 
tions 8 to 43, 

Note. — ^T hese methods of chemical analysis 
are not all considered as possessing the highest 
obtainable accuracy, but are methods to be 
followed in maldng acceptance tests on cements 
covered by specifications recjuiring that tests 
be made in accordance with the analytical 
procedures contained in this standard. 

Silicon Dioxide 

Procedure 

8. (a) Transfer 0.5 g. of the sample 
to an evaporating dish, preferably of 
platinum for the sake of celerity in evap- 
oration, moisten with 10 ml. of cold water 
to prevent lumping, add 5 to 10 ml. of 
HCl, and digest with the aid of gentle 
heat and agitation until solution is com- 
plete. Solution may be aided by light 
pressure with the flattened end of a glass 
rod. Evaporate the solution to dryness 
on a steam bath. Without heating the 
residue any further, treat it with 5 to 10 
ml. of HCl and then an equal amount of 
water, or pour at once upon the residue 
10 to 20 ml. of HCl (1:1). Then cover 
the dish and digest for 10 min. on the 
bath or a hot plate. Dilute the solution 
with an equal volume of hot water, im- 
mediately filter, and wash the separated 
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Si02 thoroughly with hot water (Note), 
and reserve the residue. 

Note. — T he washing of the SiOa precipitates 
can be made more effective by using hot HCl 
(1:99) and then completing the washing with 
hot water. 

(b) Again evaporate the filtrate to 
dryness, baking the residue in an oven 
for 1 hr. at 105 to 110 C. Then take 
up the residue with 10 to 15 ml. of HCl 
(1:1) and heat on the bath or hot plate. 
Dilute the solution with an equal vol- 
ume of hot water and catch and wash the 
small amount of Si02 it contains on 
another filter paper. Reserve the fil- 
trate and washings for the determina- 
tion of AI2O3 + Fe203 (Section 9). 

(c) Transfer the papers containing 
the residues (Paragraphs (a) and (b)) to 
a weighed platinum crucible. Dry and 
ignite the papers, first at a low heat until 
the carbon of the filter paper is com- 
pletely consumed without inflaming, 
and finally at 1100 to 1200 C. until the 
weight remains constant. 

(d) Treat the SiOa thus obtained, 
which will contain small amounts of 
impurities, in the crucible with a few 
drops of water, about 10 ml. of HF, 
and one drop of H2SO4, and evaporate 
cautiously to dryness. Finally, heat the 
small residue at 1050 to 1100 C. for a 
minute or two, cool, and weigh. The 
difference between this weight and the 
weight previously obtained represents 
the amount of Si02. Consider the 
weighed residue remaining after the 
volatilization of the Si02 as combined 
aluminum and ferric oxides and add it 
to the result obtained in the determina- 
tion of these oxides (Section 9). 

(e) Blank . — ^Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, 
and correct the results obtained in the 
analysis accordingly. 


(jO Calculation . — Calculate the per- 
centage of Si02 to the nearest 0.1 by 
multiplying the weight in grams of Si02 
by 200, (100 divided by the weight of 
sample used (0.5 g.)). 

Aluminum Oxide and Ferric Oxide 
Procedure 

9. {a) To the filtrate reserved in 
accordance with Section 8 (6) (Note 1), 
which should have a volume of about 
250 ml., add HCl if necessary to insure 
a total of 10 to 15 ml. of the acid. Add a 
few drops of methyl red indicator (2 g, 
per liter of ethanol), and heat to boiling. 
Then treat with NH4OH (Note 2), 
drop by drop, until one drop changes 
the color of the solution to a distinct 
yellow. Bring to boiling the solution 
containing the precipitated aluminum 
and ferric hydroxides, boil for 1 or 2 min., 
and then filter. Wash the precipitate 
once by decantation and wash slightly 
on the filter with hot NFI4CI (20 g. per L). 

Note 1. — If a platinum evaporating dish 
has been used for the dehydration of SiOz, iron 
may have been partially reduced. At this 
stage, add about 3 ml. of saturated bromine 
water to the filtrate and boil the filtrate to 
eliminate the excess bromine before adding the 
methyl red indicator. 

Note 2. — ^The NELjOH used to precipitate 
the hydroxides must be free of contamination 
with CO 2 . 

{b) Set aside the filtrate and transfer 
the precipitate and filter paper to the 
same beaker in which the first precipita- 
tion was effected. Dissolve the alu- 
minum and ferric hydroxides in hot HCl 
(1:3), dilute tlie solution to about 100 
mi., and reprecipitate the hydroxides as 
described in Paragraph (0). Filter the 
solution, and wash the precipitate with 
two 10-ml. portions of hot NH4CI (20 g. 
per 1.). Combine the filtrate and wash- 
ings with the filtrate set aside and re- 
serve for the determination of CaO 
(Section 13). 
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(c) Place the precipitate in a weighed 
platinum crucible, heat slowly until the 
papers are charred, and finally ignite to 
constant weight at 1050 to 1100 C. with 
care to prevent reduction, and w-eigh 
as AI 2 O 3 + Fe 203 . 

(d) Add to the weight of AI2O3 + 
Fe 203 any impurities that may be found 
in the residue of Si02 according to Sec- 
tion 8 (d). If a determination of phos- 
phorus pentoxide is required and made 
according to Section 22, the weight of 
AI2O3 -f Fe 203 shall be corrected for the 
amount of P2O5 found. 

(e) Blank— Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the analy- 
sis accordingly. 

(/) Calculaiion—Calcnlsite the per- 
centage of AI 2 O 3 + Fe 203 to the nearest 
0.1 by multiplying the weight in grams 
of AI2O3 + Fe 203 by 200, (100 divided by 
the weight of sample used (0.5 g.)). 

Ferric Oxide 

Reagents 

10. (a) Stannous Chloride Solution . — 
Dissolve 10 g. of SnCb -21120 in 25 ml. 
of HCl and 75 ml. of water. Add scraps 
of iron-free granulated tin and boil until 
the solution is clear. Keep the solution 
in a closed dropping bottle containing 
metallic tin. 

{b) Phosphoric-Sulfuric Acid Mixture. 
— Add slowly, while stirring, 150 ml. 
of H 3 PO 4 (sp. gr. 1.71) and 150 ml. of 
H2SO4 to 500 ml. of water, and then 
dilute to 1 liter and mix. 

(c) Diphenylamine Indicator. — ^Dis- 
solve 1 g. of diphenylamine in 100 ml. 
of H 2 SO 4 . 

(d) Standard Potassium Dichromate 
Solution (i ml. — 0.004 g. FefOf ). — 
Dissolve 2.457 g. of K 2 Cr 207 in water 
and dilute to 1 liter. Standardize 
against standard iron wire of known iron 
content in the same manner as directed 


for the ferric oxide determination in ce- 
ment (Section 11), using a weight of iron 
wire that will yield a titration approxi- 
mately equal to that required by the 
cement sample in question. Calculate 
the Fe 203 equivalent of the solution in 
grams per milliliter by multiplying the 
weight in grams of iron in the amount 
of iron wire used by 1.430 (moleculai 
ratio of Fe 203 to 2 Fe) and dividing by the 
volume in milliliters of KoCroO? solution 
required. 

Procedure 

11. {a) To 1 g. of the sample add 
40 ml. of cold water, stir, and add. 15 mi. 
of HCl. Fleat the solution, and grind 
the cement with the flattened end of a 
glass rod until it is evident that the 
cement is completely decomposed. Heat 
the solution to boiling and treat it with 
the SnCb solution, added drop Iiy droi'j 
while stirring, until the solution is de- 
colorized. Add one drop in excess and 
cool the solution to room temjierature. 
Rinse the inside of the vessel with water, 
and add all at once 10 ml. of a cool, 
saturated HgCb solution. Stir the solu- 
tion vigorously for 1 min., add 15 ml. of 
H 3 PO 4 -H 2 SO 4 mixture and 3 drops of 
diphenylamine indicator, and dilute to 
150 ml. with cold water. Titrate with 
the standard K 2 Cr 207 solution. The 
end point is taken as the point at which 
a drop causes an intense deep blue colora- 
tion that remains unchanged on further 
addition of the standard K 2 Cr 207 solu- 
tion. 

{h) Calculation . — Calculate the per- 
centage of FeaOa to the nearest 0.1 as 
follows: 

Fe203, per cent = EV X 100 

where : 

E = Fe 203 equivalent of the K2Cr207 
solution in grams per milliliter, and 
V - milliliters of K 2 Cr 207 solution re- 
quired by the 1-g. sample used. 
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Aluminum Oxide 

Procedure 

12. Calculation. — Calculate the per- 
centage of AI2O3 to the nearest 0.1 by- 
deducting the percentage of Fe203 de- 
termined according to Section 11 from 
the percentage of AI2O3 + Fe203 deter- 
mined according to Section 9. 

Note. — Any titanium and phosphorus that 
may be present will be precipitated with alumi- 
num and ferric hydroxides in the procedure 
specified in Section 9 and are counted as AhOg. 
Aluminum oxide should not be corrected for 
Ti02 or P2O5 unless such a correction is expressly 
specified or the determination of the component 
is required. If the precipitations of the hydrox- 
ides are made as directed, little manganese, if 
any, will be retained in the precipitate. 

Calcium Oxide 

Procedure 

13. (a) Acidify the combined filtrates 
obtained in the precipitations of alu- 
minum and ferric hydroxides (Section 9) 
with HCl and evaporate them to a vol- 
ume of about 100 ml. Add 40 ml. of 
saturated bromine water to the hot solu- 
tion and immediately add NH4OH until 
the solution is distinctly alkaline. Boil 
the solution for 5 min. or more, making 
certain that the solution is at all times 
distinctly alkaline. Allow the precipi- 
tate to settle, filter, and wash with hot 
water. Wash the beaker and filter once 
with liNOs (1:33) that has been pre- 
viously boiled to expel nitrous acid, and 
finally with hot water. Discard the 
precipitate. Acidify the filtrate with 
tICl and boil until all the bromine is 
expelled. Make the solution alkaline 
with NH4OH and bring the solution to 
boiling. Add to the boiling solution 25 
ml. of boiling ammonium oxalate (50 g. 
per L), the boiling being continued until 
the precipitated calcium oxalate assumes 
a well-defined granular form. Allow the 
solution to stand for about 20 min. or 
until the precipitate has settled, filter, 
and wash moderately with ammonium 


oxalate (1 g. per 1.). Reserve the filtrate 
and washings. 

{b) Place the filter paper containing 
the precipitate, wet, in a platinum cru- 
cible and burn off the paper at a low heat. 
Then ignite the precipitate until the cal- 
cium oxalate is converted to CaO, redis- 
solve (Note 1) in HCl, and dilute the solu- 
tion to 100 ml. with water. Add NH4OH 
in slight excess and bring the solution to 
boiling. If a small amount of hydroxides 
separates at this point, filter it out, 
weigh, and add the amount to that 
found in the original determination of 
AI2O3 -f Fe203. Reprecipitate the 
CaO with ammonium oxalate as before 
(Note 2), allow to stand until settled, 
filter, and wash, taking care to avoid an 
excess of the washing solution. Com- 
bine the filtrate with that already ob- 
tained and reserve for the determination 
of MgO (Section 15). 

Note 1. — Add 5 ml. of cold water cautiously 
to the first ignited precipitate and then cau- 
tiously add 10 ml. of HCl (1:1). As soft-burnt 
calcium oxide may be too active in slaking, a 
temperature of 1100 to 1200 C. is recommended 
for the ignition of the first precipitate. After a 
little practice it is possible to dissolve hard-burnt 
calcium oxide in this -way without explosive 
spattering. 

Note 2. — ^If the second precipitate of calcium 
oxalate is so fine as to cause difficulty in filtering, 
or if the precipitate causes bumping, the volume 
of solution may be increased to 150 or 200 ml., 
instead of 100 ml., prior to precipitation. 

(c) Weigh the precipitate as CaO, 
after ignition and heating at 1100 to 
1200 C. to constant weight in a weighed, 
covered platinum crucible. 

(d) Blank . — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the analy- 
sis accordingly. 

(e) Calculation . — Calculate the per- 
centage of CaO to the nearest 0.1 by 
multiplying the weight in grams of CaO 
by 200, (100 divided by the weight of 
sample used (0.5 g.)). 
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Reagents 

14. Ammonium Nitrate ^ Wash Solu- 
tion . — ^Dissolve 100 g. of NH4NO3 in 
water, add 200 ml. of NH4OH, and dilute 
to 1 liter. 

Procedure 

15. {a) Acidify the filtrates reserved 
in the determination of CaO (Section 13) 
with HCl and concentrate to about 150 
ml. Add to this solution about 10 ml. 
of (NH4)2HP04 (250 g. per 1.) and cool 
the solution by placing in a beaker of 
ice water. After cooling, add NH4OH 
drop by drop, while stirring constantly, 
until the crystalline magnesium am- 
monium phosphate begins to form, and 
then in moderate excess (5 to 10 per cent 
of the volume of the solution), the 
stirring being continued for several 
minutes. Set the solution aside for at 
least 8 hr. in a cool atmosphere, and 
then filter. 

(6) Redissolve the precipitate thus 
obtained in hot HCl (1:4), dilute the 
solution to about 100 ml., add 1 ml. of 
(NH4)2HP04 (250 g. per 1.), and then 
add NH4OH drop by drop, while stirring 
constantly, until the precipitate is again 
formed as described and the NH4OH is 
in moderate excess. Cool, allow to 
stand for about 2 hr., filter, and wash 
with two 10-ml. portions of the NH4NO3 
wash solution. Place in a weighed 
platinum crucible, slowly char the paper, 
and carefully burn off the resulting car- 
bon. Ignite the precipitate at 1100 to 
1200 C. to constant weight, taking care 
to avoid bringing the pyrophosphate to 
melting. 

(c) Blank . — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, 
and correct the results obtained in the 
analysis accordingly. 

(d) Calculation.— Qzic\A.a.tt the per- 

centage of MgO to the nearest 0.1 as 
follows: ‘ 


where: 

W = grams of Mg2P207, and 
72.4 = molecular ratio of 2 MgO to 
Mg2P207 (0.362) divided by 

weight of sample used (0.5 g.) 
and multiplied by 100. 

Sulfur Trioxide 

Procedure 

16. {a) To 1 g. of the sample add '25 
ml. of cold water and 5 ml. of HCl. 
Heat the solution and grind the material 
with the flattened end of a glass rod 
until it is evident that decomposition 
of the cement is complete. Dilute the 
solution to 50 ml. and digest on a steam 
bath for IS min. Filter, and wash the 
residue thoroughly with hot water. 
Dilute the solution to 250 ml. and heat 
to boiling. Add slowly, drop by drop 
from a pipette, 10 ml. of hot BaCb (100 
g. per 1.) and continue the boiling until 
the precipitate is well formed. Digest 
the solution on the steam bath for at 
least 3 hr., preferably overnight. Filter 
the precipitate, wash, place the paper 
and contents in a weighed platinum 
crucible, and slowly char and consume 
the paper without inflaming. Then 
ignite and weigh the BaS04. 

(b) Blank. — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the analy- 
sis accordingly. 

(c) Calculation. — Calculate the per- 
centage of SO3 to the nearest 0.1 as 
follows: 

SO3, per cent = IF X 34.3 

where: 

W — grams of BaS04, and 
34.3 = molecular ratio of SO3 to BaS04 
(0.343) multiplied by 100. 

(d) Optional Procedure. — ^The add 
filtrate obtained in the determination of 
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the insoluble residue (Section 25) may 
be used for the determination of SO3 
instead of using a separate sample. 

Loss ON Ignition 

Procedure 

17, (a) Heat 1 g. of tlie sample in a 
weighed, covered platinum crucible of 
20 to 25-ml. capacity, as follows, using 
either method A or B as specified. 

(b) Method A. — Place the crucible in 
a hole in an asbestos board clamped 
horizontally, so that about three fifths 
of the crucible projects below the board, 
and heat at a full red heat (900 to 1000 
C.) for 15 min.; check the loss in weight 
by a second heating for 5 min. Take 
care to wipe off particles of asbestos that 
may adhere to the crucible when with- 
drawn from the hole in the board. 
Greater neatness and shortening of the 
time of heating may be secured by mak- 
ing a hole to fit the crucible in a cir- 
cular disk of sheet platinum and placing 
this disk over a somewhat larger hole 
in an asbestos board. 

(c) Method B. — Place the crucible in 
a muffle furnace at any temperature be- 
tween 900 and 1000 C. for 15 min., and 
check the loss in weight by a second heat- 
ing for 5 min. 

(d) Calculation. — Calculate the per- 
centage of loss on ignition to the nearest 
0.1 by multiplying the loss in weight 
in grams by 100. 

Sodium Oxide and Potassium 
Oxide 

Reagents 

18. (a) Chloroplatinic Acid Solution 
{pO g. per 1 .). — Dissolve 5 g. of H2PtCl6* 
6H2O in water and dilute to 100 ml. 

{b) Gladding Wash Solution. — Dis- 
solve 100 g. of NH4CI in water, dilute to 
500 ml., and add to the solution an 
amount of K2PtClG that is more than 
sufficient to make a saturated solution 


(about 1 g.). Shake the mixture fre- 
quently for 6 to 8 hr., allow it to stand 
at least 12 hr., and filter. The residue 
may be used for the preparation of a 
new supply of the wash solution. 

Procedure 

19. {a) Weigh 5 g. of the sample of 
finely pulverized cement and mix it with 
1 g. of NH4CI by grinding the two 
together in an agate mortar. Add 4 g. 
of CaCOa to the mixture and continue 
the grinding until the ingredients are 
thoroughly mixed. Place about 0.5 
cm, of CaCOs on the bottom of a 40 to 
60-ml. platinum crucible, add the above 
mixture to the crucible, and cover the 
mixture with about 0.5 cm. of CaCOs. 
Mount the crucible through a hole in an 
asbestos board about 0.3 cm. in thick- 
ness, so that the crucible projects about 
1 cm. above the board. Cover the cru- 
cible with a well-fitting cover and set a 
platinum crucible containing water on 
it. The purpose of the second crucible 
is to prevent the loss of alkali by vola- 
tilization, and this crucible must be kept 
filled witli water through the entire 
period of ignition. Heat the crucible at 
a very low temperature at first and 
gradually raise the temperature within 1 
hr. to a bright red heat. At no time 
should the temperature be raised so 
fast that white NH4CI fumes can be seen 
issuing from the crucible. Finally, ig- 
nite the crucible at 900 to 1000 C. for 1 
hr. 

{b) With the aid of hot water, remove 
the sintered material from the crucible 
and let the sinter digest with about 150 
ml, of water in a casserole on a water 
bath for about 4 hr. If there are still 
lumps in the casserole, break them up 
with a pestle or glass rod. Allow the 
mixture to digest on the water bath 4 
hr. more, or longer. Boil the mixture 
for 1 min., allow the residue to settle, 
and decant the clear solution through a 
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filter paper into a large beaker. Add 
30 mi. of water to the casserole, bring the 
mixture to a boil, allow the residue to 
settle, and decant the clear filtrate 
through the same filter paper (Note). 
Perform three more times this addition 
of water and decantation. Finally, wash 
the residue into the filter paper, rinse the 
casserole, and wash the residue once with 
hot water. 

Note. — I f it is desired to speed up the work 
without allowing the residue to settle so as to 
give a dear solution to decant easily, filter the 
solution at once, leaving as much of the residue 
in the dish as possible, discharge the filtrate held 
in the stem of the funnel by tapping the funnel 
or lifting the filter paper a little out of the fun- 
nel, and wash the residue on the filter paper 
back into the dish. 

(c) Combine the filtrates and washings 
and evaporate them to about 50 ml. 
Add 3 or 4 g. of (NH4)2C03 to the solu- 
tion, and boil it for 1 min. Filter the 
solution, and wash the residue six times 
with cool (NH4)2 COs (10 g. per 1.) that 
contains a little NH4OH. Add 10 ml. 
of ammonium oxalate (50 g. per 1.) and 
2 or 3 ml. of NH4OH to the filtrate. 
Evaporate the solution to about 20 ml., 
filter into a dish, and wash the residue 
with hot water. Add 1 ml. of H2SO4 to 
the filtrate and evaporate it to dryness. 

(d) Ignite the residue in the dish 
carefully until the excess H2SO4 is driven 
off and then raise the temperature to a 
dull red heat. Cool the dish, dissolve 
the residue in 50 ml. of water, and add 2 
ml. of ammonium oxalate (50 g. per 1.) 
and 2 or 3 ml. of NH4OH to the solution. 
Evaporate the solution to about 10 ml ., 
filter the solution into a platinum dish, 
and wash the residue with hot water. 
Add 0.5 ml. of H2SO4 to the filtrate and 
evaporate it to dryness. Ignite the 
residue, gradually raising tlie tempera- 
ture to 600 to 700 C., until all the excess 
H2SO4 and ammonium salts are expelled. 
Cool the dish, dissolve the residue in a 


small amount of water, evaporate the 
solution to dryness, ignite the residue 
at 600 to 700 C. for 15 min., cool it in a 
desiccator, and weigh. Dissolve the 
residue in about 20 ml. of hot water and 
filter the solution. Wash the filter paper 
with hot water and put it in the dish. 
Ignite carefully until the paper is con- 
sumed and then continue the ignition 
at 600 to 700 C. for 10 min. Cool the 
dish in a desiccator, and weigh. The 
difference between these two weights 
represents the weight of the alkali as 
NasSO.! and K2SO4. 

(e) Add 1 to 2 ml. of HCl to the fil- 
trate in a vessel made of glass, silica, 
or porcelain and evaporate it to aljout 
10 ml. To the solution, add 6 ml. of 
the solution of chloroplatinic acid for 
each 0.10 g, of the mixed sulfates and 
add 3 ml. in excess, E\TLporate the 
solution on a water bath to a tliick sirup, 
carrying this evaporation as far as pos- 
sible without allowing the solution lo go 
to dryness. The sirupy solution should 
solidify on cooling. Add 100 ml. of 
ethanol (85 per cent) to the solution, 
while stirring thoroughly, and allow' 
the precipitate of potassium chloro- 
platinate (K2PtCl6) to settle for just 3 
hr. Filter the clear liquid through a 
dried and tared Gooch crucible wdth a 
mat of asbestos or a fused-in fritted- 
glass disk. Wash the precipitate five 
times by decantation with ethanol (85 
per cent) and then rinse the crucible 
three times with the ethanol. Wash 
the precipitate three times by decanta- 
tion with the Gladding wash solution, 
stirring the precipitate thoroughly each 
time. Transfer the precipitate to the 
crucible with the Gladding w^ash solu- 
tion, taking care that none remains in 
the original vessel, and finally wash the 
crucible and contents six times with 
ethanol (85 per cent). Dry the crucible 
at 105 to 110 C, for at least 3 hr. Cool, 
and weigh it. The difference between 
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these two weights represents the weight 
of KaO as KsPtClc 

(/) Blank —M-zkt a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the 
analysis accordingly. 

{g) Calculation . — Calculate the per- 
centages of Na 20 and K 2 O to the nearest 
0.01 as follows: 

Na^O, per cent = 

(IFi - W 2 X 0.3584) X 8.728, and 

KiiO, per cent = W 2 X 3.874 

where: 

TPi = grams of Na 2 S 04 + K2SO4, 
Wi — grams of K 2 PtCl 6 , 

0.3584 = molecular ratio of K2SO4 to 
KaPtClfi, 

8.728 = molecular ratio of Na20 to 
Na 2 S 04 (0.4364) divided by 
the weight of sample used 
(5 g.) and multiplied by 100, 
and 

3.874 = molecular ratio of K 2 O to 
KsPtCle (0.1937) divided by 
the weight of sample used 
(5 g.) and multiplied by 100. 

Water-Soluble Alkali® 

Note. — The determination of water-soluble 
alkali according to Section 20 should not be con- 
sidered as a substitute for the determination of 
total alkali according to Section 19. Moreover, 
it is not to be assumed that in the procedure of 
Section 20 all water-soluble allcali is obtained 
that may be in the cement. A uniform method 
is essential where there is a specified limit on the 
content of water-soluble alkali or where several 
lots of cement are compared on the basis of 
water-soluble alkali. 

Procedure 

20. (a) Weigh 25 to 150 g. of tlie 
sample (Note 1) into a large beaker and 

8 The procedure for determining water-soluble alkali 
as described in Section 20 is identical in substance with 
Section F-3h of the Federal Specification for Masonry 
Cement (SS-C-181b, January 12, 1938) in regard to leach- 
ing of cement. The differences in the treatment of the 
combined filtrates should not produce an appreciable 
difference in the results. 


add 250 ml. of water to the cement, while 
stirring thoroughly (Note 2). Let the 
mixture stand for 30 min. at room tem- 
perature, stir it again, and filter it 
through a Buchner funnel. Return the 
residue to the original beaker, rinse the 
funnel with 150 ml. of water into the 
beaker, stir the mixture thoroughly, and 
let it stand 30 min. at room tempera- 
ture. Again stir the solution and filter 
it through the Buchner funnel. Return 
the residue to the beaker and rinse the 
funnel with 100 ml. of water into the 
beaker. Stir the mixture thoroughly, 
and let it stand 30 min. at room tempera- 
ture. Stir it and filter it as before, 
discard the residue without washing, 
and complete the determination as de- 
scribed in either Paragraphs (b) to (d) 
or Paragraph (e) (Note 3). 

Note 1. — The amount of sample taken for 
analysis depends on the content of water- 
soluble alkali, varying from 25 g. for 0,5 per cent 
or more to 150 g. for 0.1 per cent or less. 

Note 2. — As the amount of water-soluble 
alkali obtained depends on the manner in which 
it is leached out of cement, it is important that 
the procedure be followed closely. 

Note 3. — In most cases the procedure de- 
scribed in Paragraphs (b) to (d) is to be pre- 
ferred because it is simpler and usually gives all 
the data necessary. 

(b) Follow the procedure as described 
in Section 19 (c) and (d). 

(c) Blank . — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the analy- 
sis accordingly. 

(d) Calculation . — Calculate as Na20 
the percentage of water-soluble alkali 
to the nearest 0.01 as follows: 

W X 43.64 
NaaO, per cent = — 

where: 

W = grams of Na 2 S 04 + K 2 SO 4 , 

5" = grams of sample used, and 
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43.64 = molecular ratio of NagO to 
Na2S04 (0.4364) multiplied by 
100 . 

(e) If it is required that water-soluble 
alkali be reported as water-soluble NaaO 
and water-soluble K2O, follow the pro- 
cedure as described in Section 19, start- 
ing with Paragraph (c) and making the 
necessary changes in the formulas of 
Paragraph (g) due to the weight of 
sample taken for analysis. If desired, a 
measured portion of the combined fil- 
trates may be taken for the steps follow- 
ing the leaching in order to avoid the use 
of a large amount of chloroplatinic acid. 

Phosphorus Pentoxide 
Reagents 

21. (a) Ammonium Molybdate Solu- 
tion . — Dissolve 100 g. of molybdic acid 
(85 per cent M0O3) in a mixture of 400 
ml. of water and 100 ml, of NH4OH and 
cool the solution to room temperature. 
While stirring constantly, pour this solu- 
tion very slowly into a cooled mixture of 
600 ml. of water and 400 ml. of HNO3. 
No precipitate should form that does not 
redissolve upon stirring. Add 1 drop 
of (NH4)2HP04 (250 g. per 1.) to the 
solution, shake it thoroughly, and allow 
it to stand at least 24 hr. before use. 
Filter portions of the solution as needed. 

(5) Magnesia Mixture . — ^Dissolve 50 
g. of MgCl2-6H20 and 100 g. of NH4CI 
in 500 ml. of water. Make the solution 
slightly alkaline with NH4OH and allow 
it to stand at least 12 hr. Filter the 
solution, acidify it with HCl, and dilute 
to 1 liter. 

Procedure 

22. {a) Weigh 1 to 3 g. of the sample 
(Note) and 10 g. of NH4NO3 into a 
150-ml. beaker. Mix the contents, treat 
with 10 ml. of liNOa, and stir quickly, 
using the flattened end of a glass rod to 
crush lumps of cement, until the cement 


is completely decomposed and the thick 
gel of Si02 is broken up. Cover the 
beaker with a watch glass, place it on a 
water bath or a hot plate at approxi- 
mately 100 C. for 15 to 20 min., and stir 
the contents occasionally during the 
heating. Add 20 ml. of hot water to the 
beaker and stir the contents. If the 
cement contains an appreciable amount 
of manganese, as shown by the presence 
of a red or brown residue, add a few milli- 
liters of NaN02 (50 g. per I.) to dissolve 
this residue. Boil the contents of the 
beaker until all nitrous fumes are com- 
pletely expelled. This should not take 
more than 5 min,, and water should be 
added to replace any lost by evaporation. 
Filter into a 500-ml. Erlenmeyer flask 
under suction and with a platinum cone 
to support the filter paper, and wash the 
residue of Si02 until the volume of 
filtrate and washings is about 150 ml. 

Note. — T he amounts of sample and re- 
agents used depend on the content of i)liosi)horus 
in the cement. The minimum requirements 
are sufficient if the cement contains 0.5 per cent 
PaOa or more. The maximum amounts are re- 
quired if the content of P2O5 is 0.1 per cent or 
less. 

{b) Heat the solution to 85 C. and add 
50 to 100 ml. of the ammonium molyb- 
date solution. Stopper the flask and 
shake it vigorously for 5 min., then set 
aside for 30 min. Filter the precipitate, 
rinsing the flask five times and washing 
the filter paper eight times with cold 
KNO3 (10 g. per 1.). Put the original 
flask under the funnel containing the 
precipitate. Pour 25 ml. of NH4OH 
(1:4) over the precipitate and around 
the upper edges of the filter paper until 
the precipitate is entirely dissolved. 
Wash the paper three times witli cold 
water, twice widi HCl (1:1), and 
finally three times with cold water. 
Acidify the solution with HCl and add 
to it 1 ml. of citric acid (350 g. per 1.) 
to hold traces of iron, if any, in solution. 
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(c) Cool the solution to room tem- 
perature and transfer it to a 400-ml. 
beaker. The volume should now be 
about 150 ml. Add 25 ml. of the mag- 
nesia mixture to the solution, and then, 
while stirring constantly, add drop by 
drop 50 ml. of NIi40H at such a rate 
that 5 mill, are required for the addition. 
Allow the mixture to stand 4 hr. or 
longer. Filter the precipitate, and wash 
it a few times with NH4OH (1:20). 
Dissolve the precipitate into the original 
beaker by pouring 25 ml. of HCl (1 : 1) 
on the precipitate. Wash the filter 
paper thoroughly with HCl (1:20). 
With the washings and water, dilute the 
solution to 50 to 100 ml., and add 1 to 
2 ml. of the magnesia mixture. While 
stirring constantly, add NH4OH slowly 
to the solution as before. Allow the 
mixture to stand 2 hr. or longer. Filter 
the precipitate, scrub and rinse the 
beaker, and wash the precipitate ten 
times with NH4OH (1:20). Ignite the 
precipitate in a weighed crucible at 1100 
to 1200 C. to constant weight. 

(d) Blank . — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the analy- 
sis accordingly. 

(e) Calculation . — Calculate the per- 
centage of P2OB to the nearest 0.01 as 
follows: 


where : 

W — grams of Mg2P207, 

S = grams of sample used, and 
63.79 = molecular ratio of P2O5 to 
Mg2P207 (0.6379) multiplied 
by 100. 

Manganic Oxide 

Reagent 

23. Standard Sodium Arsenite Solu- 
tion (1 ml. — 0.0003 g. Mn^O^. — Dis- 


solve in 100 ml. of water 3.0 g. of 
Na2C03 and then 0.90 g. of AS2O3, heat- 
ing the mixture until the solution is as 
complete as possible. If the solution is 
not clear or contains a residue, filter the 
solution. Cool it to room temperature, 
transfer to a volumetric flask, and dilute 
to 1 liter. 

Dissolve 0.58 g. of KMn04 in 1 liter 
of water and standardize it against 
about 0.03 g. of sodium oxalate oxidi- 
metric standard furniished by the Na- 
tional Bureau of Standards (standard 
sample No. 40) according to the direc- 
tions furnished with the sodium oxalate. 
Put 30.0 ml. of the KMn04 solution in a 
250-ml. Erlenmeyer flask. Add 60 ml. 
of HNO3 (1:4) and 10 ml. of NaNOs 
(50 g. per 1.) to the flask. Boil the 
solution until the HNO2 is completely 
expelled. Cool the solution and add 
sodium bismuthate (NaBiOs), and finish 
by titrating with the standard NaAs02 
solution in the manner described below 
for the determination of manganese in 
cement. Calculate the Mn203 equiv- 
alent of the NaAs02 solution in grams 
per milliliter as follows: 

^ AX 7.08 

where: 

E = Mn203 equivalent of the NaAs02 
solution in grams per milliliter, 
A = grams of Na2C204, 

B = milliliters of KMn04 solution 

required by the Na2C204 used, 
C = milliliters of NaAs02 solution 

required by 30.0 ml. of KMn04 
solution, and 

7.08 = molecular ratio of Mn203 to 5 
Na2C204 (0.236) multiplied by 
30.0 (milliliters of KMn04 solu- 
tion). 

Procedure 

24. (a) Weigh 1.0 to 3.0 g. of the 
sample (Note 1) into a 250-ml. beaker 
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and treat it with 5 to 10 ml. of water 
and then with 60 to 75 ml. of HNOg 
(1:4). Boil the mixture until the solu- 
tion is as complete as possible. Add 
10 ml. of NaNOa (50 g. per 1.) to the solu- 
tion and boil it until the HNO 2 is com- 
pletely expelled (Note 2), taking care 
not to allow the volume of the solution 
to become so small as to cause the pre- 
cipitation of gelatinous Si02. There 
may be some separated Si 02 , which may 
be ignored, but if there is still a red or 
brown residue, use more NaNOa (50 g. 
per 1.) to effect a complete decomposi- 
tion and then boil again to expel the 
HNO 2 . Filter the solution into a 250- 
ml. Erlenmeyer flask and wash the filter 
paper with water. 

Note 1. — The amount of cement taken for 
analysis depends on the content of manganese, 
varying from 1 g. for about 1 per cent of Mn 203 
to 3 g. for 0.25 per cent or less of MnaOa. 

Note 2. — When NaN02 is added, the expul- 
sion of HNO 2 by boiling must be complete. 
If any HNO 2 remains in the solution, it will react 
with the added NaBiOa and decrease its oxidiz- 
ing value. If there is any manganese in the 
cement, the first small quantity of NaBiOj 
should bring out a purple color. 

(b) The solution should have a vol- 
ume of 100 to 125 ml. Cool it to room 
temperature. To the solution add a 
total of 0.5 g. of NaBiOs in small quan- 
tities, while shaking intermittently. 
After the addition is completed, shake 
the solution occasionally for 5 min. and 
then add to it 50 ml. of cool HNO3 (1 : 33) 
which has been previously boiled to ex- 
pel nitrous acid. Filter the solution 
through a pad of ignited asbestos in a 
Gooch crucible or a carbon or fritted- 
glass filter with the aid of suction. 
Wash the residue four times with the 
cool HNOg (1 :33). Titrate tlie filtrate 
immediately with the standard solution 
of AS 2 O 3 . The end point is reached 
when a yellow color is obtained free of 
brown or purple tints and it does not 
change upon further addition of AS 2 O 3 . 


(c) Blank . — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the analy- 
sis accordingly. 

(d) Calculation . — Calculate the per- 
centage of Mn 203 to the nearest 0.01 as 
follows: 

EV 

MnjOs, per cent = X 100 

where: 

E = Mn 203 equivalent of the NaAsOa 
solution in grams per milliliter, 
V = milliliters of NaAs02 solution re- 
quired by the sample, and 
6* = grams of sample used. 

Insoluble Residue” 

Procedure 

25. (a) To 1 g. of the sample, add 10 
ml. of cold water and 5 ml. of HCl. 
Warm the solution gently and grind the 
material with the flattened end of a glass 
rod for a few minutes until it is evident 
that decomposition of the cement is 
complete (Note). Dilute the solution 
to 50 ml. and digest for IS min. at a 
temperature just short of boiling. Fil- 
ter the residue, wash six times with hot 
water, and digest the filter paper and 
contents in 100 ml. of NaOH (10 g. per 
1.), the solution being held at a tempera- 
ture just short of boiling for 15 min. 
Using methyl red as indicator, acidify 
the solution with HCl and add an excess 
equivalent to 4 or 5 drops of HCl. 
Filter and wash the residue 12 to 15 
times with hot NH. 1 CI (20 g. per L). 


“ This method or any other method designed for the 
estimation of acid-insoluble substance in any type of 
cementis empirical, because the amount obtained depends 
on the reagents and the time and temperature of digestion. 
If the amount is large, there may be a little variation in 
duplicate determinations. The directions should be 
followed closely in order to reduce the variation to a mini- 
mum. When the method is used on blended cement, the 
decomposition in acid is considered to be complete when 
the Portland cement clinker is decomposed completely. 
An NH4CI solution is used in the final washing to prevent 
finely ground insoluble material from passing through 
the filter paper. 
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Ignite tHe residue in a tared crucible 
at 900 to 1000 C., cool it in a desicca- 
tor, and weigh. 

Note. — If a sample of portland cement con- 
tains an appreciable amount of manganic oxide, 
there may be brown compounds of manganese 
wdiich dissolve slowly in cold diluted HCl but 
rapidly in hot HCl in the specified strength. In 
all cases, dilute the solution as soon as decom- 
position is complete. 

(b) Blank . — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the analy- 
sis accordingly. 

(c) Calculation . — Calculate the per- 
centage of insoluble residue to the near- 
est 0.01 by multiplying the gain in weight 
in grams by 100. 

Chloroform-Soluble Organic 
Substances^® 

Reagent 

26. Chloroform . — If the blank deter- 
mination as described in Section 27 (e) 
exceeds 0.0015 g., the chloroform should 
be distilled before use. Chloroform re- 
covered in the procedure may be slightly 
acid but can be reused for the portions 
to be shaken with the aqueous acid solu- 
tion of the sample in the 1 -liter funnel. 
Chloroform used for washing the filter 
and transferring the extract should be 
fresh or distilled from fresh chloroform. 

Procedure 

27. {a) Place 40 g. of cement in a 
large beaker and mix it with 520 ml. of 
water, starting with a small portion of 
the water and stirring the slurry until 


10 This method was specially designed for the deter- 
mination of Vinsol resin and tallow in Portland cement, 
■although mineral oil, common rosin, calcium stearate, 
and other fatty acid compounds, and probably some 
other substances, if present, will be included in the deter- 
mination. With all the apparatus set up,_an experienced 
operator may be able to complete a determination in about 
3 hr. Extreme care is necessary in the entire procedure. 
The method may be applied to other types of cement be- 
sides Portland cement, although if the cement contains a 
large amount of acid-insoluble matter, the emulsions may 
separate slowly, and less vigorous shaking, more chloro- 
form, and more washing may be necessary. 


it is free of lumps and is of a uniform, 
thick consistency before adding the 
balance of the water. Wliile stirring the 
slurry to a uniform suspension, add 
rapidly 185 ml. of HCl in which 10 g. of 
SnCl 2 - 2 H 20 have been dissolved, and 
continue the stirring. When the cement 
is completely decomposed, cool the solu- 
tion rapidly to room temperature by 
immersion in cold water, while stirring 
occasionally. Transfer the solution to 
a 1-liter Squibb separatory funnel 
(Note 1) and rinse the beaker with a 
little water. Add 75 ml. of chloroform 
to the solution, rinsing the beaker with 
the chloroform in three portions as it is 
added. Stopper the funnel, shake it 
vigorously for 5 min., and allow the 
water and chloroform to stand 15 min. 
to separate. 

Note 1. — The use of grease to lubricate the 
stopcocks and glass stoppers of the separatory- 
funnels should be avoided. Wetting the stop- 
cocks with water before using will assist in their 
easy operation. 

{b) Draw off the lower chloroform 
layer into a 125-mL Squibb separatory 
funnel, including the scum (Note 2) 
with a few milliliters of the aqueous 
solution, making certain that all the 
scum is transferred. Keep the amount 
of the aqueous layer transferred to an 
absolute minimum, since excessive water 
in the 125-ml. funnel may result in in- 
complete extraction of the scum and 
may cause an emulsion which does not 
separate readily. Shake the funnel vig- 
orously to insure the complete extrac- 
tion of the scum. Allow the chloroform 
to separate, and draw it into a 250-ml. 
Squibb separatory funnel which contains 
50 ml. of water and a few drops of HCl, 
making sure to keep the scum behind in 
the 125-ml. funnel. Shake the 250-ml. 
funnel, and draw the chloroform into 
another 250-ml. funnel that contains 50 
ml, of water and a few drops of HCl 
Shake this funnel as in the case of the 
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first 250-inl. funnel. When the chloro- 
form separates, draw it into an Erlen- 
meyer flask (Note 3), taking care not to 
allow any water to enter the flask. 

Note 2.— There is usually a dark colored 
scum at the liquid interface. It may contain 
chloroform-soluble organic substance after shak- 
ing in the funnel, where the proportion of water 
to chloroform is great. It may be concentrated 
and confined to a small volume by gently twirling 
the funnel after the scum has been drawn into 
the narrower part of the funnel. 

Note 3. — The liquid is later distilled. No 
cork or rubber stoppers should be used. A 
250- or 300-ml. soil analysis flask, fitted with a 
condenser tube by means of a ground joint, is 
satisfactory. The tube may be bent near tire 
neck and the remaining part fitted with a water- 
cooling jacket. Chloroform thus recovered 
may be reused as directed in Section 26. 

(c) Rinse the original large beaker 
with 25 ml. of chloroform, and add the 
liquid to the 1-liter separatory funnel. 
Carry out the operations as described 
above, retaining the original wash water 
in the 250-ml. funnels. Repeat, using 
another 25-ml. portion of chloroform. 

(d) Distill the combined chloroform 
extracts in the Erlenmeyer flask until 
their volume is reduced to 10 to 15 ml. 
Filter the remaining liquid into a 
weighed 100-ml. glass beaker or platinum 
dish (Note 4) through a small filter paper 
that has been washed with chloroform. 
Rinse the flask and wash the paper with 
several small portions of chloroform. 
Evaporate the extract at a low tem- 
perature (not over 63 C.) to dryness 
(Note 5) and heat it in an oven at 57 
to 63 C. for 3 min. Pass dry air into 
the vessel for 15 sec., cool, and weigh. 
Repeat the heating and weighing until 
two successive weighings do not differ 
by more than 0.0010 g. The higher of 
the last two weights is taken as the true 
weight. 

Note 4, — A platinum dish is preferable, as 
it quickly attains the temperature of the balance. 
If a glass beaker is used, it should be allowed to 


stand in the case of the balance for at least 20 
min. before the weighing. 

Note 5 . — Care should be taken in drying the 
extract, as many of the chloi-oform-soluble organic 
substances are somewhat volatile when heated 
for a long time at even moderate temperatures. 
With protection from the accumulation of dust, 
the solution may be evaporated at room tempera- 
ture overnight. 

When a quick evaporation is desired, the solu- 
tion may be evaporated on a hot plate at a low 
heat under a stream of dry air through a glass 
tube (about 1 cm. in inside diameter) until it is 
about 0.3 cm. in depth. Then remove the vessel 
from the hot plate and continue a slow stream 
of dry air until the residue appears dry. Then 
continue with a more rapid streanr of dry air for 
5 min. at room temperature before placing the 
vessel in the oven at 57 to 63 C. After each 
3-min. heating period in the oven, pass dry air 
into the vessel for about 15 sec. before weighing. 
The air may be dried by passing it through a 
cheap desiccant, such as calcium chloride or 
sulfuric acid, followed Idv a desiccant of high 
efficiency, such as magnesium perchlorate or 
anhydrous calcium sulfate, with care taken to 
avoid the carrying of dust from the desiccant by 
the air. Instead of using compressed air, whicli 
is often contaminated with oil, dirt, and mois- 
ture, one can place the chloroform solution under 
a bell glass and induce a stream of air through 
the desiccants by means of an aspirator or 
vacuum pump. 

(e) Blank . — Make a blank determina- 
tion, using 40 g. of the cement which is 
ignited at 950 to 1000 C. for 1 hr. 
(Note 6) and regronnd, following the 
same procedure and using the same 
amounts of reagents, and correct the 
results obtained in the analysis accord- 
ingly. 

Note 6. — Care should be taken to completely 
burn off the organic substance. A 100-ml. 
flat platinum dish, in which the sample is w'ell 
spread out, and a muffle furnace are advised 
for this purpose. If such a furnace is not avail- 
able, a large high-temperature Ijurner of the 
Meker type may be used. Thorough stirring 
of the sample should be done frequently — every 
5 min. when a burner is used. 

(f) Calculation . — Calculate the per- 
centage of chloroform-soluble organic 
substances to the nearest 0.001 by mul- 
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tipl3nng the weight in grams of residue 
(Note 7) by 2.5, (100 divided by the 
weight of sample used (40 g.). 

Note 7. — If the organic substance in the 
cement is tallow, the residue is the fatty acids 
resulting from the hydrolysis of the tallow in the 
hot acid solution, and its weight should be 
multiplied by 1 .05 to give the weight of the origi- 
nal gb'cerides in the tallow. If the original 
substance is calcium stearate, the residue is 
stearic acid, and its weight multiplied by 1.07 
gives the weight of calcium stearate. 

Free Calcium Oxide in Portland 
Cement and Clinker 
Reagents 

28. (a) Phenol phthalein Indicator . — 

Dissolve 1 g. of phenolphthaleiii in 100 
ml. of absolute ethanol, and neutralize 
the solution with NaOH dissolved in 
absolute ethanol. 

{b) Glycerol- Ethanol Solvent. — Prepare 
a solution consisting of 1 part by volume 
of glycerol (Note 1) and 5 parts by vol- 
ume of absolute ethanol (Note 2). To 
each liter of this solution add 2 ml. of 
the indicator. The solvent should be 
slightly alkaline (Note 3) to the indica- 
tor. If the solvent is colorless, add a 
dilute solution of NaOPI in absolute 
ethanol until a slight pink color appears. 
If the initial color is pink, remove it with 
the standard, ammonium acetate solu- 
tion (Paragraph (c)) and add the NaOH 
solution until a slight pink color appears. 
Heat 60 ml. of the solvent to boiling. 
If the pink color persists, add one small 
drop of the standard solution of am- 
monium acetate (0.02 ml., equivalent to 
0.0001 g. CaO) to the hot solvent. If 
the pink color does not disappear, the 
solvent contains too much alkali, which 
should be reduced. The solvent, if 
allowed to stand for a considerable length 
of time, may become slightly acid and 
should be checked and, if necessary, re- 
adjusted from time to time. (Note 4.) 

Note 1. — The glycerol should conform to the 
requirements for glycerol of the Committee on 


Analytical Reagents of the American Chem- 
ical Society.® Water is not usually included by 
the manufacturer in the list of impurities on the 
label but is usually present. The water content 
should not exceed about 5 per cent. The test 
should be made with a pycnometer at 25 C. and 
the specific gravity at 25/25 C, should be not 
less than 1.249. 

Note 2. — ^Absolute ethanol may be replaced 
by anhydrous ethanol denatured according to 
Formula No, 3a or 2b of the U. S. Bureau of 
Internal Revenue. The alcohol is 95 per cent 
ethanol and 5 per cent methanol according to 
Formula No. 3a or 99.5 per cent ethanol and 
0.5 per cent benzol according to Formula No. 

2b. 

Note 3. — While a solvent that is exactly 
neutral at the boiling point is the ideal, it is 
difficult to prepare due to the end point not 
being sharp and the danger of adding too much 
ammonium acetate. The error due to slight 
alkalinity is not more than 0.01 per cent in a 
determination of free CaO and may be disre- 
garded. In preparing the solvent, the end point 
may be better observed if the solvent is put in a 
tall cylinder placed on white paper. The 
solvent may be observed from the top and the 
color matched with that of acidified solvent in a 
similar cylinder. 

Note 4. — Glycerol and ethanol are highly 
hygroscopic. Every effort should be made to 
avoid exposing them and other materials un- 
necessarily to w’ater and CO 2 in air. Bottles 
with an outlet near the bottom or fitted with a 
siphon are convenient. They can be filled to the 
top and protected with tubes containing soda 
lime. Condensers may also be fitted with such 
tubes at the top. 

(c) Standard Ammonium Acetate Solu- 
tion (i ml. — 0.005 g. CaO). — Prepare a 
standard solution of ammonium acetate 
in absolute ethanol as follows: Dissolve 
16 g. of crystalline ammonium acetate 
(Note 5) in 1 liter of ethanol. Standard- 
ize this solution by titrating against 
pure CaO that is freshly prepared by 
calcining pure calcium carbonate or cal- 
cium oxalate in a platinum crucible at 
900 to 1000 C. to constant weight. 
When the calcined CaO has cooled in a 
desiccator, perform the following opera- 
tions in quick succession : grind it in an 
agate mortar, weigh out 0.05 to 0.06 g. 
into a dry 200- or 250-ml. Erlenmeyer 
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flask, and add 60 ml. of the glycerol- 
ethanol solvent to' the flask (Note 6). 
Disperse the CaO in the solution by shak- 
ing the flask and attach a reflux con- 
denser (Note 7). Boil the mixture. 
The ebullition should be positive but 
not so violent as to cause bumping or 
excessive evaporation. Then remove 
the condenser and immediately titrate 
the solution, while near boiling, with the 
standard ammonium acetate solution. 
Replace the condenser and boil the solu- 
tion again. Repeat the titrations at in- 
tervals (Note 8). Shake the flask fre- 
quently between titrations to shorten 
the time required for the boiling. The 
titration is complete when no further 
color appears in the solution during con- 
tinuous boiling for 1 hr. (Note 9). Cal- 
culate the CaO equivalent of the am- 
monium acetate solution in grams per 
milliliter by dividing the weight of CaO 
used by the volume of solution required. 

Note 5. — Ammonium acetate is generally- 
sold in a damp condition and should be as dry 
as possible . It may be dried over a drying agent 
for two weeks or more. 

Note 6. — Sometimes pure CaO will cake on 
the bottom of the flask, particularly if the 
glycerol is anhydrous. This trouble may be 
avoided by putting a few grams of clean, dry 
quartz sand in the flask before the introduction 
of CaO and solvent. 

Note 7. — If a new stopper is used and has 
wliite powder on it, it should be thoroughly 
washed before using. A glass tube about 6 
mm. in diameter and 50 to 100 cm. in length 
may be used as an air-cooled condenser, but a 
short condenser is not recommended because 
a loss of alcohol is liable to occur through evapor- 
ation. In such a case it is necessary to add 
neutralized ethanol from time to time to main- 
tain the same proportion of glycerol to ethanol. 
If the proportion is greater than one to three, 
a partial decomposition of cement may take 
place. Instead of an ordinary flask, plain 
tubing, and a stopper, a flask with a ground-in 
glass stopper and condenser tube may be used, 
preferably one with a standard-taper joint. A 
water-cooled condenser is the most satisfactory 
and it may be as short as 1 ft. Some loss of 
alcohol may also occur through dripping from 


the condenser during the titrations and should 
be compensated for by the addition of neutral- 
ized ethanol. 

Note 8. — ^In general the intervals may be 20 
min. but they will chiefly depend on the rapidity 
of the dissolution of CaO. They may be 5 to 10 
min. in the beginning and then be increased to 
30 min, or 1 hr. in the end. If the solution 
contains a large amount of dissolved CaO and 
its boiling is continued a long time without 
titration, crystals (probably calcium glyceride) 
may form which dissolve slowly and increase 
the time required for the completion of the 
titration. 

Note 9. — ^The end point will not be the same 
for a hot solution and a cold solution, especially 
when a large amount of calcium acetate is pres- 
ent. The titration should always be carried out 
while the solution is boiling hot. If the end 
point is determined accurately, the solution will 
turn pink upon cooling, and this can serve as 
evidence that the end point has not been greatly 
overstepped. 

Procedure 

29. (a) Weigh 1 g. of finely ground 
clinker or cement (Note 1) into a flask, 
add 60 ml. of the solvent to the flask, 
and proceed as in the standardization 
of the ammonium acetate solution (Sec- 
tion 28 (c)). The end point is con- 
sidered to be reached when the content 
of free CaO in the sample does not in- 
crease by more than 0.05 per cent during 
the last 2 hr. of boiling (Note 2). 

Note 1. — ^The method is designed especially 
for fresh clinker. As the method does not 
differentiate between free CaO and free Ca(OH) 2 , 
any free Ca(OH )2 that may be present will be 
included in the determination and calculated as 
free CaO. The method may be applied to 
cement or aged clinker, if desired, but the pos- 
sibility of the presence of free Ca(OH )2 should 
be kept in mind. 

The sample should be fine enough to pass 
completely through a standard No. 200 (74- 
rrucron) sieve. If it is not, take about 1.2 g. 
of the sample and sieve it with a small clean 
No. 200 (74-imcron) sieve. Grind the residue 
in an agate mortar until it is fine enough to pass 
through the sieve. Mix all the screenings and 
ground residue thoroughly, grind slightly over 
1 g. rapidly in the agate mortar for 2 or 3 min., 
and take 1 g. for the determination of free CaO. 
Avoid unnecessary exposure of the sample 
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to the atmosphere. If the sample is fine 
enough to pass completely through the sieve, 
grind slightly over 1 g. as above before weighing 
1 g. for the determination. 

Note 2. — No excess of ammonium acetate 
should be added at any time because an excess 
of it may react with calcium aluminate and 
silicates. To avoid such excess, use a small 
burette or measuring pipette fitted with a glass 
stopcock or a rubber pinchcock and small tip 
which delivers about SO drops per milliliter. If 
the titrations are far apart and the reagent 
evaporates in the tip, a few drops may be dis- 
carded before each titration and the drops used 
in titration may be counted and converted in 
terms of milliliters. It is a good precaution to 
allow a slight pink color to remain in the solution 
after each of the early titrations. 

Vigorous boiling is more essential with cement 
than with pure CaO and, if possible, should 
be so conducted tliat it is not necessary to shake 
the flask vigorously at intervals. The flask 
should not be shaken vigorously while it is 
disconnected from the condenser because the 
solvent, if superheated, may boil, exjiel alcohol 
vapor, and then draw in air carrying water and 
CO2. A good procedure is to bring the solution 
and sample to boiling rapidly over a bunsen 
flame in the beginning before placing the flask 
on a hot plate and connecting it with the con- 
denser. If there is a tendency to bump, it 
may be reduced by adding glass beads or pure 
quartz sand to the flask or putting a thin mat 
of asbestos between the flask and the hot plate. 

If in the final titrations there is doubt as 
to the exact end point, add a drop of the indi- 


cator to the quiescent liquid in the flask and 
carefully observe the point where the indicator 
strikes the liquid. If no color appears, the end 
point has been reached. If the sample settles 
during boiling and leaves a partially clear layer 
of solution, another way to overcome difficulty 
in discerning a change in the color of the solution 
is to swirl the flask after the addition of the 
solution of ammonium acetate so as to avoid the 
dispersion of the sample, A strong daylight 
lamp with a reflector may be used as an aid in 
the discernment of the end point. The contents 
of the flask may be matched with similar con- 
tents in another flask which contains an excess 
of ammonium acetate. 

If it is necessary to leave the determination 
uncompleted, remove the flask, add just enough 
ammonium acetate to discharge the pink color, 
and stopper the flask tightly. When renewing 
the determination, boil the mixture before 
repeating the titrations. 

(b) Calculation . — Calculate tlie per- 
centage of free CaO to the nearest 0.1 
as follows: 

Free CaO, per cent = EV X 100 

where : 

E = CaO equivalent of the ammonium 
acetate solution in grams per 
milliliter, and 

V = milliliters of ammonium acetate 
solution required by the sample. 

3 METHODS 


Note.— The alternate methods described in 
Sections 30 to 43, inclusive, are provided for 
those who wish to use procedures shorter or more 
convenient than the preceding ones for the 
routine determination of certain components. 
In case of dispute, results obtained according to 
Sections 8 to 29, inclusive, shall govern. 

Silicon Dioxide 

Alternate Method 

Procedure 

30. {a) Mix thoroughly 0.5 g. of the 
sample and about 0.5 g. of NH4CI in a 
50-ml. beaker, cover the beaker with a 
watch glass, and add cautiously 5 ml. of 
HCl, allowing the acid to run down the 


lip of the covered beaker. After the 
chemical action has subsided, lift the 
cover, add one or two drops of HNO3, 
stir the mixture with a glass rod, replace 
the cover, and set the beaker on a water 
bath for 30 min. (Note 1). During 
this time of digestion, stir the contents 
occasionally and break up any remain- 
ing lumps to facilitate the complete 
decomposition of the cement. Fit a 
medium-texture filter paper to a funnel, 
transfer the precipitate to the filter as 
completely as possible without dilution, 
and allow the solution to drain through. 
Scrub the beaker with a rubber police- 
man and rinse the beaker and policeman. 
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Wash the filter two or three times with 
hot HCl (1:99) and then with ten or 
twelve small portions of hot water, 
allowing each portion to drain tlirough 
completely. Reserve the filtrate and 
washings for the determination of AI2O3 
+ Fe^Os (Note 2). 

Note 1. — A hot plate may be used instead of 
a water bath if the heat is so regulated as to 
approximate that of a water bath. 

Note 2. — Determine AlaOa +■ FeaOa by the 
procedure described in Section 9. Reserve the 
combined filtrates for the determination of 
CaO (Section 13 or 32). 

(b) Transfer the filter paper and resh 
due to a weighed platinum crucible, 
dry, and ignite, at first slowly until the 
carbon of the paper is completely con- 
sumed without inflaming and finally at 
1050 to 1100 C. for 1 hr. Weigh the 
residue as Si02. 

(c) Blank. — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the 
analysis accordingly. 

(d) Calculation. — Calculate the per- 
centage of Si02 to the nearest 0.1 by 
multiplying the weight in grams of 
Si02 by 200, (100 divided by the weight 
of the sample used (0.5 g.)). 

Calcium Oxide 
Alternate Method 

Note. — See Note immediately preceding 
Section 30. 

Reagents 

31. Standard Potassium Perman- 
ganate Solution {0.18 N). — Prepare a 
solution of KMnOi on the basis of 5.64 
g. per 1. The solution should not be 
filtered through any filter containing or- 
ganic matter. It is most convenient to 
siphon off clear solution without dis- 
turbing tlie sediment on the bottom of 
the bottle. Standardize the solution 
against 0.7500 g. of sodium oxalate oxi- 


dimetric standard furnished by the 
National Bureau of Standards (standard 
sample No. 40) according to the direc- 
tions furnished with the sodium oxalate. 
If the burette reading is 62.77 ml., the 
solution contains 0.0056357 g. of KMnO.! 
per milliliter, which is equivalent to 
exactly 0.005 g. of CaO. Because of 
impurities and deterioration, the reading 
in the standardization is usually not 
62.77 ml. Calculate the CaO equivalent 
of the solution in grams per mill liter as 
follows : 

0.31385 

where: 

E = CaO equivalent of the KMnO <1 
solution in grams per milli- 
liter, 

V — milliliters of KMnO 4 solu- 
tion required by 0.7500 g. 
Na2C204, and 

0.31385 = 62.77 multiplied by 0.005. 

Note. — The solution is intended to be equiva- 
lent to 0.005 g. of CaO per milliliter, or 1 per 
cent CaO in a 0.5-g. sample for each milliliter. 
The numbers 0.0056357 and 62.77 are obtained 
as follows: 0.005 g. of CaO multiplied by the 
molecular ratio of 2 KMn0.i to 5 CaO gives 
0.0056357 g. of KMn0.i. 0.75 g. of NaaCAO.! 
multiplied by the molecular ratio of 2 KMnOi 
to 5 NaaCzOi gives 0.35375 g. of KMn04. 
0.35375 g. divided by 0.0056357 g. per ml. gives 
62.77 ml. 

Procedure 

32. (a) Add a few drops of NH40Ii to 
the combined filtrates obtained in the 
determination of AI2O3 + Fe203, (Note 
2, Section 30), and bring the solution to 
boiling. Add to the boiling solution 25 
ml. of boiling ammonium oxalate (50 
g. per 1.) and continue the boiling for 5 
to 10 min.; then allow the solution to 
stand for 15 to 20 min. Filter, and wash 
the precipitate eight to ten times with 
hot water, the total amount of water 
used in rinsing the beaker and washing 
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not to exceed 75 ml. Reserve tlie 
filtrate for the determination of MgO 
(Section 33). Wash the precipitate back 
into the original beaker, and add 200 ml. 
of water and 10 ml. of H2SO4 (1:1). 
Heat the solution just short of boiling, 
and titrate it with the standard KMn04 
solution (Note 1) to a permanent pink 
color. Add the filter paper and macerate 
it. Continue the titration slowly until 
the pink color is permanent for 10 sec. 

Note 1. — The temperature of the ‘standard 
KMnOi solution should not vary from its stand- 
ardization temperature so much as to cause a 
serious error in the determination of CaO. At 
ordinary room temperatures the volume of pure 
water changes to the extent of 0.01 to 0.04 per 
cent for each degree Centigrade, depending on 
the temperature. 

(b) Blank. — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents 
(Note 2), and correct the results ob- 
tained in the analysis accordingly. 

Note 2. — ^When the amount of calcium oxa- 
late is very small, its oxidation by KMn 04 is 
slow to start. Before the titration, add a little 
MnSOi to the solution to catalyze the reaction. 

(c) Calculation, — Calculate the per- 
centage of CaO to the nearest 0.1 as 
follows: 

CaO, per cent = EV X 200 

where: 

E = CaO equivalent of the KMn04 
solution in grams per milliliter, 
V — milliliters of KMn04 solution 
required by the sample, and 
200 = 100 divided by the weight of 
sample used (0.5 g.). 

Magnesium Oxide 

Note. — Alternate method A may be used 
when it is desired to determine MgO in the 
filtrate from the determination of CaO (Section 
32). Alternate method B or C may be used 
when the determinations of SiOo, AI2O3, Fe203, 
and CaO are omitted. 


Alternate Method A 
Rapid Gravimetric Determination 

Note.— S ee Note immediately preceding 
Section 30. 

Procedure 

33. (a) Acidify the filtrate from the 
determination of CaO (Section 32) with 
HCl and evaporate by boiling to about 
250 ml. Cool the solution to room 
temperature, and add 10 ml. of 
(NH4)2HP04 (100 g. per 1.) and 30 ml. of 
NH4OH. Stir the solution vigorously 
during the addition of NH4OH and then 
for 10 to 15 min. longer. Let the solu- 
tion stand for at least 8 hr. in a cool 
atmosphere and filter. Wash the resi- 
due five or six times with NH4OH 
(1:20) and ignite in a tared crucible, at 
first slowly until the filter paper is 
charred and then burned off, and 
finally at 1050 to 1100 C. for 30 to 45 
min. Weigh the residue as Mg2P207. 

{b) Blank. — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, 
and correct the results obtained in the 
analysis accordingly. 

(c) Calculation. — Calculate the per- 
centage of MgO to the nearest 0.1 as 
follows: 

MgO, per cent == W X 72.4 

where: 

W — grams of Mg2P207, and 
72.4 = molecular ratio of 2 MgO to 
Mg2P207 (0.362) divided by the 
weight of sample used (0.5 g.) 
and multiplied by 100. 

Alternate Method B 
Rapid Determination by Alkalimetry 
Note. — See Note immediately preceding 
Section 30. 

Reagents 

34. {a) Trinitrohensene Indicator . — 
Dissolve 1.0 g. of 1-3-5-trinitrobenzene 
in 100 ml. of etlianol (95 to 100 per cent). 
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(b) PhenolpMhalein Indicator. — Dis- 
solve 0.4 g. of phenolphtlialein in 100 ml. 
of ethanol (50 per cent). 

(c) Standard Sodium Hydroxide Solu- 
tion (0.33 N). — Dissolve 13.0 g. of NaOH 
in water, add 10 ml. of a freshly filtered, 
saturated Ba(OH)2 solution, and dilute 
to 1 liter with water that has been re- 
cently boiled and cooled. Shake the 
solution from time to time for several 
hours, and filter into a tubulature bottle 
fitted with an automatic burette. Pro- 
tect the solution from CO2 in the air, 
with soda-lime tubes at the top of the 
bottle and the burette. 

Standardize against acid potassium 
phthalate or benzoic acid acidimetric 
standards furnished by the National 
Bureau of Standards (standard samples 
Nos. 84 and 39), using the methods in 
the certificates accompanying the stand- 
ard samples. Determine the exact nor- 
mality of the solution, and calculate its 
MgO equivalent on the basis that 1 ml. 
of 1 iV NaOH is equivalent to 0.02016 
g. of MgO. 

(d) Standard Acid Solution (0.33 N). 
— Dilute 32.0 ml. of HCl or 26.0 ml. of 
HNO3 to 1 liter with distilled water. 
Standardize against the standard NaOH 
solution, using phenolphthalein indi- 
cator, and adjust by dilution until the 
two standard solutions of alkali and 
acid are of equal strength. 

(e) Potassium Iodide-Starch Paper . — 
Mix equal volumes of XI (50 g. per 1.) 
and soluble starch solution (10 g.per 1.), 
and dip strips of filter paper into the 
mixture. 

Procedure 

35. (a) To 5.0 g. of the sample of ce- 
ment in a 600-ml. beaker, add about 50 
ml. of water and 50 ml. of HCl (1:1) 
and boil until the cement is completely 
in solution, excepting possibly some SiOz 


which may separate out (Note 1). Add 
5 ml. of saturated bromine water and 
continue the boiling until the excess 
bromine is completely expelled, as indi- 
cated by the absence of a blue coloration 
on potassium iodide-starch paper when 
held in the issuing steam. Dilute the 
solution to about 250 ml. with hot water 
and add NaOH (200 g. per 1.) to the 
boiling solution from a pipette until the 
excess acid is neutralized and a perma- 
nent precipitate just forms. Continue 
the boiling and carefully add HCl (1:1) 
from a pipette until the precipitate dis- 
solves and the solution assumes a yellow 
FeCls color, avoiding much excess of 
acid. Wash down the sides of the beaker 
with hot water and continue the boiling 
for 1 or 2 min., and then remove the 
beaker from the burner. 

Note 1. — Some samples of cement, particu- 
larly those containing considerable iron or 
manganese, may require longer boiling or the 
addition of slightly more HCl to effect complete 
solution. 

(b) Cautiously add to the solution 
4.0 g. of CaCOs (weighed to the nearest 
0.1 g.). This amount should be suf- 
ficient to completely neutralize the acid, 
with some excess. Dilute the solution 
to about 400 ml. with hot water and boil 
vigorously for about 10 min. Remove 
the beaker from the burner or hot plate, 
and from a burette carefully add KMn04 
(5 g. per 1.) to the hot solution, while 
stirring vigorously, until the supernatant 
liquid shows a faint pink color after 
settling a moment. Avoid the use of 
more XMnO^ than necessary to produce 
a faint pink color. Continue the boil- 
ing for 2 min., add 2.0 ml. of ethanol, 
and continue the boiling for a few 
minutes or until the pink color has dis- 
appeared (Note 2). 

Note 2.— The purpose of the addition of 
KMn04 is to remove manganese from the sample, 
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which otherwise would be precipitated and re- 
ported as MgO. The ]K.Mn 04 in a hot solution 
oxidizes the manganese to insoluble Mn 02 
and is itself reduced to Mn02. The ethanol 
precipitates the excess KMn 04 as MnOa. In 
samples containing little or no manganese, this 
portion of the procedure may be omitted. 

(c) Transfer the contents of the beaker 
to a 500~ml. volumetric flask, cool to 
room temperature, dilute to the mark, 
and mix by shaking. Filter the solution 
through dry paper and, after discarding 
the first 10 or 20 ml. of filtrate, transfer 
200 ml. of the filtrate with a pipette to a 
500-ml. Erlenmeyer flask. Heat the 
solution in the flask to boiling and add 

3.0 ml. of trinitrobenzene indicator. 
Add standard NaOFI solution, 1.0 ml. at 
a time, with intermittent boiling for a 
few seconds, until the magnesium is com- 
pletely precipitated and a definite pink 
color persists on boiling. Record the 
total amount of NaOFI used (Note 3). 

Note 3. — Enough standard NaOH solution 
should be added to completely precipitate the 
magnesium without too large an excess which 
might cause some precipitation of calcium. A 
guide to proper procedure is the amount of back- 
titration with acid, which should be held between 

1.0 and 2.0 ml. (after being doubled). A little 
experience with the color change of the trinitro- 
benzene indicator will enable the operator to 
hold the back-titration between these limits. 

(d) Transfer the solution to a 250-ml. 
volumetric flask, cool to room tempera- 
ture, dilute to the mark, and mix by 
shaking. Filter the solution through a 
dry paper into a graduated cylinder, dis- 
carding the first 10 or 20 ml. of filtrate, 
until 125 ml. of the filtrate are secured. 
Transfer 125 ml. of the filtrate to a flask, 
add a few drops of phenolphthalein indi- 
cator, and titrate the solution with stand- 
ard acid solution to the disappearance of 
the pink color. 

(e) Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 


correct the results obtained in the analy- 
sis accordingly. 

(/) Calmlation . — If the acid and alkali 
solutions are of equal strength, the quan- 
tity of alkali in milliliters minus twice the 
quantity of acid in milliliters is equiva- 
lent to the MgO in a 2-g. sample. Calcu- 
late the percentage of MgO to the nearest 
0.1 as follows: 

MgO, per cent = £ (Ei — IV^ X 50 
where: 

E = MgO equivalent of the standard 
alkali in grams per milliliter, 

Vi = milliliters of standard NaOH solu- 
tion used, 

F2 = milliliters of standard acid used, 
and 

50 = 100 divided by the weight of sam- 
ple (2 g.) involved in the titration. 

Alternate Method C 

Rapid Determination by Titration of 
Magnesium Oxyquinolate 

Note. — See Note immediately preceding 
Section 30. 

Reagents 

36. (a) 8-Eydroxyquinoline Solution — 
Dissolve 25 g. of 8-hydroxyquinoline 
in 60 ml. of glacial acetic acid. When 
the solution is complete, dilute to 2 liters 
with cold water. One milliliter of this 
solution is equivalent to 0.0016 g. of 
MgO. 

(6) Standard Sodium Thiosidfate Solu- 
tion {0.1 N ). — ^Dissolve 25 g. of Na2S203- 
5FI2O in 200 ml. of water and dilute to 1 
liter. Standardize this solution either on 
sodium oxalate through a KMn04 solu- 
tion, or on AS2O3 through a solution of 
resublimed iodine. Standard samples 
Nos. 40 and 83 of the National Bureau of 
Standards are convenient for this pur- 
pose. One milliliter of exactly 0.1 N 
Na2S203 is equivalent to 0.000504 g. of 
MgO. 
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(c) Standard Potassium Bromate - 
Potassium Bromide Solution (0.2 N). 
Dissolve 20 g. of KBr and 5.57 g. of KBrOs 
in 200 ml. of water and dilute to 1 liter. 
Obtain the ratio of the strength of this 
solution to that of the standard NaaSgOs 
solution as follows: To 200 ml. of water 
in a 400-ml. beaker add exactly 25 ml. of 
the standard KBrOa - KBr solution. 
Add 20 ml. of HCl, stir, and add imme- 
diately 10 ml. of KI (250 g. per 1.). 
Mix well and titrate at once with the 
NaaSaOs solution until nearly colorless. 
Add 2 ml. of starch solution, and titrate 
to the disappearance of the blue color. 
Calculate the ratio in strength of the 
standard KBrOs - KBr solution to the 
standard NaaSaOs solution by dividing 
the volume of NaaSaOs solution by the 
volume of KBrOa - KBr solution used in 
the titration. 

(d) Starch Solution. — To 500 ml. of 
boiling water add a cold suspension of 
5 g. of soluble starch in 25 ml. of water, 
cool, add a cool solution of 5 g. of NaOH 
in 50 ml. of water, add 15 g. of KI, and 
mix thoroughly. 

Procedure 

37. (a) To 0.5 g. of the sample of ce- 
ment in a 400-mL beaker add 10 ml, of 
water and 10 ml. of HCl. Heat gently 
and grind any coarse particles with the 
flattened end of a glass rod until decom- 
position is complete. Add hot water to 
make a total volume of 100 ml. 

(b) Add 3 drops of methyl red indica- 
tor (2 g, per liter of ethanol) to the 
solution and then add NH 4 OH until the 
solution is distinctly yellow. Heat this 
solution to boiling and boil for 1 to 2 
min. Remove from the burner or hot 
plate and allow to stand until the 
precipitate has settled. Filter the solu- 
tion without delay and wash the precipi- 
tate twice with hot NH 4 CI (20 g. per 1.). 
Transfer the precipitate with the filter 


paper to the beaker and dissolve in 10 
ml. of HCl (1:1). Dilute to about 100 
ml , and heat to boiling. Reprecipitate, 
filter, and wash the hydroxides as above. 
Add 1 ml. of NFI4OH to the filtrate, 
tleat the filtrate to boiling and, while 
boiling, add 25 ml. of hot ammonium 
oxalate (50 g. per 1.) and continue the 
boiling for 2 min. Continue the digestion 
on the steam bath for 10 to 15 min. 

(c) Cool the solution to 70 C. and add 
10 to 25 ml. of the 8-hydroxy quinoline re- 
agent (Note 1) and then 4 ml. of NH4OH 
per 100 ml. of solution. Stir the solution 
on a mechanical stirring machine for 15 
min. and set aside until the precipitate 
has settled (Note 2). Filter the solution 
and wash the precipitate with hot 
NH4OH (1:40), Dissolve the precipitate 
in 50 to 75 ml, of hot HCl (1 : 9), dilute the 
resulting solution to 200 ml, and add 15 
ml. of HCl. Cool the solution to 25 C. 
and add 10 to 35 ml. of the standard 
KBrOs - KBr solution (Note 3) from a 
pipette. Stir the solution and allow to 
stand for about 30 sec. to insure complete 
bromination. Add 10 ml. of KI (250 g. 
per 1.). Stir the resulting solution well 
and then titrate with the standard 
NaaSsOs solution until the color of the 
iodine becomes faintly yellow. At this 
point add 2 ml. of the starch solution 
and titrate the solution to the disappear- 
ance of the blue color. 

Note 1. — An excess of the 8-hydroxy quino- 
line reagent should be used. If it is small the 
result of the determination of MgO may be low; 
on the other hand, if it is large the result may be 
high. The following guide may be used. 

Approximate Content Approximate Amount of 

of MgO, per cent Reagent Required, ml. 

Otol.5 10 

1.5 to 3.0 IS 

3.0 to 4.5 20 

4.5 to 6.0. 25 

Note 2 .- — The precipitate should be filtered 
within an hour. Prolonged standing may cause 
high result. 
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Note 3. — The amount of the standard 
KBrOs - KBr solution used may be as follows: 

Amount of Standard 
Approximate Content KBrOs - KBr Solu- 

of MgO, per cent tion, ml. 

0 to 1 ^ . 10 

lto2 15 

2 to 3 20 

3 to 4... 25 

4 to 5 30 

5 to 6 35 

(d) Blank. — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the analy- 
sis accordingly. 

(e) Calculation. — Calculate the per- 
centage of MgO to the nearest 0.1 as 
follows (Note 4) : 

MgO, per cent = E (JiR - F^) X 200 
where: 

E = MgO equivalent of the NagSsOs 
solution in grams per milliliter, 

Vi — milliliters of KBrOs - KBr solution 
used, 

R = ratio in strength of the KBrOs - 
KBr solution to the NaaSzOs solu- 
tion, 

F2 == milliliters of Na2S203 solution 
used, and 

200 = 100 divided by the weight of sam- 
ple used (0.5 g.). 

Note 4 . — ViR represents the volume of 
Na 2 S 203 solution equivalent to the volume of 
KBrOs - KBr solution used. F 2 represents the 
amount of Na 2 S 203 required by the excess 
KBrOa - KBr which is not reduced by magne- 
sium oxyquinolate. 

Phosphorus Pentoxide 
Alternate Method 

Note. — See Note immediately preceding 
Section 30. 

Reagents 

38. (a) Ammonium Molybdate Solu- 
tion. — Prepare the solution in accordance 
with Section 21 (a). 

(b) Standard Sodium Hydroxide Solu- 


tion (0.5 iV).— Dissolve 12 g. of NaOH 
in 1 liter of water that has been freshly 
boiled to expel CO2 an d cooled. Add 1 0 ml. 
of a freshly filtered, saturated solution of 
Ba(OH)2. Shake the solution frequently 
for several hours, and filter it. Protect 
it from contamination by CO2 in the air. 
Standardize the solution against stand- 
ard acid potassium phthalate (standard 
sample No. 84) or benzoic acid (standard 
sample No. 39) furnished by the National 
Bureau of Standards, according to the 
directions furnished with the standard. 
Calculate the P2O5 equivalent (Note) of 
the solution in grams per milliliter as 
follows: 

E = iV X 0.003086 

where: 

E — P2O5 equivalent of the Na- 
OH solution in grams per 
milliliter, 

N = normality of the NaOH solu- 
tion, and 

0.003086 = P2O5 equivalent of 1 A” Na- 
OH in grams per milliliter. 

Note. — ^The value of the solution is based 
on the assumption that the phosphorus in 
cement is precipitated as 2 (NH 4 ) 3 P 04 - I 2 M 0 O 3 
and that the precipitate reacts with the NaOH 
solution thus: 

2 (NH 4 ) 3 P 04 - 12 Mo 03 + 46NaOH == 

2(NH4)2HP04 + (NH4)2Mo04 + 23Na2Mo04 
-b 22H2O. 

The number 0.003086 is obtained by dividing 
the molecular weight of PoOs (141.96) by 46 
(for 46 NaOH in the equation) and by 1000 
(number of milliliters in 1 liter). 

As the actual composition of the precipitate 
is influenced by the conditions under which the 
precipitation is made, it is essential that all the 
details of the procedure are follow'ed closely as 
prescribed. 

(c) Standard Sidfuric Acid Solution 
(0.15 i\7).— Dilute 4.0 ml. of H2SO4 to 1 
liter with water that has been freshly 
boiled and cooled. Standardize against 
the standard NaOH solution. Deter- 
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mine the ratio in strength of the standard 
H 2 SO 4 solution to the standard NaOH 
solution by dividing the volume of 
NaOH solution by the volume of H2SO4 
solution used in the titration. 

Procedure 

39. (a) Weigh 1 to 3 g. of the sample 
(Note 1 ) and 10 g. of NH 4 NO 3 into a 
150-ml. beaker. Mix the contents, add 
10 ml. of HNO 3 , and stir quickly, using 
the flattened end of a glass rod to crush 
lumps of cement, until the cement is 
completely decomposed and the thick 
gel of SiOa is broken up. Cover the 
beaker with a watch glass, place it on a 
water bath or a hot plate at approxi- 
mately 100 C. for 15 to 20 min., and stir 
the contents occasionally during the 
heating. Add 20 ml. of hot water to the 
beaker and stir tlie contents. If the 
cement contains an appreciable amount 
of manganese, as shown by the presence 
of a red or lirown residue, add a few 
milliliters of NaNOs (50 g. per 1.) to dis- 
solve this residue. Boil the contents of 
the beaker until all nitrous fumes are 
completely expelled. This should not 
take more than 5 min., and water should 
be added to replace any lost by evapora- 
tion. Filter into a dOO-ml. beaker under 
suction and with a platinum cone to sup- 
port the filter paper, and wash the residue 
of SiOa until the volume of filtrate and 
washings is about 150 ml. 

Note 1 : — The amounts of sample and reag- 
ents used depend on the content of phosphorus in 
the cement. The minimum requirements are 
sufficient if the cement contains 0.5 per cent 
PaOs or more. The maximum amounts are re- 
quired if the content of PaOe is 0.1 per cent or 
less. 

(b) Heat the solution to 69 to 71 C., 
remove it from the heat source, and im- 
mediately add 50 to 100 ml. of the am- 
monium molybdate solution. Stir the 
solution vigorously for 5 min., wash down 


tlie sides'of the beaker with cool KNO3 
solution (10 g. per liter of water freshly 
boiled to expel CO 2 and cooled), cover 
the beaker with a watch glass, and allow 
to stand 2 hr. Using suction, filter the 
precipitate (Note 2), decanting the solu- 
tion with as little disturbance to the 
precipitate as possible. Stir the precipi- 
tate in tlie beaker with a stream of the 
cool KNO3 solution, decant the liquid, 
then wash the precipitate onto the filter. 
Scrub the stirring rod and beaker with a 
“policeman,” and wash the contents onto 
the filter. Wash the precipitate until it 
is acid-free (Note 3), allowing each por- 
tion of wash solution to be sucked com- 
pletely dirough before adding the next. 

Note 2. — ^Tiie filter may be a small ordinary 
filter paper supported by a platinum cone, or 
a small Hirsch funnel may be used with filter 
paper cut to fit and a tlain mat of paper pulp 
or acid-washed asbestos pulp. The filtration 
should be carried out with care to avoid any 
loss of the precipitate. The filter should fit 
well, and the suction should be started before 
the filtration and maintained until the end of 
the washing. 

Note 3. — About ten washings are usually 
required. Test the tenth washing with one drop 
of neutral phenolphthalein indicator (see Para- 
graph (c)) and half a drop of the standard 
NaOH solution. If a definite pink color lasts 
at least 5 min., the precipitate is considered to 
be acid-free; otherwise, continue the washing. 

(c) Transfer the filter and precipitate 
to the beaker in whidi the precipitation 
took place, using small damp pieces of 
paper to wipe out the funnel and to pick 
up portions of the precipitate that may 
remain on it. Add 20 ml. of cool CO 2 - 
free water to the beaker, and break up 
the filter by stirring rapidly with the 
“policeman” that was Used to scrub the 
beaker. Add an excess of the standard 
NaOH solution, stir the contents until 
all trace of yellow has disappeared, wash 
down the stirring rod and sides of the 
beaker with 50 ml of cool, COg-free 
water, and add 2 drops of neutral 
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phenolphthalein indicator (10 g. per 
liter of ethanol). Treat the solution 
with a measured quantity of the standard 
H2SO4 solution, sufficient to destroy 
completely the pink color. Complete 
the titration with the NaOH solution 
until there is a definite faint pink color 
that lasts at least 5 min. 

(d) Blank. — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the 
analysis accordingly. 

(e) Calmlation. — Calculate the per- 
centage of P2O5 to the nearest 0.01 as 
follows : 


P2O5, per cent 


E{Vi - V^R) 
S 


X 100 


National Bureau of Standards (standard 
sample No. 40) according to the direc- 
tions furnished with the sodium oxalate. 
Calculate the Mn203 equivalent of the 
solution in grams per milliliter as follows: 

^ 0.2650 


where: 

E — Mn203 equivalent of the 

KMn04 solution in grams per 
milliliter, 

A = milliliters of KMn04 solution 

required by 0.7500 g. of 
Na2C204, and 

0.2650 = 0.7500 multiplied by the mol- 
ecular ratio of 3 Mn203 to 
10 Na2C204 (0.3534). 


where : 

E = P2O6 equivalent of the NaOH 
solution in grams per milliliter, 
Pi = milliliters of NaOH solution used, 
Po = milliliters of H2SO4 solution used, 
R = ratio in strength of the H2SO4 
solution to the NaOH solution, 
and 

S = grams of sample used. 

Manganic Oxide 
Alternate Method 

Note. — See Note immediately preceding 
Section 30. 

Reagent 

40. Standard Potassium Perman- 
ganate Solution (p.lS N). — ^Prepare a 
solution of KMn04 on the basis of 5.64 
g. per 1. The solution should not be 
filtered through any filter containing or- 
ganic matter. It is most convenient to 
siphon off clear solution without dis- 
turbing the sediment on the bottom of 
the bottle. Standardize the solution 
against 0.7500 g. of sodium oxalate oxi- 
dimetric standard furnished by the 


Note. — The 0.18 N solution of KMnOi 
specified in Section 31, which is generally used in 
the routine volumetric determination of CaO 
in cement and raw materials, is convenient to 
use. Exactly 0.005 g. of CaO is equivalent to 
0.004224 g. ofMnoOs. 

Procedure 

41. (a) Place 2 g. of the sample in a 
250-ml. beaker and add about 50 ml. of 
water to the cement. Stir the mixture 
until it is in suspension and then add 
about 15 ml. of HCl. Heat the mixture 
gently until the solution is as complete 
as possible. Add 5 ml. of HNO3 and 
50 ml. of water to the solution and boil 
it until most of the chlorine has been 
expelled. If necessary, add hot water 
to maintain the solution at a volume of 
about 100 ml. Stop the boiling and add 
ZnO powder to the solution until the 
acid is neutralized. Add an excess of 3 
to 5 g. of ZnO powder to the solution and 
boil it for a few minutes. 

(b) Witliout filtering, and while keep- 
ing the solution hot (90 to 100 C.) by 
intermittent or continuous heating, ti- 
trate the solution with the standard 
K.Mn04 solution until a drop of it gives 
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a permanent pink color (Note), When 
the end point is approached, add the 
standard solution drop by drop. After 
each drop, stir the solution, allow the 
precipitate to settle a little, and observe 
the color of the upper stratum of the 
solution by looking through the side of 
the beaker. 

Note. — In the case of a cement in which the 
approximate content of Mn^Os is unknown, a 
preliminary determination may be made wdth 
rapid titration, 0.5 to 1 ml. of the standard solu- 
tion being added at a time, and without an 
attempt to keep the solution close to the boiling 
point. 

{c) Blank . — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the analy- 
sis accordingly. 

(d) Calculation . — Calculate the per- 
centage of MiisOs to the nearest 0.01 as 
follows: 

MnaOs, per cent = EV X 50 

where: 

E = Mn 203 equivalent of the KMn 04 
solution in grams per milliliter, 
V — milliliters of KMn 04 solution used, 
and 

50 — 100 divided by the weight of 
sample used (2 g.). 

Free Calcium Oxide 
Alternate Method 

Note. — See Note immediately preceding 
Section 30. 

Reagents 

42. (a) Phenolpkihalein Indicator . — 
Prepare the indicator as described in 
Section 28 (a). 

{h) Glycerol- Ethanol Solvent. — ^Pre- 
pare the solvent as described in Section 
28 {b). Either anhydrous BaCb or 
NaCl is used to accelerate the solution 


of free CaO. If anhydrous BaCh is 
used, dissolve it in the solvent on the 
basis of 1 g. per 60 ml. of solvent before 
the solvent is neutralized (Note). If 
NaCl is used, add 0.5 g. of it to the flask 
that contains solvent and freshly pre- 
pared CaO or sample at the beginning of 
the standardization or determination as 
the case may be. 

Note. — A convenient way to prepare a large 
amount of solvent is to heat BaCb '21120 at 120 
to 130 C. for several hours, dissolve it in hot 
glycerol (100 to 125 C.) without grinding, and 
mix the solution with ethanol. If the salt is 
dehydrated at a much higher temperature, it 
may be slow to dissolve in hot glycerol or sol- 
vent, even when ground, 

(c) Standard Ammonium Acetate Solu- 
tion {0.2 N ). — Prepare and standardize 
a solution of ammonium acetate as de- 
scribed in Section 28 (c), using an ac- 
celerator as specified in Paragraph {b) 
of this section. 

Procedure 

43. Determine free CaO in clinker or 
cement as directed in Section 29, with 
the following exceptions: 

(i) Use anliydrous BaClo or NaCl as 
directed in Section 42 (b). 

{2) The end point is considered to be 
reached when the content of free CaO 
does not increase by more than 0.05 
per cent during the last hour of boil- 
ing (Note). 

Note. — If the boiling is prolonged too long, 
the sample may be partially decomposed and 
the end point may be obscured by colored de- 
composition products. This alternate method 
has a tendency to give higher results than the 
method described in Section 29. Results by the 
alternate method should be occasionally checked 
with the other method. 

Report 

Recommended Order for Reporting 

Analysis 

44. The following order is recom- 
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mended for reporting the results of 
chemical analysis of portland cement: 
Major Components: 


Si 02 Silicon dioxide 

AI 2 O 3 . . . . : Aluminum oxide 

FcaOs Ferric oxide 

CaO Calcium oxide 

MgO Magnesium oxide 

SO3 Sulfur trioxide 


Loss on ignition 


Minor Components: 


NaaO Sodium oxide 

K 2 O Potassium oxide 

P2O5 Phosphorus pentoxide 

Mn 203 Manganic oxide 


Separate Determinations: 

Insoluble residue 

Chloroform-soluble organic substances 
Free calcium oxide 
Water-soluble alkali 



Standard Methods oj 
SAMPLING HYDRAULIC CEMENT* 

# 

A.S.T.M. Designation: C 183 - 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the feed designation C 183; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the proce- 
dures for sampling hydraulic cement. 

Size and Number of Samples; By Whom 

Taken 

2. (a) Samples for purpose of tests 
shall weigh at least 4 lb. each when they 
are to be composited. Individual test 
samples, on which all specified tests are 
to be made, shall weigh at least 8 lb. 

(6) Test samples shall be either in- 
dividual or composite samples, as may 
be specified, and one test sample shall 
represent not more than 2000 bags un- 
less otherwise specified by the purchaser. 

(c) The sampling shall be done by or 
under the direction of a responsible 
representative of the purchaser. 

Sampling from Cars, Trucks, etc. 

3. When sampling cement in cars, 
trucks, boats, warehouses, etc., one 

' Under the standiirdixation procedure of the Society, 
these metliads are under the jurisdiction of the A.S.T.M. 
t'ammittco C-1 on Cement. 

■ These methods formerly constituted a portion of the 
Standard Methods of Sampling and Physical Testing of 
Portland Cement (C 77 - 40), digcontinued in 1944, which 
latuir standard was originally part of the Standard Specifi- 
cations for Portland Cement (A.S.T.M. Designation.; C 9) 
[lublished as standard from 190.t to 1930, at which time the 
specifications and methocLs were separated and published 
individually. 


sample shall be taken from each 50 bags 
or portion thereof in the lot and com- 
bined to form one test sample. In the 
case of samples from trucks where the 
cement is being trucked from one mill, 
it is permissible to combine the samples 
from several trucks to form a test sample 
representing not more than 2000 bags. 
When bulk shipments are sampled, 
representative samples shall be taken 
from well-distributed points. 

Sampling from Bulk Storage 

4. The cement may be sampled at 
bulk storage points by any of the meth- 
ods described in the following Para- 
graphs (a) to (c): 

(a) From ihe Conveyor Delivering to 
Storage . — One sample of 4 lb. or more 
shall be taken from at least each 2000 
bags passing over the conveyor, except 
that the sample shall not represent more 
than 6 hr. of cement production. This 
may be secured by taking the entire test 
sample at a single operation, known as 
the ‘^grab method/’ or by combining 
several portions taken at regular inter- 
vals, known as the ‘‘composite method.” 
WOien obtaining a composite sample, it 
shall be secured by combining approxi- 
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mately equal weights of the cement taken 
at regular intervals, each portion repre- 
senting approximately 40 bags. Auto- 
matic samplers may be used in obtaining 
samples. 

(b) From Storage at Points of Dis- 
charge. — Sufficient cement shall be drawn 
from the discharge openings to obtain 
samples representative of the cement, 
as determined by the appearance at the 
discharge openings of indicators placed 
on the surface of the cement directly 
above these openings before the drawing 
of the cement is started. One 4-lb. 
sample shall be taken for at least each 
2000 bags, by either the ‘‘grab” or “com- 
posite” method as described in Para- 
graph (a). 

(c) From Storage by Means of Proper 
Sampling Tubes. — ^When the methods 
described in Paragraphs (a) and {b) can- 
not be applied and when the depth of the 
cement to be sampled does not exceed 
10 ft., samples may be obtained by 
proper tubes inserted vertically to the 
full depth of the cement. Samples so 
taken shall be obtained from points well 
distributed over the area of storage. 

Preparation of Sample 

5. {a) Samples shall be packed by the 
purchaser in moisture-proof, airtight 
containers, which shall be crated, if 
necessary, by the manufacturer and 
shipped at the expense of the purchaser. 
Before testing, samples shall be thor- 
oughly mixed and then passed through a 
No. 20 (840-micron) sieve in order to 
break up lumps and remove foreign 
materials. 

(5) Composite samples for the tests 
as required in Section 6 shall be prepared 
by arranging all test samples in groups, 
each group representing the number of 
bags required by the test or tests for 
which the composite sample is intended. 


From each of the test samples in a group, 
equal portions shall be taken, sufficient 
in amount to form a composite sample 
large enough to permit making the re- 
quired physical or chemical determina- 
tions. The composite sample thus pre- 
pared shall be thoroughly mixed before 
using. 

Number of Tests 

6. {a) All physical tests required by 
the purchase specifications shall be made 
on each test sample taken from cars and 
trucks (Section 3), with no test sample 
representing more than 2000 bags. 

{b) Physical tests on samples taken 
from bins, boats, warehouses, etc. (Sec- 
tion 4) shall be required as follows: 

(1) Time of Setting, each test sample repre- 
senting each 2000 bags. 

{2) Air Content (A.S.T.M. Specifications 
C 175),-'’ composite sample representing each 
4000 bags. 

(J) Fineness (surface area or 200-mesh 
fineness as required by the purchase specifi- 
cations), composite sample representing each 
4000 bags. 

(4) Strength, composite sample represent- 
ing each 4000 bags. 

(5) Sotmdness (autoclave expansion or 
steam pat test as required by the purchase 
specifications), composite sample representing 
each 12,000 bags. 

(c) Chemical determinations shall be 
required as follows: 

(f) Sidfur Trioxide {SO^, composite sam- 
ple representing each 4000 bags. 

(2) All Specified Chemical Determinations 
{Except SO3), composite sample representing 
each 20,000 bags. 

(d) When the total number of bags 
sampled is less than that specified for 
any one of the above test or composite 
samples, all of the respective physical 
and chemical tests shall be made on the 
quantity sampled. 

s Tentative Specifications for Air-Entraining Portland 
Cement for Concrete Pavements (A.S.T.M. Designation: 
C 175), which appears in this publication, see Contents in 
Numeric Sequence of A.S.T.M. Designations at front of 
book. 
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Standard Method of Test for 
AUTOCLAVE EXPANSION OF PORTLAND CEMENT' 


A.S.T.M. Designation: C 151 ~43 
Adopted, 1943.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C151; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 

Scope shall extend at least one fifth of the way 

1 . This method of test is intended for around the cylinder. 

determining the soundness of portland (^) Molds. Molds shall provide for 

cement b})", means of an autoclave test by 1-in, test specimens of 10-in. elTec- 

on a 1 by 1-in. neat cement specimen. length. The effective gage 

length shall be considered as that length 
Apparatus between the innermost points of the 

2. (a) Scales. — The scales and weights metal inserts used as reference points, 

used for weighing materials shall con- The parts of the molds shall be tight 
form to the requirements prescribed in fitting and firmly held together when 
Section 2 (a) and (b) of the Standard assembled. The molds shall be made of 
Method of Test for Normal Consistency steel or hard metal not readily attacked 
of Hydraulic Cement (A.S.T.M. Desig- by the cement paste. There shall be 
nation: C 187).® sufficient material in the sides of the 

{b) Glass Graduates. — Glass graduates molds to prevent spreading or warping, 
of 150-ml. capacity used for measuring Each end plate of the molds shall be 
the mixing water shall be made to deliver equipped to hold properly in place, dur- 
the indicated volume at 20 C. (68 F.). ing the setting period, a stainless steel 
The permissible variation on these or noncorroding metal reference point 
graduates shall be plus or minus 1 ml. having a diameter of | in. The reference 
The main graduation lines of the cyl- points shall be set so that their principal 
inders shall be circles and shall be axes coincide with the principal axis of 
numbered. The least graduations shall the test specimen, and shall extend into 
extend at least one seventh of the way the specimen | in. The distance be- 
around, and intermediate graduations tween the inner ends of the reference 

1 Under the standardization procedure of the Society, poffits shall be 10 db 0.1 in. The dis- 

ct^tSexi of tance between opposite faces of the molds 

2 Prior to adoption as standard, this method was pub- shall be 1 ^ 0 03 in TllP hpiVbt nf fhp 

Ushedas tentativeirom mo to 1943, being revised in 1943. ^ == -LUC neigUt 01 tUe 

2a Tins paragraph was editorially revised in 1944 , molds, measured Separately for each 

3 Appeare m tte publication, see Contents in Numeric . , ^ ^ ^ 7^- 

Sequence of A.S.T.M. Designations at front of book. Specimen Compartment, shall be 1 ± 0.03 
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in., both for new molds and for molds 
in use. 

(d) Autoclave. — The autoclave shall 
consist of a higb-pressure steam boiler 
equipped with an automatic pressure 
control and a safety valve. The capac- 
ity of the heating unit shall be such that 
with maximum load (water plus speci- 
mens) the pressure of the saturated 
steam in the autoclave may be raised to 
a gage pressure of 295 psi. (absolute 
pressure about 310 psi.) in 1 to hr. 
from the time the heat is turned on. 
The automatic pressure control shall be 
capable of maintaining the pressure at 
295 ± 10 psi. for at least 3 hr. A gage 
pressure of 295 ± 10 psi. corresponds to 
a temperature of 215.7 ± 1.7 C. (420.3 
± 3 F.). The autoclave shall be de- 
signed to permit the pressure to drop 
from 295 psi. to less than 10 psi. in 1 hr. 
after the heat supply has been shut off. 
It shall be equipped with a vent valve 
for allowing the escape of air during 
the early part of the heating period and 
for releasing any steam pressure remain- 
ing at the end of the 1-hr. cooling period. 

(e) Length Comparator. — Changes in 
length of the test specimen shall be 
measured by a dial gage or micrometer 
comparator having a range of at least 
0.3 in. The instrument shall be gradu- 
ated to at least 0.001 in., and when tested 
at any point throughout its range, the 
error shall not be greater than plus or 
minus 0.002 in. The difference be- 
tween repeated measurements shall not 
be greater than 0.001 in. The com- 
parator shall be equipped with a steel 
reference bar and shall be frequently 
checked with this reference bar. 

Temperature and Humidity 

3. (a) The temperature of the molding 
room and dry materials shall be main- 
tained at not less than 20 C. (68 F.) and 
not more than 27.5 C. (81.5 F.). The 


temperature of the mixing water and of 
the moist closet or moist room shall not 
vary from 21 C. (70 F.) by more than 
1.7 C. (3 F.). 

{b) The moist closet or moist room 
shall be so constructed as to provide 
storage facilities for test specimens at a 
relative humidity of not less than 90 
per cent. 

Preparation of Test Specimens 

4. (a) Preparation of Molds. — Molds 
shall be thinly covered with mineral oil; 
after this operation the stainless steel or 
noncorroding metal reference points shall 
be set, care being taken to keep them 
clean and free of oil. 

(b) Mixing Cement Paste. — The 
standard batch shall consist of 500 g. of 
cement with sufficient water to give a 
paste of normal consistency, and shall be 
mixed in accordance with the procedure 
described in Section 4 {a) of the Standard 
Method of Test for Normal Consistency 
of Hydraulic Cement (A.S.T.M. Desig- 
nation: C 187).^ 

(c) Molding Specimens. — Immediately 
following completion of mixing, the test 
specimen shall be molded in one or two 
layers, each layer being compacted with 
the thumbs or forefingers by pressing 
the paste into the corners, around the 
reference inserts, and along the surfaces 
of the molds until a homogeneous speci- 
men is obtained. After the top layer 
has been compacted, the paste shall be 
cut off flush with the top of the mold and 
the surface smoothed with a few strokes 
of the trowel. During the operations of 
mixing and molding, the hands shall be 
protected by rubber gloves. 

(d) Storage of Test Specimens. — After 
the mold has been filled, it shall be im- 
mediately placed in the moist closet or 
moist room. Specimens shall remain in 
the molds in the moist closet or moist 
room for at least 20 hr.; if removed from 
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the molds before 24 hr., they shall be 
kept in the moist closet or moist room 
until tested. 

Procedure 

S. (a) At 24 hr. ± 30 min. after mold- 
ing, the specimens shall be removed 
from the moist atmosphere, measured 
for length, and placed in the autoclave 
at room temperature in a rack so that 
the four sides of each specimen will be 
exposed to saturated steam. The auto- 
clave shall contain enough water to 
maintain an atmosphere of saturated 
steam vapor during the entire period of 
test. Ordinarily, 7 to 10 per cent of the 
volume of the autoclave should be oc- 
cupied by the water. 

(6) To permit air to escape from tlie 
autoclave during the early portion of the 
heating period, the vent valve shall be 
left open until steam begins to escape. 
The valve shall then be closed and the 
temperature of the autoclave shall be 
raised at such a rate as will bring the 
gage pressure of the steam to 295 psi. 
in 1 to hr. from the time the heat is 
turned on. The 295 ± 10 psi. pressure 
shall be maintained for 3 hr. At the 
end of the 3-hr. period the heat supply 
shall be shut off and the autoclave cooled 
at a rate such that the pressure will be 
less than 10 psi. at the end of 1 hr., and 
any pressure remaining shall be slowly 
released by partially opening the vent 
valve until atmospheric pressure is at- 
tained, The autoclave shall then be 
opened and the test specimens immedi- 
ately placed in water the temperature 


of which is above 90 C. (194 F.). The 
water surrounding the bars shall then be 
cooled- at a uniform rate by adding cold 
water so that the temperature of the 
water will be lowered to 21 C. (70 F.) 
in 15 min. The water surrounding the 
specimens shall then be maintained at 
21 C. (70 F.) for an additional 15 min., 
when the specimens shall be surface dried 
and their lengths again measured.^ 

. Calculation 

6, The difference in length of the test 
specimen before and after autoclaving 
shall be calculated to the nearest 0.01 
per cent of the efi'ective gage length and 
shall be reported as the autoclave expan- 
sion of the cement. A contraction (neg- 
ative expansion) shall be indicated by 
prefixing a minus sign to the percentage 
expansion reported. 

Retests 

7. Cement failing to meet the test for 
soundness in the autoclave may be ac- 
cepted if it passes a retest, using a new 
sample, at any time within 28 days 
thereafter. The provisional acceptance 
of the cement at the mill shall not deprive 
the purdiaser of the right of rejection 
on a retest of soundness and time of 
setting at the time of delivery of the 
cement to the purchaser. 

* If it is preferred to make all measurements at 2fi.S C. 
(SOF.), it is recommended that upon removal of the 
specimens from the moist closet or moist room, they be 
placed in water maintained at 26.S C. (80 F.) for at least 
IS min., removed and measured for length, and then 
placed in the autoclave. Upon removal from the auto- 
clave, the specimens and water shall be cooled to 26.5 G. 
(80 F.) in 15 min. and the specimens kept in v/ater at this 
temperature for an additional 15 min., and then measured 
for length. 
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Sta?idard Method of Test for 


FINENESS OF PORTLAND CEMENT BY THE 
TURBIDIMETER! 



A.S.T.M. Designation: C 115 - 42 
Adopted, 1942.2 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 115; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
Wagner turbidimeter® apparatus and 
procedure for determining the fineness of 
Portland cement as represented by 
specific surface expressed as total sur- 
face area in square centimeters per gram 
of cement. 


Apparatus 
Nature of Apparatus 

2. The Wagner turbidimeter consists 
essentially of a source of light of constant 
intensity adjusted so that approximately 
parallel rays of light pass through a sus- 
pension of the cement to be tested and 
unpinge upon the sensitive plate of a 
photoelectric cell. The current gen- 
erated by the cell is measured with a 


' Under tlie standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-1 on Cement. 

a Prior to adoption as standard, this method was pub- 
lished as tentative from 1931 to 1942, being revised in 
1938 and 1941. _ 

sThLs turbidimeter was developed by L. A. Wagner, 
Research Associate of the Cement Reference Laboratory, 
National Bureau of Standards, Washington, D. C. A 
description of the apparatus and mathematical derivations 
of formulas used are given in the paper, “A Rapid Method 
for the Determination of the Specific Surface of Portland 
Cement,” by L. A. Wagner, Proceedings, Am. Soc. Testing 
Mats., Vol, 33. Part 11, p. .353 (1933). 


microammeter and the indicated reading 
is a measure of the turbidity of the sus- 
pension. General considerations indi- 
cate that turbidity is in turn a measure 
of the surface area of the suspended 
sample of cement. The apparatus, illus- 
trated in Fig. 1, shall consist specifically 
of the parts described in Sections 3 to 9. 

Turbidimeter 

3. The turbidimeter shall be mounted 
in a suitable case and shall include the 
following features; 

(a) Source of Light . — The source of 
light (Fig. 1) shall consist of a 3 to 6 
candlepower, concentrated-filament elec- 
tric lamp operated by a 6-v. storage 
battery, or a source of constant emf. 
A parabolic reflector shall be mounted 
behind the lamp and the lamp focused 
in such manner that approximately 
parallel rays of light will pass through 
the sedimentation tank and will im- 
pinge upon the photoelectric cell. The 
light intensity shall be regulated by 
means of two rheostats having resist- 
ances of approximately 6 and 30 ohms, 
respectively, and mounted in series with 
the lamp but in parallel with each other. 
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Fig. 1. — Dimensional Details of Turbidimeter Fineness Test Apparatus. 
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(b) Water Cell. — The light shall pass 
through a water cell before entering the 
sedimentation tank in order that radiant 
heat from the beam shall be absorbed. 
The cell shall consist of 3-in. diameter 
brass tubing, 4 in. in length, with glass 
windows cemented in the ends with a 
suitable sealing material. A stoppered 
hole shall provide for filling with distilled 
water. The cell shall be so arranged 
that all rays of light entering the sedi- 
mentation tank shall first pass through 
the water. 

(c) Retarding Filter. — A light-retard- 
ing glass or other device shall be pro- 
vided that will reduce the intensity of 
light from that corresponding to 100 
microamperes to a reading of 20 to 30 
microamperes. The light intensity shall 
be uniformly retarded over the entire 
area of that portion of the cell which is 
exposed to light during a test. 

(d) Sedimentation Tank. — The sedi- 
mentation tank shall be constructed of 
i^-in. plate glass cemented together to 
form a rectangular tank having inside 
dimensions 2 by 1| in. by 8 in. in height. 
The permissible variations on the inside 
dimensions of the tank shall be plus or 
minus 0.03 in. in length and width and 
plus or minus 0.1 in. in height. The 
2-in. faces of the tank shall be placed 
normal to the beam of light, and shall be 
equidistant within 0.01 in. at all points. 
A mark shall be placed on the side of 
the tank to indicate a volumetric content 
of 335 ml., which is the level to which 
the tank will be filled in a test. 

{e) Photoelectric Cell. — The means of 
measuring the light intensity shall be a 
sensitive photoelectric cell (Weston 
Photronic type) connected directly to a 
microammeter. A hood with a horizon- 
tal slot I in. in height by If in. in width 
shall be mounted over the face of the 
photoelectric cell. 

(/) Shield. — A metallic shield having a 
slot f-in. in height by 1| in. in width, as 


mdicated in Fig. 1, shall be placed be- 
tween the water cell and the sedimenta- 
tion tank. 

(g) Elevating Device. — The source of 
light, w^ater cell, photoelectric cell, 
retarding filter, and shield shall be 
mounted on a movable shelf which may 
be raised or lowered, and which may be 
readily and accurately adjusted so that 
the turbidity of the suspension may be 
determined at any desired depth. The 
sedimentation tank shall be mounted on 
a base which is independent of the rest 
of the apparatus so that the tank shall be 
free from vibration caused by moving the 
shelf. The level of the light beam with 
reference to the surface of the suspension 
shall be indicated by a pointer which will 
travel along a scale mounted on the 
cabinet. The zero of the scale shall 
indicate that position at which the center 
lines of the slots for the light beam are at 
the same elevation as the surface of the 
liquid in the tank when filled to the 
335-ml. level. The lines on the scale to 
be marked 7.5, 10, 15, 20, 25, and 30-60, 
shall be located at distances from the 
zero mark equal to values ‘'h” in Table 
I, and shall indicate the positions at 


TABLE I.— VALUES OF h, d, AND j, TO BE USED 
IN CALIBRATION OF THE TURBIDIMETER 
APPARATUS. 


Particle 
Diameter, d, 
microns 

Depth of 
Suspension, h, 

h 

60 

IS 

0.00417 

55 

IS 

0.00496 

SO 

IS 

0.00600 

45 

IS 

0.00741 

40 

IS 

0.00938 

35 

15 

0.01225 

30 

IS 

0.01667 

25 

13.1 

0.0210 

20 

10.0 

0.0250 

IS 

6.6 

0.0293 

10 

3.3 

0.0333 

7.5 

2.1 

0.0375 


which the pointer should be located 
when turbidity readings for these particle 
sizes are taken. The interior of the 
turbidimeter cabinet and the exterior 
surfaces of the shelf, parabolic reflector, 
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water cell, shield, and photoelectric cell 
hood shall be painted with a dull optical 
black paint. 

Microammeter 

4. The microammeter shall have a 
range of 0 to 50 microamperes, shall be 
readable to 0.1 microampere, and accu- 
rate to 0.25 microampere. The internal 
resistance of the microammeter shall be 
between 50 and 150 ohms. 


Source of Current 

5. A 6-v. automobile starting and 
lighting storage battery or a source of 
constant emf. shall be used for supply- 
ing current to the lamp. 

Sieve 

6. The sieve shall be 2 in. in diameter 
and have side walls 3 in. in height, and 
shall be fitted with a No. 325 (44-micron) 
woven wire screen cloth, which cloth 
shall conform to the requirements of the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: E 11) of the American Society for 
Testing Materials,'* and be such that the 
sieve correction factor obtained shall 
not be greater than 15 per cent (see 
Section 10 (5)), 


Stirring Apparatus 

7. The stirring apparatus shall consist 
of either (a) a cyliniucai brush, f in. in 
diameter and about If in. in length, with 
an end approximately fitting the contour 
of the bottom of a |-in. diameter test 
tube, or (b) any other stirring device 
that will be equally efficient in dis- 
persion as measured by specific surface 
determinations on a standard sample. 
The stirring apparatus shall rotate at a 
speed of approximately 3500 rpm. 


Timing Burette 

8. The time of settling for the different 
sized particles shall be obtained from a 


^ Appears in this publication, see Contents in Numeric 
. Secjuence of A.S.T.M. Designations at front of book. 


burette from which kerosine is allowed to 
flow. The burette shall consist of a glass 
tube having a capillary tube fused into 
the lower end. The upper end of the 
large tube shall be flared to serve as a 
funnel for introducing kerosine into the 
tube. The burette shall conform to the 
following limiting dimensions:® 

Permissible 
Dimension, Variation, 
cm. cm. 

Length of large tube 3S d= 4 

Inside diameter of large tube 1.9 d; 0.2 

Length of capillary 17.S efc 2.5 

Diameter of capillary 0.09 rb O.OOS 

Top of burette to zero line 7 ±1 


“ Since glass tubing of desired dimensions is not always 
obtainable, the above wide permissible variations allow 
selection of dimensions to produce a burette_ having a 
duration of flow which will permit of calibration as de- 
scribed in Section 10 (a). 

Suspending Liquid 

9. Clear white kerosine shall be used 
with the turbidimeter apparatus. 

Calibration of Apparatus 
Calibration of Turbidimeter 

10. The turbidimeter apparatus shall 
be calibrated in accordance with the 
following procedure; 

(a) Calibration of Burette Scale . — 
For calibration of the burette scale a 
kerosine having a known viscosity and 
density for the temperature at which the 
calibration is to be made shall be used. 
The times of flow' from the burette which 
correspond to the times of settling for 
the different sized particles shall be 
calculated from the following equation: 

_ 1.837, Q00« h 
^ " {Pi - Ps) ^ cP 

where: 

t ~ time of settling, or time of flow 
in seconds, 

u = viscosity of kerosine in poises, 

Pi = density of cement particles in 
grams per cubic centimeter = 
3.15 for Portland cement,® 

® The specific gravity of Portland cement does not vary 
greatly, and in this work it is considered constant at 3.1.5. 
A variation of OilS from this value when substituted in 
Stokes’ law gives a variation of 2.5 per cent in the diameter 
of the particle measured, 
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1\ == density of kerosine in grams per 
cubic centimeter, 

h ~ depth of suspension to level of 
light in centimeters, and 

d = diameter of particle in microns. 

h 

Values of — are given in Table I. 

The burette shall next lie filled with 
kerosine at the calibrating temperature, 
a timing clock shall be started at the 
instant the kerosine in the burette drains 
past the zero line, and levels reached by 
the draining kerosine shall be marked on 
the burette for each of the time intervals, 
t, calculated as described above. At 
these marks, permanent lines and num- 
bers mdicating the corresponding di- 
ameters shall be etched on the burette 
(Note 1). 

The construction and graduation of 
the burette shall be such that the time 
required for the kerosine to pass the 
permanent lines of the burette shall 
agree with the calculated time of set- 
tling within 1 per cent, except that the 
permissible variation shall be not less 
than 1 sec. 

Note 1. — By using the calibrated burette the 
apparatus may be used within the normal range 
of room temperatures without further correc- 
tion, the change in rate of flow of the kerosine 
from the burette automatically compensating 
for change in viscosity of the suspension due to 
temperature. The kerosine in the burette and 
that of the suspension should be kept the same 
within 1 F. (0.5 C.). This condition will 
ordinarily exist if the supply of kerosine is kept 
in the same room as the apparatus. 

Extreme care must be taken to ascertain that 
only clean kerosine is used in the burette, and in 
addition the capillary should be examined fre- 
quently to make sure that no small pieces of lint 
or other foreign material have become lodged 
in it. 

Q}) Calibration of No. 325 Sieve.— 
The spray nozzle and pressure gage shall 
be connected to a water supply line and 
the pressure on the spray nozzle adjusted 
to 10 psi. One gram of the current lot of 


National Bureau of Standards’ Standard 
Sample No. 114“ shall be placed on the 
No. 325 (44'micron) sieve and washed 
for 1 min. The sieve and residue shall 
be dried in an oven or over a hot plate 
(Note 2) and the residue brushed from 
the sieve and weighed on an analytical 
balance. The, difference between the 
amount of residue obtained in this 
manner and the amount of residue in- 
dicated by the fineness speqified for the 
.standard sample, expressed as a per- 
centage of the former residue, shall be 
the sieve correction factor (see Note 3; 
also Table II, footnote a). 

Note 2. — Care should be taken not to heat 
tlie sieve hot enough to soften the solder. 

Note 3. — It should be observed that the 
sieve correction as specified is a factor to be 
multiplied by the residue obtained and that the 
amount to be added to or subtracted from the 
residue in any given test is therefore proportional 
to the amount of residue. 

{c) Determination of the Proper Light 
Intensity, Iq. — The calibration of the 
turbiduneter proper shall be made by 
adjustment of the light intensity, Jo. 
Increasing the light intensity reduces the 
calculated surface area of any sample 
and vice versa. Using the regular test 
procedure described in Sections 12 to 
14, and with the light adjusted to a trial 
value of 25 microamperes through the 
filter, a determination of the specific 
surface shall be made using the current 
lot of National Bureau of Standards’ 
Standard Sample No. 114.“ If a specific 
surface greater than that assigned for 
the standard sample is obtained, the light 
intensity through the filter shall be in- 
creased, the suspension shall be reagi- 
tated, and the analysis repeated. If a 
specific surface less than the assigned 
value is obtained, the light intensity 
shall be decreased, the suspension reagi- 
tated, and the analysis repeated. Using 

“ Obtainable at the National Bureau of Standards 
Washington, D, C. 
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new suspensions, the above procedure 
shall be repeated twice and the average of 
the three intensities noted. When the in- 
tensity is found which results in a specific 
surface within plus or minus 15 sq. cm. 
of the values assigned to the standard 
sample, the tank shall be removed and 
the intensity through the filter recorded. 
The light shall next be adjusted to this 
average value and a tank of clear kero- 
sine placed in its path. The intensity 
through the filter plus tank of clear 
kerosine shall be recorded. This be- 
comes the permanent reference value 
for the intensity of the light, and the 
rheostats shall be adjusted at the begin- 
ning of each test to give this value 
through the filter plus tank of clear 
kerosine from the regular supply. 

Test Sample 
Size of Test Sample 

11. The size of the sample of cement 
for test shall be so selected that the 
microammeter readings wall occur in 
the middle portion of the microammeter 
scale (Note). 

Note. — The following approximations will 
be helpful in many instances in selecting the 
size of sample: 0.3-g. sample for a cement of 
which more than 85 per cent passes a No. 325 
(44-micron) sieve, 0.4-g. sample for a cement of 
which 70 to 85 per cent passes a No. 325 sieve, 
and 0.5-g. sample for a cement of which less 
than 70 per cent passes a No. 325 sieve. 

Procedure 
Sieve Determination 

12. A No. 325 (44-micron) sieve de- 
termmation shall be made on a 1-g. 
sample of the cement in accordance with 
the procedure specified for calibration in 
Section 10 (5). The percentage (cor- 
rected) of cement passing the sieve shall 
be recorded as r. (See Note; also 
Table II, footnote u.) 

Note. — After three determinations the sieve 
should be dipped in diluted HCl (1:10) and 


immediately rinsed with water to remove 
particles lodged in the meshes. After 25 deter- 
minations the sieve should be recalibrated. 

Preparation of the Suspension 

13. {d) The cement sample shall be 
placed in a test tube with 10 to IS ml. of 
kerosine and 5 drops of oleic acid 
(U.S.P.). (Oleic acid is added as a 
dispersing agent and has slight or no 
effect on the viscosity of the kerosine. 
The oleic acid, which changes with age 
and exposure to heat and light, should 
be kept in a well-stoppered dark-glass 
bottle.) The mixture shall then be 
stirred for 1 min. with the apparatus 
described in Section 7 and shall then 
be transferred to the settling tank, the 
brush and tube washed with clear kero- 
sine which shall also be added to the 
suspension, and clear kerosine added 
until the total volume of the suspension 
in the tank is 335 ml. (Note 1), 

Note 1. — Since it is important that the level 
of the liquid in the tank coincide with the zero 
mark on the scale of the instrument (see Sec- 
tion 3 (g)), it is correspondingly important that 
the volume of the suspension be close to 335 ml., 
as specified. This may be accomplished by the 
use of a flask, calibrated to deliver 335 ml, 
from which all the kerosine used in making up 
a suspension is taken; or a point gage may be 
used, consisting essentially of a flat plate ap- 
proximately 2 by 2| in. to the center of which 
is attached vertically a metal pin of such length 
that, w'hen the plate is placed in position on top 
of the tank, the point of the pin is at the 33S-ml. 
level. Either of these methods should insure the 
position of the liquid level within a few tenths 
of a millimeter. 

(b) Agitation of the Suspension . — Just 
before being placed in the path of the 
light beam, the tank shall be agitated to 
effect a uniformity of the suspension. 
The tank shall be covered with a ground- 
glass cover and oscillated 180 deg. about 
a horizontal axis, turning the tank upside 
down and back again to its original 
upright position approximately once each 
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second for about 1 min. (Note 2). 
Care should be taken to prevent loss of 
kerosine (Noted). The suspension will 
then be ready to place in its proper posi- 
tion in the path of the light beam. 

Note 2. — The procedure described for os- 
cillating the suspension must be carefully fol- 
lowed. The procedure used in shaking a cock- 
tail must not be used. 

Note 3. — The faces of the glass tank shall be 
clean when the suspension is added, and care 
must be taken to avoid as much as possible the 
necessity of cleaning the faces thereafter. 

Procedure 

14. The turbidimeter apparatus shall 
be operated in accordance with the 
procedure described in the following 
Paragraphs (a) to {h): 

(a) With retarding filter and sedimen- 
tation tank containing approximately 
100 ml. of clear kerosine in the light path, 
the light shall be adjusted to the proper 
intensity, Jo, by taking repeated readings 
at 1-min. intervals until an unchanging 
value shall indicate that the lamp and 
photoelectric cell are in equilibrium 
(Note 1). 

Note 1. — To protect the microammeter, the 
lamp must never be turned on without a sus- 
pension or the retarding filter in position to 
reduce the light intensity to a value within the 
range of the microammeter. 

(&) The proper size of sample of 
cement (Section 11) shall be weighed and 
a suspension prepared in accordance 
with Section 13 (a). 

(c) The shelf level pointer shall be 
placed at the 30-60-micron position. 

(d) The burette shall be filled to a 
suitable height with kerosine from the 
same lot and at the same temperature as 
the kerosine used in the suspension, and 
oscillation of the tank containing the 
suspension shall be started in accordance 
with Section 13 (b). The oscillation 
shall be continued until the kerosine 
drains to the zero line on the burette, 
when the agitation shall be stopped 


(Note 2). The tank shall be immediately 
placed in position in the path of the light 
beam. 

Note 2. — ^The lid to the tank must fit so that 
no kerosine drains down the outside faces of 
the tank. 

(e) The retarding filter shall be im- 
mediately removed from the light path 
and the cabinet door closed. 

(/) The microammeter shall be read 
at the instants the kerosine in the burette 
drains past marks 60, 55, 50, 45, 40, 35, 
and 30. 

(g) The shelf shall then be raised suc- 
cessively to the marks 25, 20, 15, 10, and 
7.5 on the pointer scale, the microam- 
meter being read at each position as the 
kerosine drains past the corresponding 
mark on the burette. 

(h) The filter shall be replaced in the 
path of the light beam, the tank re- 
moved, and the intensity of the lamp 
checked (Note 3). 

Note 3. — If the microammeter indication has 
shifted more than 0.3 microampere from the 
initial setting through the filter alone, the test 
must be repeated. A freshly charged storage 
battery should be momentarily short-circuited 
to reduce the voltage to constant value. If the 
microammeter indication continues to fluctuate, 
look for loose connections in the lamp and photo- 
electric-cell circuits, see that the rheostat con- 
tacts are clean, and make certain that the lamp, 
socket, and reflector are rigidly fixed in their 
mounting. 

Calculation 
Calculation and Record 

IS. (a) Specific Surface . — Specific sur- 
face shall be calculated from the follow- 
ing equation: 

38r(2 - log /bo) 

1.5 -f 0.75 log J 7.6 -i- log Jio -h log /is 

-flog/zo -flog/ss— 11.5 log /eo 

where: 

5 = specific surface of the sample in 
square centimeters per gram, 
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f = corrected percentage by weight 
passing the No, 325 (44-niicron) 
sieve, and 

I 7 J>, Tio, Ii 5 - leo = microammeter 
readings, in microamperes, 
which correspond to the par- 
ticle diameters 7.5, 10, 15 • • • 
60 microns. 

Note. — The constant factor 38 applies only 
to a material having the specific gravity of port- 
land cement (approximately 3.15), For any 
other material there must be calculated the cor- 
respondhig proper value for this factor which, in 
the derivation of the formula, varies inversely 
as the density of the particles (in grams per 
cubic centimeter). 

(b) Recording of Data , — The form 
shown in Table II is suggested for the 
recording of turbidimeter data and cal- 
culation of specific surface. 

Calculation of Specific Surface fromFirst 

Turbidity (Reading leo 

16. (a) This method may be used for 
successive determinations from the same 
plant, provided, that the same size test 
samples are used, and that there is no 
great change in fineness, color, or other 
properties of the cement. Under these 
conditions the specific surface of a sample 
may be calculated from the first turbidity 
readmg, Uo, by using the following 
equation: 

5 = c(2 - log Im) 

where: 

S = specific surface of the sample in 
square centimeters per gram, 

leo = microammeter reading corre- 
sponding to particle diameter 
of 60 microns, and 

c = transmittancy constant for the 
particular plant. 

Note. — The transmittancy constant “c” 
may be evaluated by substituting in the above 
equation known values of S and 2 — log leo 
as determined from a complete turbidimeter 
test. The average of not less than fi^ve values 
of “c,” as determined from complete tests, 
should be used in the above equation. 


(b) If the fineness of a sample as deter- 
mined in accordance with Paragraph (a) 
fails to conform to the specification re- 
quirements for fineness, a retest shall be 
made by the complete procedure de- 
scribed in Sections 14 and 15, 

TABLE II.—ILLUSTRATIVE FORM FOR RECORD- 
ING TURBIDIMETER TEST DATA AND CAL- 
CULATION OF SPECIFIC SURFACE. 

(Values shown are for purpose of illustration only.) 


Sample Identification 

Sample X 

Passing No. 32S 

(44-micron) Sieve 


(wet method), 

r, corrected 

89.7 per cent® 

Filter Reference (through filter alone) 


Before Test 


20.5 microamperes 

After Test 


20.5 microamperes 

Weight of Sample Tested 

0.3 g. 

Particle Size, 

1 , 


microns 

microamperes 

Log 1 

60 

n.o 

1.041'’ 

55 

11.1 

1.0.15 

aO 

11,3 

1.033 

45 

11.3 

1.061 


11.7 

1.063 

30 

12.1 

1.083 

.30 

12,6 

1.100 

25 

13.4 

, 1.127 

20 

14.4 

1.1.58 

IS 

15.7 

1.196 

10 

19.1 

1.281 

7.S 


I.. 362*’ 


0.7S X 1.362 = 1.022 
l.SOO 


Sum = 13.694 
11.3 X 1.041 a 11.972 


5 


Difference = 1.722 


33 X 89.7 X 0.959 
1.722 


1900 sq. cm, per g, 


“The following example presents an illustration of the 
determination and application of the sieve correction 
factor for a No. 323 sieve (v/et method) : 

Determination; 

Residue specified for standard sample No, 

114c = 10.8 per cent, or a residue for 1-g. 
test sample _ =0 .108 g. 

Residue obtained on the sieve, which is being 
calibrated with standard sample = Q.IQQ g. 

Difference between specified and test tesi- ^ 

dues == 0.008 g. 

Correction factor for sieve = -f X 100 = +8.0 
(plus in this example) O.lOU pg^ 

Application: 

Sieve correction factor = + S.O per cent 
Residue from the sample 
under test = 0.095 g. 

Correction = 

+ 0.08 X 0.095 g.== +0.008 g. 

Corrected residue ’ 

(algebraic sum) - 0.103 g. = 10.3 per cent 

Corrected amount pass- 
ing sieve (rl = 89.7 per cent 

^ For convenience in calculation, log Lo and log Jr.s 
are recorded in a separate column. 
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FINENESS OF HYDRAULIC CEMENT BY 
TEIE NO. 200 SIEVE* 



A.S.T.M. Designation; C 184 - 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 184; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the fineness of hydraulic 
cement by means of the No. 200 (74- 
micron) sieve. 

Apparatus 

2. id) Sieve . — A standard No. 200 
(74-micron) sieve shall be used, con- 
forming to the requirements of the Stand- 
ard Specifications for Sieves for Testing 
Purposes (A.S.T.M. Designation: E 11)® 
and certified by the National Bureau of 
Standards. Wire cloth for standard 
sieves for cement shall be woven (not 
twilled) from brass, bronze, or other 
suitable wire, and mounted without dis- 
tortion on a frame, about 2 in. (5 cm.) 
below the top of the frame. The joint 
between the cloth and frame shall be 
smoothly filled with solder to prevent 


T Under the standardization procedure of the Society 
this method is under the jurisdiction of tlie A.S.T.M. 
Committee C-1 on Cement. 

2 This method formerly con.stituted a portion of the 
Standard ilethods of Sampling and Physical Testing^ of 
Portland Cement (C 77 - 40), discontinued in 1944, which 
latter standard was originally part of the Standard Specifi- 
cations for Portland Cement (A.S.T.M. Designation: C 9) 
published as standard from 1904 to 1930, at which time the 
specifications and methods were separated and published 
individually. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


lodging of the cement. The sieve frame 
shall be circular, 8 in. (20.32 cm.) in 
diameter, and shall be provided with a 
pan and cover. The correction for the 
sieve used in this test shall be determined 
by sieving tests, made in conformity 
with the procedure of this test method, 
using a cement standardized for this 
purpose by the National Bureau of 
Standards (standard sample No. 46 or 
No. 47). The difference between the 
percentage residue on the sieve and that 
assigned to the standard sample is the 
amount of the correction, which shall 
be added or subtracted as necessary. 

{b) Balance . — On balances in use, the 
permissible variation at a load of 50 g. 
shall be plus or minus 0.05 g., and at 
loads less than 0.1 g. the permissible 
variation shall be plus or minus 0.01 g. 
The permissible variations on new bal- 
ances shall be one half of these values. 
The sensibility reciprocal^ at each of the 


1 The sensibility reciprocal is a measure of the sensi- 
tiveness of a balance, and is tiie w^eight required to move 
the position of equilibrium of the pointer one division. 
For a complete definition of sensibility reciprocal, see 
‘Specifications, Tolerances, and Regulations for Com- 
mercial Weighing and Measuring Devices,” Handbook 
E29, Nat. Bureau Standards, September, 1942, pp. 87 
and 88. 
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specified loads shall be not greater than 
twice the permissible variation specified 
for the load in question. The balance 
shall be enclosed in a glass case. 

(c) Weights . — The permissible varia- 
tions on weights in use in the fineness 
test shall be as shown in Table I, and the 
permissible variations on new weights 
shall be one half of these values. 

TABLE I.— I’ERMISSIBLE VAXUATIONS 
ON WEIGHTS. 

Weight, g. Permissible Variations 

on Weights in Use, plus 
or minus, g. 


50 

0.04 

20 : 

0.02 

10 

0.014 

5 

0.010 

2 

0.006 

1 

0.004 

O.SOO 

0.003 

0.200 

0.002 

0.100 

0.001 

0.050 

O.OOl 

0.020 

0.001 

0.010 

0.001 


id) Brush . — A bristle brush will be 
required for use in cleaning the No. 200 
sieve. A 1- or l|-in. brush with a 10-in. 
handle is a convenient size. 

Procedure 

3. {a) A 50-g. sample of the cement 
shall be placed on the clean, dry No. 200 
(74-micron) sieve with the pan attached. 
Washers, shot, and slugs shall not be used 
on the sieve. While holding the sieve 
and pan (without cover) in- both hands, 
the sieving shall be done with a gentle 
wrist motion until most of the fine mate- 
rial has passed through and the residue 
looks fairly clean. This operation usu- 
ally requires only 3 or 4 min. When the 
residue appears clean the cover shall be 
placed on the sieve and the pan removed. 
Then, with the sieve and cover held 
firmly in one hand, the side of the sieve 
shall be tapped gently with the handle of 
the brush used for cleaning the sieve. 
Dust adhering to the sieve will thus be 


dislodged and the underside of the sieve 
may then be sw^ept clean. The pan shall 
be emptied and wiped out thoroughly 
with a cloth or waste, the sieve replaced 
in the pan, and the cover carefully re- 
moved. Any coarser material that has 
been caught in the cover during the 
tapping shall then be returned to the 
sieve. 

{h) The sieving shall be continued 
(with the cover removed) as described 
in Paragraph {a) for 5 or 10 min., de- 
pending on the condition of the cement. 
The gentle wrist motion involves no 
danger of spilling the residue, which 
shall be kept well spread out on the 
screen. More or less continuous rota- 
tion of the sieve shall be carried on 
throughout the sieving. This open siev- 
ing may usually be continued safely for 
8 min. or more, but care should be taken 
that it is not continued too long. The 
cover shall then be replaced and the same 
process of cleaning followed as described 
in Paragraph (a). If the cement is in 
proper condition, there should now be no 
appreciable dust remaining in the residue 
nor adhering to sieve or pan. 

{c) One-minute tests shall be made as 
follows: The sieve, with pan and cover 
attached, shall be held in one hand in a 
slightly inclined position and moved for- 
ward and backward in the plane of in- 
clination, at the same time striking the 
side gently about 150 times per minute 
against the pahn of the other hand on 
the upstroke. The sieving shall be per- 
formed over a white paper, and any 
material escaping from the sieve or pan 
and collected on the paper shall be re- 
turned to the sieve. After every 25 
strokes, the sieve shall be turned about 
one sixth of a revolution, in the same 
direction (Note). The sieving operation 
shall be continued until not more than 
0.05 g. passes through in 1 min. of con- 
tinuous sieving. Then the residue on 
the sieve shall be transferred to the 
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balance pan, taking care to brush the 
sieve cloth thoroughly from both sides 
to insure the removal of all the residue 
from the sieve. 

Note. — Sieve covers may be marked with 
three straight lines through the center and inter- 
secting at 60 deg. If one of the lines is marked 
with an arrowhead and the habit is formed of 
starting with this point under the right hand, 
one can easily follow the progi'ess of the l-min. 
tests. 

Calculation 

4. The fineness shall be calculated as 
follows; 

i? = X 100 + C 
50 


where: 

F = fineness of the cement expressed 
as percentage residue on the 
No. 200 (74-micron) sieve, 

R — weight of residue on the No. 200 
(74-micron) sieve, in grams, and 
C — sieve correction, determined as pre- 
scribed in Section 2 (ff) and 
added as an algebraic sum. 

Mechanical Sieving 
5. Mechanical sieving devices may be 
used, but the cement shall not be rejected 
if it meets the fineness requirement when 
tested by the hand method described in 
Section 3. 
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NORMAL CONSISTENCY OF HYDRAULIC CEMENT^ 



A.S.T.M. Designation: C 187-44 

Adopted, 1944. * 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 187; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the normal consistency of 
hydraulic cement. 

Apparatus 

2. {a) Scales , — The scales shall con- 
form to the followmg requirements: On 
scales in use the permissible variation at 
a load of 1000 g, shall be plus or minus 1 .0 
g. The permissible variation on new 
scales shall be one half of this value. The 
sensibility reciprocal® shall be not greater 
than twice the permissible variation. 

(6) Weights . — The permissible varia- 
tions on weights in use in weighing the 
cement shall be as prescribed in Table I. 
The permissible variations on new 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-1 on Cement. 

» This method formerly constituted a portion of the 
Standard Methods of Sampling and Physical Testing of 
Portland Cement (C 77 - 40), discontinued in 1944, which 
latter standard was originally part of tire Standard Specifi- 
cations for Portland Cement (A.S.T.M. Designation: C 9) 
published as standard from 1904 to 1930, at which time the 
specifications and methods were separated and published 
individually. 

> The sensibility reciprocal is a measure of the sensi- 
tiveness of a balance, and is the weight required to move 
the position of equilibrium of the pointer one division. 
For a complete definition of sensibility reciprocal, see 
“Specifications, Tolerances, and Regulations for Commer- 
cial Weighing and Measuring Devices,” Handbook HZ9, 
Nat. Bureau Standards, September, 1942, pp. 87 and 88. 


weights shall be one half of .the values in 
Table I. 

(c) Glass Graduates . — Glass graduates 
of 100-ml. to 200-ml. capacities used for 
measuring the mixing water shall be 
made to deliver the indicated volume at 
20 C. (68 F.) . The permissible variation 

TABLE I.— -PERMISSIBLE VAIUATIONS ON 
WTillGHTS, 

Permissible 
Variations on 
Weights in Use, 
plus or minus, 


Weight, g. g. 

500 0.35 

300 0.3 

250 0.25 

200 0.20 

100 0.15 

50 0.10 

20 0.05 

10 0.04 

5 0.03 

2 0.02 

1 0.01 


shall be plus or minus 1 .0 ml. The main 
graduation lines shall be circles and shall 
be numbered. The least graduations 
shall extend at least one seventh of the 
way around, and intermediate gradua- 
tions shall extend at least one fifth of the 
way around. 
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(d) Vicat Apparatus , — The Vicat ap- 
paratus shall consist of a frame A (Fig. 1) 
bearing a movable rod B, weighing 300 
g., one end C, the plunger end, being 1 
cm. in diameter for a distance of at least 
5 cm., and the other end having a re- 
movable needle D, 1 mm. in diameter 
and 5 cm. in length. The rod B is re- 


6 cm. at the top, and a height of 4 cm. 
In addition to the above, the Vicat ap- 
paratus shall conform to the following 
requirements: 


Weight of 

plunger 300 ± 0.5 g. (0.661 lb. ± 8 grains) 

Diameter of 
larger end of 

plunger 1 ± O.OOS cm. (0.394 ± 0.002 in.) 

Diameter of 

needle 1 i 0.05 mm. (0.039 dh 0.002 in.) 



versible, and can be held in any desired 
position by a set screw E, and has an 
adjustable indicator F which moves over 
a scale (graduated in millimeters) at- 
tached to the frame A . The paste is held 
in a rigid conical ring G, resting on a glass 
plate II about 10 cm. square. The ring 
shall be made of a noncorroding, non- 
absorbent material, and shall have an 
inside diameter of 7 cm. at the base and 


Inside diameter 
of ring at 

bottom 7 ± 0.3 cm. (2.75 db 0.12 in.) 

Inside diameter 

of ring at top.. 6 ± 0.3 cm. (2.36 ± 0.12 in.) 

Height of ring, . . 4 ± 0.1 cm. (1.57 ± 0.04 in.) 

Graduated scale.. The graduated scale, when compared 
with a standard scale accurate to 
within 0.1 mm. at all points, shall not 
show a deviation at any point greater 
than 0.25 mm. 

Temperature 

3. The temperature of the air in the 
vicinity of the mixing slab, the dry ce- 
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ment, molds, and base plates shall be 
maintained between 20 and 27,5 C. (68 
and 81.5 F.). The temperature of the 
mixing water shall not vary from 21 C. 
(70 F.) by more than plus or minus 1.7 
C. (3 F.). 

Procedure. 

4. (a) Preparation of Cement Paste . — 
A 500-g. sample of cement shall be placed 
on a smooth, nonabsorbent surface and a 
crater formed in the center. A measured 
quantity of clean water shall be poured 
into the crater, and the cement on the 
outer edge shall be turned into the crater 
within 30 sec. by the aid of a trowel. 
After an additional interval of 30 sec. for 
the absorption of the water, during which 
interval the dry cement around the out- 
side of the cone shall be lightly troweled 
over the remaining mixture to reduce the 
evaporation losses and to promote ab- 
sorption, the operation shall be com- 
pleted by continuous, vigorous mixing, 
squeezing, and kneading with the hands 
for 1| min. During the operation of 
mixing, the hands shall be protected by 
snug-fitting rubber gloves. 

(&) Molding Test Specimen. — ^The ce- 
ment paste, prepared as described in 
Paragraph (a), shall be quickly formed 
into a ball with the gloved hands and 
tossed six times from one hand to the 
other, maintaining the hands about 6 in. 
apart. The ball, resting in the palm of 
one hand, shall be pressed into the larger 
end of the conical ring G, Fig. 1, held in 
the other hand, completely filling the 


ring with paste. The excess at the larger 
end shall then be removed by a single 
movement of the palm of the hand. The 
ring shall then be placed on its larger end 
on a glass plate H, and the excess paste 
at the smaller end sliced off at the top of 
the ring by a single oblique stroke of a 
sharp-edged trowel held at a slight angle 
with the top of the ring, and the top 
smoothed, if necessary, with a few light 
touches of the pointed, end of the trowel. 
During these operations of cutting and 
smoothing, care shall be taken not to 
compress the paste, 

(c) Consistency Determination. — The 
paste confined in the ring, resting on the 
plate, shall be centered under the rod B, 
Fig. 1, the plunger end C of which shall 
be brought in contact with the surface of 
the paste, and the setscrew E tightened. 
Then the movable indicator F shall be 
set to the upper zero mark of the scale, 
or an initial reading taken, and the rod 
released 30 sec. after completion of mix- 
ing. The apparatus shall be free of all 
vibrations during the test. The paste 
shall be of normal consistency when the 
rod settles to a point 10 mm. below the 
original surface in 30 sec. after being 
released. Trial pastes shall be made 
with varying percentages of water until 
the normal consistency is obtained. Each 
trial shall be made with fresh cement. 

Calculation 

5. The amount of water required for 
normal consistency shall be calculated as 
a percentage by weight of the diy- cement. 



Standard Method of Test for 

SOUNDNESS OF HYDRAULIC CEMENT OVER BOILING 
WATER (PAT TESTY 



A.S.T.M. Designation; C 189 - 44 
Adopted, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 189; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the soundness of hydraulic 
cement by means of neat cement pats 
in steam at atmospheric pressure. 
Apparatus 

2. A steam apparatus in which the 
pats can be maintained in an atmosphere 
of saturated steam above boiling water, 
similar to that shown in Fig. 1, is recom- 
mended. The capacity of this appara- 
tus may be increased by using a rack for 
holding the pats in a vertical or inclined 
position. 

Test Specimen 

3. A pat from cement paste of normal 
consistency,^ about 3 in. in diameter, 
I in. in thickness at the center, and 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-1 on Cement. 

2 This method formerly constituted a portion of the 
Standard Methods of Sampling and Physical Testing of 
Portland Cement (C 77 - 40), discontinued in 1944, which 
latter standard was originally part of the Standard Specifi- 
cations for Portland Cement (A.S.T.M. Designation; 
C 9) published as standard from 1904 to 1930, at which 
time the specifications and methods were separated and 
published individually. 

3 Standard Method of Test for Normal Consistency of 
Hydraulic Cement (A.S.T.M. Designation: 187), which 
appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


tapering to a thin edge, shall be made on 
a flat, clean glass plate about 4 in. square. 
In molding the pat, the cement paste 
shall first be flattened on the glass and 
the pat then formed by drawing the 
trowel from the outer edge toward the 
center to give a rounded surface. 

Procedure 

4. (a) Immediately after being made, 
the pats shall be stored for 24 hr. in an 
atmosphere of not less than 98 per cent 
relative humidity at 70 db 3 F. The 
pat on the glass plate shall then be placed 
in an atmosphere of saturated steam on 
a suitable support 1 in. above boiling 
water for 5 hr. 

(b) The pat shall be examined for 
soundness within 1 hr, after removal 
from the steam apparatus. Unsound- 
ness is usually manifested by change in 
volume, which causes distortion, crack- 
ing, checking, or disintegration as illus- 
trated in Fig. 2 (b). 

(c) Should the pat leave the plate, 
distortion may be detected best with a 
straightedge applied to the surface that 
was in contact with the plate. 
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Apparcfus to be made of Sheei Copper weighing 
22 Qz.pereq.ff. finned inside- AH seams fo be 
lapped where possible. Hard Solder only fo be 
used- Dimensions are opf/ona/ excepf disfance 
beiween Wafer Level and Top of Pack which 
musf be /inch os specified. 


Fig, 1, — ^Apparatus for Pat Test for Soundness. 




Pat Test for Soundness of Hydraulic Cement (C 189 - 44) 


(a) Shrinkage Cracks Shown Above, Due to Exposure of Pats to Dry Air During Settinj 
Are Not to Be Considered as Evidence of Unsoundness. 


Distortion 


Checking 


Disintegration 


(b) Typical Failures in Soundness Test. 
Fig, 2. — Soundness Test Pats. 





Standard Method of Test for 
SPECIFIC GRAVITY OF HYDRAULIC CEMENT* 



A.S.T.M. Designation; C 188 - 44 
Adopted, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 188; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the specific gravity of hy- 
draulic cement. Its particular useful- 
ness is in connection with the design and 
control of concrete mixtures. 

Apparatus 

2. (o) The standard Le Chatelier 
flask® conforming to the dimensions 
shown in Fig. 1 shall be used. 

if) Kerosine free of water, or naphtha 
having a gravity not lighter than 62° 
A.P.I. shall be used in the specific gravity 
determination. 

Procedure 

3. (fl) Specific gravity of cement shall 
be determined on the material as re- 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-1 on Cement. 

2 This method formerly constituted a portion of the 
Standard Methods of Sampling and Physical Testing of 
Portland Cement (C 77 - 40), discontinued in 1944, which 
latter standard was originally part of tire Standard Specifi- 
cations for Portland Cement (A.S.T.M. Designation: C 9) 
published as standard from 1904 to 1930, at which time 
the specifications and methods were separated and pub- 
lished individually. 

2 This apparatus has been standardized by the Na- 
tional Bureau of Standards. Requirements for the flask 
are described in “Testing of Glass Volumetric Ap- 
paratus,” Nat. Bureau Standards, Circular C434, Super- 
intendent of Documents, Government Printing Office, 
Washington, D. C. (1941). 


ceived, unless otherwise specified. If 
the specific gravity determination on a 
loss-free sample is required, the sample 
shall first be ignited as described in the 
test for loss on ignition in Section 17 of 
the Standard Methods of Chemical 
Analysis of Portland Cement (A.S.T.M. 
Designation: C 114).^ 

(b) The flask shall be filled (Note 1) 
with either of the liquids specified in 
Section 2 (b) to a point on the stem be- 
tween the zero and the 1-ml. mark. The 
inside of the flask above the level of the 
liquid shall be dried, if necessary, after 
pouring. The first reading shall be re- 
corded after the flask has been immersed 
in the water bath (Note 2) in accordance 
with Paragraph (c). A weighed quan- 
tity of cement (about 64 g. for portland 
cement) shall then be introduced in small 
amounts at the same temperature as the 
liquid (Note 1). Care shall be taken to 
avoid splashing and to see that the ce- 
ment does not adhere to the inside of the 
flask above the liquid. A vibrating 
apparatus may be used to accelerate the 
introduction of the cemenfinto the flask 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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and to prevent the cement from sticking 
to the neck. After all the cement has 
been introduced, the stopper shall be 
placed in the flask and the flask rolled 
in an inclined position (Note 1), or 
gently whirled in a horizontal circle, so 
as to free the cement from air until no 
further air bubbles rise to the surface of 
the liquid. If a proper amount of ce- 
ment has been added, the level of the 
liquid will be in its final position at some 
point of the upper series of graduations. 
The final reading shall be taken after 
the flask has been immersed in the water 
bath in accordance with Paragraph (c). 

Note 1. — It is advisable to use a rubber pad 
on the table top when filling or rolling the flask. 

Note 2. — Before the cement has been added 
to the flask, a loose-fitting lead-ring weight 
around the stem of the flask will be helpful in 
holding the flask in an upright position in the 
water bath, or the flask may be held in the water 
bath by a burette clamp. 

(c) The flask shall be immersed in a 
constant- temperature water bath, main- 
tained at about room temperature, for 
a sufficient interval before making either 
of the readings so as to avoid variations 
greater than 0.2 C. in the temperature 
of the liquid in the flask. All readings 
shall be checked until they are constant 
to ensure that the contents of the flask 
have reached the temperature of the 
water bath. 

Calculation 

4. The difference between the first and 
the final readings represents the volume 
of liquid displaced by the weight of ce- 
ment used in the test. The specific 
gravity shall be calculated as follows: 

g _ wt. of cement in grams 
^ ^ displaced vol. in ml. 


Reproducibility 

5. Duphcate determinations of spe- 
cific gravity by this method should agree 
within 0.01. 



Test. 


Note. — V ariations of a few millimeters in such dimen- 
sions as total height of flask, diameter of base, etc., are to 
be exjjected and will not be considered suiScient cause for 
rejection. 


Standard M et hods of Test for 

TIME OF SETTING OF HYDRAULIC CEMENT 
BY THE VICAT OR GILLMORE NEEDLES^ 



A.S.T.M. Designation: C 191 - 44 

Adopted, 1944. * 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 191; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods of test are intended 
for determining the time of setting of 
hydraulic cement by means of the Vicat 
or Gillmore needles. 

Note. — The Vicat method and the Gillmore 
method are alternate procedures, either of 
which may be used as specified. 

Apparatus 

2. (a) Scales . — ^The scales shall con- 
form to the following requirements: On 
scales in use the permissible variation at 
a load of 1000 g. shall be plus or minus 1.0 
g. The permissible variation on new 
scales shall be one half of this value. The 
sensibility reciprocal shall be not greater 
than twice the permissible variation. 


* Under the standardization procedure of the Society, 
these metliods are under the jurisdiction of the A.S.T.M. 
Committee C-1 on Cement. 

2 These methods formerly constituted a portion of the 
Standard Methods of Sampling and Physical Testing of 
Portland Cement (C 77-40), discontinued in 1944, which 
latter standard was originally part of the Standard Speci- 
fications for Portland Cement (A.S.T.M. Designation: 
C 9) published as standard from 1904 to 1930, at which 
time the specifications and methods were separated and 
published individually. 

3 The sensibility reciprocal is a measure of the sensi- 
tiveness of a balance, and is the weight required to move 
the position of equilibrimn of the pointer one division. 
For a_ complete definition of sensibility reciprocal, see 
“Specifications, Tolerances, and Regulations for Com- 
mercial Weighing and Measuring Devices,” Handbook H29, 
Nat. Bureau Standards, September, 1942, pp. 87 and 88. 


(b) Weights . — The permissible varia- 
tions on weights in use in weighing the 
cement shall be as prescribed in Table 1. 
The permissible variations on new 
weights shall be one half of the values in 
Table I. 


TABLE I. — ^PERMISSIBLE VARIATIONS ON 
WEIGHTS. 


Weight, g. 

Permis-sible 
Variations on 
Weights in Use, 
plus or minus, 

S- 

500 

0.35 

300 

0.3 

250 

0.25 

200 

0.20 

100 

0.15 

50 

0.10 

20 

0.05 

10 

0.04 

5 

:... 0.03 

2 

0.02 

1 

0.01 

(c) Glass Graduates.- 

—Glass graduates 

; 100-ml. to 200-ml. capacities used for 


measuring the mixing water shall he 


made to deliver the indicated volume at 
20 C. (68 F.). The permissible variation 
shall be plus or minus 1.0 ml. The main 
graduation lines shall be circles and shall 
be numbered. The least graduations 
shall extend at least one seventh of the 
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way around, and intermediate gradua- ring shall be made of a noncorroding, 
tions shall extend at least one fifth of the nonabsorbent material, and shall have 
way around. an inside diameter of 7 cm. at the base 

(d) Vicat Apparatus .- — The Vicat ap- and 6 cm. at the top, and a height of 4 
paratus shall consist of a frame A (Fig. 1) cm. In addition to the above, the Vicat 



Fig. 1. — Vicat Apparatus. 


Voearing a movable rod B, weighing 300 
g., one end C, the plunger end, being 1 
cm. in diameter for a distance of at least 
5 cm., and the other end having a re- 
movable needle D, 1 mm. in diameter 
and 5 cm. in length. The rod B is revers- 
ible, and can be held in any desired posi- 
tion by a set screw E, and has an adjust- 
able indicator F which moves over a scale 
(graduated in millimeters) attached to 
the frame A. The paste is held in a 
rigid conical ring G, resting on a glass 
plate E about 10 cm. square. The 


apparatus shall conform to the following 
requirements : 


Weight of 

plunger 300 =t 0.5 g. (0.661 lb. ± 8 grains) 

Diameter of 

larger end of 

plunger 1 i O.OOS cm. (0.394 ± 0.002 in.) 

Diameter of 

needle 1 ± O.OS mm. (0.039 ± 0.002 in.) 

Inside diameter 

of ring at 

bottom 7 ± 0.3 cm. (2.75 ± 0.12 in.) 

Inside diameter 

of ring at top.. 6 ± 0.3 cm. (2.36 ± 0.12 in.) 

Height of ring. . . 4 ± 0.1 cm. (1.57 it 0.04 in.) 

Graduated scale.. The graduated scale, when compared 
with a standard scale accurate to 
within 0.1 mm. at all points, shall not 
show a deviation at anj' point greater 
than 0.25 mm. 
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(e) Gillmore Needles . — ^The Gillmore 
needles shall conform to the following 
requirements: 


Initial Needle: 

Weight M lb. ± 8 grains (113.4 ± O.S g.) 

Diameter ± 0.002 in. (2.12 ± 0.05 mm.) 

Final Needle: 

Weight 1 lb. a: 8 grains (453.6 ± 0.5 g.) 

Diameter 0.002 in. (1.06 ± 0.05 mm.) 


The needle tips shall be cylindrical for a 
distance of about W in. The needle ends 
shall be plane and at right angles to the 
axis of the rod and shall be maintained 
in a clean condition. The Gillmore 


relative humidity of not less than 90 per 
cent. 

Preparation of Cement Paste 

4. A 500-g. sample of cement shall be 
placed on a smooth, nonabsorbent sur- 
face and a crater formed in the center. 
The percentage of clean water required 
for normal consistency'^ shall be poured 
into the crater, and the cement on the 
outer edge shall be turned into the crater 
within 30 sec. by the aid of a trowel. 



k- 3" >t 

(a) Pat with Top Surface Flattened for Determining Time of Setting by Gillmore Method. 


/Vo/e Cross Arms musi 
be Designed to Pre~ 
veni fheir Rotation 
about the Vertical 
Shaft 

Lower Arm Prefer- 
ably Adjustable for 
Height. 




£■/— H 

Detail of Needle Tips 
Replaceable Tips may be made 
of Stock Drill Rod or Wire Tem- 
pered After Shaping and Held 
by Suitable Chuck or Other 
Fastener. 


(b) Gillmore Needles. 

Fig. 2. — Gillmore Apparatus and Test Specimen. 


needles should preferably be mounted as 
shown in Fig. 2 {b). 

Temperature and Humidity 
3. The temperature of the air in the 
vicinity of the mixing slab, the dry 
cement, molds, and base plates shall be 
maintained between 20 and 27.5 C. (68 
and 81.5 F.). The temperature of the 
mixing water and of the moist closet or 
moist room shall not vary from 21 C. 
(70 F.) by more than plus or minus 1.7 C. 
(3 F.) The moist closet or moist room 
shall be so constructed as to provide 
storage facilities for test specimens at a 


After an additional interval of 30 sec. for 
the absorption of the water, during which 
interval the dry cement around the out- 
side of the cone shall be lightly troweled 
over the remaining mixture to reduce the 
evaporation losses and to promote ab- 
sorption, the operation shall be com- 
pleted by continuous, vigorous mixing, 
squeezing, and kneading with the hands 
for 1| min. During the operation of 
mixing, the hands shall be protected by 
snug-fitting rubber gloves. 

* Standard Method of Test for Normal Consi-stency of 
Hydnaulic Cement (A.S.T.M. Designation; (1 187', which 
appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Procedure for Vicat Method 

5. (a) Molding Test Specimen . — ^The 
cement paste, prepared as described in 
Section 4, shall be quickly formed into a 
ball with the gloved hands and tossed six 
times from one hand to the other, main- 
taining the hands about 6 in. apart. The 
ball, resting in the palm of one hand, shall 
be pressed into the larger end of the coni- 
cal ring G, Fig. 1, held in the other hand, 
completely filling the ring with paste. 
The excess at the larger end shall then be 
removed by a single movement of the 
palm of the hand. The ring shall then be 
placed on its larger end on a glass plate 
H, and the excess paste at the smaller 
end sliced off at the top of the ring by a 
single oblique stroke of a sharp-edged 
trowel held at a slight angle with the top 
of the ring, and the top smoothed, if nec- 
essary, with a few light touches of the 
pointed end of the trowel. During these 
operations of cutting and smoothing, 
care shall be taken not to compress the 
paste. Immediately after molding, the 
test specimen shall be placed in the moist 
closet or moist room and remain there 
except when the determinations of time 
of setting are being made. The test 
specimens shall remain in the conical 
mold, supported by the plate H, through- 
out the test period, 

(6) Time of Setting Determination . — 
The needle D of the rod B, Fig. 1, shall 
be lowered until it rests on top of a por- 
tion of the glass plate which projects 
beyond the ring G, and the adjustable 
indicator F set to the lower zero mark of 
the scale or an initial reading taken. The 
rod B shall then be raised, the needle D 
carefully brought in contact wdth the sur- 
face of the paste, and the rod quickly 
released. The initial set shall be said to 
have occurred when the needle ceases to 
pass a point 5 mm, above the glass plate 
in 30 sec. after being released; and the 
final set, when the needle does not sink 
visibly into the paste. 


(c) Precautions . — The test specimens 
shall be kept in the moist closet or moist 
room during the test. Care shall be 
taken to keep the needle clean, as the 
collection of cement on the sides of the 
needle retards the penetration, while 
cement on the point may increase the 
penetration. The time of setting is af- 
fected not only by the percentage and 
temperature of the water used and the 
amount of kneading the paste received, 
but also by the temperature and humid- 
ity of the air, and its determination is 
therefore only approximate. 

Procedure for Gillmore Method 

6. {a) Molding Test Specimen . — From 
the cement paste, prepared as described 
in Section 4, a pat about 3 in. in diameter 
and I in. in thickness at the center with a 
flat top and tapering to a thin edge, Fig. 
2 (o) shall be made on a fiat, clean glass 
plate about 4 in. square. In molding 
the pat, the cement paste shall first be 
flattened on the glass and the pat then 
formed by drawing the trowel from, the 
outer edge toward the center, then flat- 
tening the top. After making, the pat 
shall be placed in the moist closet or 
moist room and remain there except when 
the determinations of time of setting are 
being made. 

(b) Time of Setting Determination . — 
In determining the time of setting, the 
needles shall be held in a vertical position 
and applied lightly to the surface of the 
pat. The cement shall be considered to 
have acquired its initial set when the pat 
will bear, without appreciable indenta- 
tion, the Gillmore needle yV in- in diame- 
ter, loaded to weigh | lb. The cement 
shall be considered to have acquired its 
final set when the pat will bear, without 
appreciable indentation, the Gillmore 
needle -jV in. in diameter, loaded to weigh 
1 lb. 

(c) Precautions . — The appropriate pre- 
(a,utions described in Section 5 (c) shall 
be observed. 


. Standard Method of Test for 
TENSILE STRENGTH OF HYDRAULIC-CEMENT MORTARS^ 



A.S.T.M. Designation: C 190-44 
Adopted, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 190 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, This method of test is intended for 
determining the tensile strength of hy- 
draulic-cement mortars. 

Apparatus 

2. (a) Scales . — The scales used in 
weighing materials for the mortar mixes 
shall conform to the following require- 
ments: On scales in use the permissible 
variation at a load of 1000 g. shall be 
plus or minus 1.0 g. and at a load of 
1500 g. shall be plus or minus 2.0 g. 
The permissible variations on new scales 
shall be one half of these values. The 
sensibility reciprocaP shall be not greater 
than twice the permissible variation. 

(b) Weights.— The permissible varia- 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-1 on Cement. 

2 T’his method formerly constituted a portion of the 
Standard Methods of Sampling and Physical Testing of 
Portland Cement (C 77 -40), discontinued in 1944, which 
latter standard was originally part of the Standard Speci- 
fications for Portland Cement (A.S.T.M. Designation: 
C 9) published as standard from 1904 to 1930, at which time 
the specifications and methods were separated and pub- 
lished individually. 

s The sensibility reciprocal is a measure of the sensi- 
tiveness of a balance, and is the weight required to move 
the position of equilibrium of the pointer one division. 
For a_ complete definition of sensibility reciprocal, see 
‘'Specifications, Tolerances, and Reflations for Commer- 
cial Weighing and Measuring Devices,” Eandbook E29, 
Nat. Bureau Standards, September, 1942, pp. 87 and 88, 


tions on weights in use in weighing mate- 
rials for the mortar mixes shall be as 
prescribed in Table I. The permissible 
variations on new weights shall be one 
half of the values in Table 1. 

TABLE I.— PERMISSIBLE VARIATIONS ON 
MTIIGHTS. 

Permissible 
Vf iatiqns on 


Weight, g. 

Weights in Use, 
plus or minus, 

S- 

1000 

0.5 

900 

;.. 0.45 

750 

0.4 

500 

0.35 

300 

0.3 

250 

0.25 

200 

■ 0.20 

100 

0.15 

SO 

0.10 

20 

0.05 

10 

0.04 

5 

0.03 

2 

0.02 

1 

0.01 


(c) Sieves. — Square-hole, woven wire 
cloth, No. 20 (840-micron) and No. 30 
(590-micron) sieves conforming to the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: E 11)^ shall be used. 


* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 



Test toe. Tensile Strength oe Hydrahlic-Cement Mortars (C 190 - 44) 71 


(d) Glass Graduates . — Glass graduates 
of suitable capacities (preferably large 
enough to measure the mixing water in 
a single operation) shall be made to de- 
liver the indicated volume at 20 C. (68 
F.)- The permissible variation shall be 
plus or minus 1.0 ml. These graduates 
shall be subdivided to at least 1 ml. The 
main graduation lines shall be circles and 
shall be numbered. The least gradua- 
tions shall extend at least one seventh of 
the way around, and intermediate gradu- 
ations shall extend at least one fifth of 
the way around. 

(e) Briquet Molds.~T\i& molds for 
making test specimens shall be made of 
metal not attacked by the cement mor- 
tar, and shall have sufficient material in 
the sides to prevent spreading during 
molding. Gang molds, when used, shall 
be of the type shown in Fig. 1. The 



Fig. 1. — Briquet Gang Mold. 


dimensions of the briquet molds shall 
conform to the following requirements: 
width of mold, between inside faces, at 
waist line of briquet, 1 in. with permis- 
sible variations of plus or minus 0.01 in. 
for old molds and plus or minus 0.005 in. 
for new molds; thickness of new molds 
measured at point of greatest thickness 
on either side of mold at waist line, 1 in. 
with permissible variations of plus 0.004 
in. and minus 0.002 in. 

(/) Trowel . — The trowel shall have a 
steel blade and be of convenient size. 

(g) Testing Machine . — The testing 
machine shall be capable of applying the 
load continuously at a rate of 600 zt 25 
lb. per min., with provision for adjust- 
ments of the rate of loading. The re- 


quirements for accuracy of the testing 
machine shall be as follows: The error 
for loads of not less than 100 lb. shall not 
exceed plus or minus 1.0 per cent for a 
new machine, or plus or minus 1.5 per 
cent for a used machine. The testing 
machine shall be calibrated frequently 
in order to determine its accuracy. 

{h) Clips . — The clips for holding the 
tension test specimens shall be in accord- 
ance with Fig. 2. 

Temperature and Humidity 

3. The temperature of the air in the 
vicinity of the mixing slab, the dry mate- 
rials, molds, and base plates shall be 
maintained between 20 and 27.5 C. (68 
and 81.5 F.). The temperature of the 
mixing water, moist closet or moist room, 
and water in the briquet storage tank 
shall not vary from 21 C. (70 F.) by more 
than plus or minus 1.7 C. (3 F.). The 
moist closet or moist room shall be so 
constructed as to provide storage facili- 
ties for test specimens at a relative 
humidity of not less than 90 per cent. 

Standard Sand 

4. The sand used for making test 
specimens shall be natural silica sand 
from Ottawa, 111., graded to pass a No. 20 
(840-micron) sieve and retained on a No. 
30 (590-micron) sieve. This sand shall be 
considered standard when not more than 
15 g. are retained on the No. 20 sieve, 
and not more than 5 g. pass the No. 30 
sieve after 5 min. of continuous sieving 
of a 100-g, sample in the manner specified 
for sieving cement in the Standard 
Method of Test for Fineness of Hy- 
draulic Cement by the No. 200 Sieve 
(A.S.T.M. Designation: C 184).^ 

Test Specimens 

5. The briquet test specimens shall 
conform to the dimensional requirements 
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shown in Fig. 3. Three or more speci- 
mens shall be made for each period of 
test specified. 



Test. 

Proportioning, Consistency, and Mixing 

of Mortars 

6. (c) The proportions of the standard 
mortar shall be 1 part cement to 3 parts 
standard sand by weight. The quanti- 
ties of dry materials to be mixed at one 
time in the batch of mortar shall be not 
less than 1000 nor more than 1200 g. for 
making six briquets and not less than 
1500 nor more than 1800 g. for making 
nine briquets. The percentage of water 
used in the standard mortar shall depend 
upon the percentage of water required 
to produce a neat cement paste of normal 
consistency from the same sample of 
cement and shall be as indicated in Table 
II, the values being in percentage of the 
combined dry weights of the cement and 
standard sand. The percentage of water 
required to produce a neat cement paste 
of normal consistency shall be deter- 


mined in accordance with the Standard 
Method of Test for Normal Consistency 
of Hydraulic Cement (A.S.T.M. Desig- 
nation: C 187).'^ 

(b) The dry materials shall be weighed, 
placed upon a smooth nonabsorbent 
surface, thoroughly mixed dry, and a 
crater formed in the center. The proper 
percentage of clean water shall be poured 
into the crater, and the material on the 
outer edge turned into the crater within 


TABLE II. — PERCENTAGE OE WATER POR 
STAND Aim MORTALS. 


Percentage of Water 
for Neat Cement Paste of 
Normal Consistency 

Percentage of Water for 
Mortar of One Part 
Cement to Three Parts 
Standard Sand“ 

15 

9.0 

16 

9.2 

17 

9.3 

18 

9.5 

19 

9.7 

20 

9.8 

21 

10.0 

22 

10.2 

98 

10.3 

24 

10.5 

25 

10.7 

26 

10.8 

27 

11.0 

28 

11.2 

29 

11.3 

30 

11.5 



“When the proportions of cement to sand are other 
than one to three by weight, the amount of mixing water 
shall be calculated from the following formula, upon which 
Table II is based: 

y = percentage of water required for the sand mortar, 

F = percentage of water required for neat cement paste 
of normal consistency, 

n — number of parts of sand to one of cement by 
weight, and 

K = a Constant which for the standard sand has the 
value 6.5. 


30 sec. by the aid of a trow^el. After an 
additional interval of 30 sec. for the 
absorption of the water, during which 
interval the dry mortar around the out- 
side of the cone shall be lightly troweled 
over the remaining mortar to reduce the 
evaporation losses and to promote ab- 
sorption, the operation shall be com- 
pleted by continuous, vigorous mixing, 
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squeezing, and kneading with the hands 
for 1| min. During the operation of 
mixing, the hands shall be protected by 
snug-fitting rubber gloves. 

Molding Test Specimens 

7. Before being filled, the molds shall 
be thinly covered with a film of mineral 
oil. Immediately following completion 
of mixing the mortar, the molds, resting 
on unoiled glass or metal plates, shall be 
filled heaping full without compacting. 
The mortar shall then be pressed in 
firmly with the thumbs, applying the 
force 12 times to each briquet, at points 
to include the entire surface. The force 
shall be such that the simultaneous 
application of both thumbs will register a 
force of IS to 20 lb. Each application 
of the thumbs shall be maintained not 
longer than sufficient to attain the speci- 
fied force. The mortar shall then be 
heaped above the mold and smoothed off 
with a trowel. The trowel shall be 
drawn over the mold in such a manner as 
to exert a force of not more than 4 lb. 
The mold shall then be covered with a 
plane glass or metal plate oiled with 
mineral oil, and the mold and plates (held 
together with the hands) shall then be 
turned over, rotating the mold about its 
longitudinal axis. The top plate shall 
then be removed and the operation of 
heaping, thumbing, heaping, and smooth- 
ing off shall be repeated. No ramming 
or tamping shall be used, nor any trowel- 
ing in excess of that required to smooth 
off the specimen. 

Storage of Test Specimens 

8. All test specimens, immediately 
after molding, shall be kept in the molds 
on the base plates in the moist closet or 
moist room for from 20 to 24 hr. with 
their upper surfaces exposed to the moist 
air but protected from dripping water. 
If removed from the molds before 24 hr., 
they shall be kept on the shelves of the 


moist closet or moist room until they are 
24 hr. old, when the specimens, except 
those for the 24-hr. test, shall be im- 
mersed in clean water in storage tanks 
constructed of noncorroding materials. 
The storage water shall be kept clean by 
frequent changing. 

Procedure 

9. (a) The briquet specimens shall be 
tested immediately after their removal 
from the moist closet for 24-hr. speci- 
mens, and from storage water for all other 
specimens. If more than one specimen 
at a time is removed from the moist 
closet for the 24-hr. tests, these briquets 
shall be covered with a damp cloth until 
time of testing. If more than one speci- 
men at a time is removed from the storage 
water for testing, these briquets shall be 
placed in a pan of water at a temperature 
of 21 ± 1.7 C. (70 ± 3 F.) and of suifi- 
cient depth to completely immerse each 
briquet until time of testing. 

(6) Each briquet shall be wiped to a 
surface-dry condition, and any loose sand 
grains or incrustations shall be removed 
from the surfaces that will be in contact 
with the clips of the testing machine. 
The bearing surfaces of the clips shall be 
clean and free of sand, and the roller 
bearings shall be well oiled and main- 
tained so as to insure freedom of turning. 
The stirrups supporting the clips shall be 
kept free of accumulations, and the 
pivots shall be kept in proper adjustment 
so that the clips may swing freely on the 
pivots without binding in the stirrups. 
The briquets shall be carefully centered 
in the clips and the load applied continu- 
ously at the rate of 600 db 25 lb. per min. 

Faulty Briquets and Retests 

10. Briquets that upon removal from 
the molds do not conform to the require- 
ments for thickness and width at the 
waist line (Fig. 3), or that are mani- 
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festly faulty, or that give strengths differ- 
ing by more than 15 per cent from the 
average value of all test specimens made 
from the same sample and tested at the 
same period, shall not be considered in 
determining the tensile strength (Note). 
After discarding briquets or strength 
values, if less than two strength values 
are left for determining the tensile 


strength at any given period, a retest 
shall be made. 

Note. — Reliable strength results depend 
upon careful observance of all of the specified 
requirements and procedures. Erratic results 
at a given test period indicate that some of the 
requirements and procedures have not been 
carefully observed; for example, those covering 
the testing of the briquets, as prescribed in 
Section 9 (6). 



Standard Method of Test for 

COMPRESSIVE STRENGTH OF HYDRAULIC-CEMENT 
IMORTARSi 



A,S.T.M. Designation: C 109 - 44 

Adopted, 1944. * 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 109; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the compressive strength 
of hydraulic-cement mortars. 

Apparatus 

2. (a) The scalesused in weigh- 

ing materials for mortar mixes shall con- 
form to the following requirements: On 
scales in use the permissible variation at a 
load of 2000 g. shall be plus or minus 2.0 g. 
The permissible variation on new scales 
shall be one half of this value. The sensi- 
bility reciprocaP shall be not greater than 
twice the permissible variation. 

(6) Weights . — The permissible varia- 
tions on weights in use in weighing mate- 
rials for mortar mixes shall be as pre- 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-1 on Cement. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1934 to 1944, being revised in 1937, 
1943, and 1944. . 

« The sensibility reciprocal is a measure of the sensi- 
tiveness of a balance, and is the weight required to move 
the position of equilibrium of the pointer one division. 
For a complete delinition of sensibility reciprocal, see 
“Specifications, Tolerances, and Regulations for Com- 
mercial Weighing and Measuring Devices,” Handbook HZ9, 
Nat. Bureau Standards, September, 1942, pp. 87 and 88. 


scribed in Table I. The permissible 
variations on new weights shall be one 
half of the values in Table I. 


T.tBLE I. — PERMISSIBLE VARIATIONS ON 


Weight, g. 
1000 . . 

900.. 

750.. 

500.. 

300.. 

250.. 

200 . . 
100 ,. 

50.. 

20 .. 
10 .. 

5 .. 

2 .. 
1 . . 


WEIGHTS. 


Permissible 
Variations on 
Weights in Use, 
plus or minus, 

g. 

0.5 

0.45 

0.4 

0.35 

0.3 

0.25 

0.20 


0.10 

0.05 

0.04 

0.03 

0.02 

0.01 


(c) Sieves. — Square-hole, woven wire 
cloth No. 100 (149-micron), No. 50 (297- 
micron), No. 30 (590-micron) and No. 16 
(1190-micron) sieves conforming to the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: Ell)* shall be used. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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{d) Glass Graduates. — Glass graduates 
of suitable capacities (preferably large 
enough to measure the mixing water in a 
single operation) shall be made to deliver 
the indicated volume at 20 C. (68 F.). 
The permissible variation shall be plus or 
minus 2 ml. These graduates shall be 
subdivided to at least 5 ml. The main 
graduation lines shall be circles and shall 
be ' numbered. The least graduations 
shall extend at least one seventh of the 
way around, and intermediate giadua- 
tions shall extend at least one fifth of the 
way around. 

(e) Specimen Molds. — Molds for the 
2-in. cube test specimens shall be tight 
fitting. The parts of the molds when 
assembled shall be positively held to- 
gether. The molds shall be made of hard 
metal not attacked by the cement mor- 
tar. For new molds the Rockwell hard- 
ness number of the metal shall be not less 
than B 55. There shall be sufi&cient 
material in the sides of the molds to pre- 
vent spreading or warping. The interior 
faces of the molds shall be plane surfaces 
with a permissible variation of 0.001 in. 
for new molds and 0.002 in. for molds in 
use. The distances between opposite 
faces shall be 2 d= 0.005 in. for new molds, 
and 2 ± 0.02 in. for molds in use. The 
height of the molds, measured separately 
for each cube compartment, shall be 2 
in. with permissible variations of plus 
0.01 in. and minus 0.005 in. for new 
molds, and plus 0.01 in. and minus 
0.015 in. for molds in use. The angle 
between adjacent interior faces, and be- 
tween interior faces and top and bottom 
planes of the mold shall be 90 ± 0.5 deg. 
measured at points slightly removed from 
the intersection of the faces. 

(/■) Mixing Bowl. — The mixing bowl 
shall be of enamelware or other non- 
absorptive, noncorroding material and 
shall have a capacity of 6 to 8 qt. 

(g) Flow Table. — The flow table appa- 


ratus shall consist of a rigid metal frame 
and a circular rigid table 10 in. in diame- 
ter with a shaft attached perpendicular 
to the table top. The table with attached 
shaft shall be mounted on the frame in 
such a manner that it can be raised and 
dropped vertically through a fixed height 
of ^ in. by means of a rotated cam. The 
table top shall have a plane surface and 
be of noncorrodible metal. The table 
and the attached shaft shall weigh 9 rh 
0.1 lb. The end of the shaft shall not 
strike upon the cam at the end of the 
drop. The surfaces of the table and the 
frame which come into contact at the end 
of the drop shall be plane and parallel 
with the upper surface of the table and 
the material of these parts shall be hard 
metal to prevent cushioning effect. The 
contact faces of the cam and the shaft 
shall be such that the table does not ro- 
tate more than one revolution durmg the 
25 drops. The frame shall be attached 
rigidly to a concrete pedestal which shall 
be attached rigidly to the floor. The 
concrete pedestal shall be at least 8 in. 
square or in diameter at the top and at 
least 25 in. in height with a base suitable 
for rigid attachment to the floor and 
shall weigh at least 100 lb. The table 
top, after the frame has been mounted on 
the pedestal, shall be level along any two 
diameters at right angles to each other in 
both the raised and the lowered position. 

Qi) Flow Mold. — The flow mold shall 
be made of noncorrodible material and 
shall be 4 in. in inside diameter at the 
base, 2.75 in. in inside diameter at the 
top, and 2 in. in height. 

{i) Tamper. — The tamper shall be 
made of a nonabsorptive, nonabrasive 
material such as medium-hard rubber 
or seasoned oak wood rendered non- 
absorptive by immersion for 15 min. 
in paraffin at approximately 200 C. 
(392 F.), and shall have a cross-section 
of I by 1 in. and a convenient length 
(5 or 6 in.). 
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(/) Trowel.-~Th& trowel shall have a 
steel blade 4 to 6 in. in length, with 
straight edges. 

{k) Testing Machine . — ^The testing ma- 
chine may be either the hydraulic or the 
screw-type with sufficient opening be- 
tween the upper bearing surface and the 
lower bearing surface of the machine to 
permit the use of verifying apparatus. 
The load applied to the test specimen 
shall be indicated with an accuracy of 
plus or minus 1.0 per cent. The upper 
bearing shall be a spherically seated, 
hardened metal block firml}'’ attached at 
the center of the upper head of the 
machine. The center of the sphere shall 
lie at the center of the surface of the block 
in contact with the specimen. The block 
shall be closely held in its spherical seat, 
but shall be free to turn in any direction. 
The diagonal or diameter® of the bearing 
surface shall be only slightly greater 
than the diagonal of the face of the 2-in. 
cube in order to facilitate accurate cen- 
tering of the specimen. A hardened 
metal bearing block shall be used beneath 
the specimen to minimize wear of the 
lower platen of the machine. The bear- 
ing block surfaces intended for contact 
with the specimen shall have a Rockwell 
hardness number not less than C 60. 
These surfaces shall not depart from 
plane surfaces by more than 0.0005 in. 
when the blocks are new and shall be 
maintained within a permissible variation 
of 0.001 in. 

Temperature and Humidity 

3. The temperature of the air in the 
vicinity of the mixing slab, the dry mate- 
rials, molds, base plates, and mixing 
bowl, shall be maintained between 20 


^ A diameter of 3H in.,whicli is large enough for testing 
3 by 6~m, cylinders, is satisfactory; provided that the lower 
bearing block has a diameter slightly greater than the 
diagonal of the face of the 2-iii. cube but not more than 2.9 
in., and is centered with respect to the upper bearing block 
and held in position by suitable means. 


and 27.5 C. (68 and 81.5 F.). Tlie tem- 
perature of the mixing water, moist 
closet or moist room, and water in the 
storage tank shall not va.ry from 21 C. 
(70 F.) by more than plus or minus 1.7 
C. (3 F.). The moist closet or moist 
room shall be so constructed as to pro- 
vide storage facilities for test specimens 
at a relative humidity of not less than 90 
per cent. 

Graded Standard Sand 

4. The sand (Note 1) used for making 
test specimens shall be natural silica sand 
from Ottawa, 111., graded as follows: 


Sieve Retained 

No. 100 (149-microii) 98 ± 2 

No. 50 (297-micron) 72 ± 5 

No. 30 (S90-micron) 2 ± 2 

No. 16 (1190-micron) none 


Sieve Analysis of Sand 

5. (a) For checking the grading of the 
sand, a sieving test of the sand shall be 
made on each of the four sieves specified 
in Section 2 (c). Samples of sand for 
the sieve tests shall be quartered from a 
sample of about 700 g. obtained by the 
method of quartering the contents of a 
full sack (100 lb.) which have been thor- 
oughly mixed and the pile flattened or 
spread out to minimize segregation dur- 
ing quartering. 

(6) The test on each sieve shall be 
made with 100 g. of sand. The sieve 
shall be thoroughly clean and dry. The 
sieving operation shall be performed in 
the manner specified for sieving cement 
in the Standard Method of Test for 
Fineness of Hydraulic Cement by the 
No. 200 Sieve (A.S.T.M. Designa- 
tion: C 184), 4 except that sieving shall 
be continued until not more than 0.5 g. 
passes through in 1 min. of continuous 
sieving. The weight of the residue on 
the sieve shall be expressed as a percent- 
age of the weight of the original sample. 
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Number of Specimens 

6. Three or more specimens shall be 
made for each period of test specified. 

Preparing Specimen Molds 

7. The interior faces of the specimen 
molds shall be thinly covered with min- 
eral oil or light cup grease. The contact 
surfaces of the halves of each mold shall 
be thinly covered with a heavy mineral 
oil or light cup grease such as petrolatum. 
After assembling the molds, excess oil or 
grease shall be removed from the interior 
faces and the top and bottom surfaces 
of each mold. Molds shall then be set 
on plane, nonabsorptive base plates 
which have been thinly coated with 
mineral oil, petrolatum, or light cup 
grease. A mixture of 3 parts of paraffin 
to 5 parts of rosin by weight, heated 
between 110 and 120 C. (230 and 248 F.), 
shall be applied at the outside contact 
lines of the molds and base plates so that 
watertight joints are effected between 
the molds and the base plates (Note 2). 

Proportioning, Consistency, and Mixing 

of Mortars 

8. (a) The proportions of dry mate- 
rials of the standard mortar shall be one 
part of cement to 2.75 parts of graded 
standard sand by weight. The quanti- 
ties of dr}?- materials to be mixed at one 
time in the batch of mortar for making 
six cubes shall be 500 g. of cement and 
1375 g. of graded standard sand. The 
quantities of dry materials to be mixed 
at one time in the batch of mortar for 
nine cubes shall be 700 g. of cement and 
1925 g. of graded standard sand. The 
amount of mixing water, measured in 
milliliters, shall be such as to produce a 
flow of between 100 and 115 as deter- 
mined in accordance with Section 9 and 
shall be expressed as a percentage by 
weight of the cement. 

(b) Mixing shall be done in a bowl 
(Section 2 (/)) by vigorous and con- 


tinuous stirring, squeezing, and kneading 
with one hand which shall be protected 
by a snug-fitting rubber glove. The ma- 
terials for a batch shall be introduced 
in the following manner: 

(1) Place the water in the bowl, which 
has just been wiped with a damp 
cloth or damp sponge, 

(2) Add the cement to the water and 
mix for 30 sec., 

(J) Add approximately one half of the 
testing sand and mix for 30 sec., 
and 

(4) Add the remainder of the sand 
and mix for 1| min. 

Determination of Flow 

9. The flow-table top shall be carefully 
wiped dry and the flow mold placed at the 
center. Immediately after completing 
the mixing operation, the mold shall be 
filled with mortar gently pressed into 
place by the finger tips to insure uniform 
filling. The mortar shall then be cut off 
to a plane surface, flush with the top of 
the mold, by drawing the straight edge of 
a trowel (held nearly perpendicular to 
the mold) with a sawing motion across 
the top of the mold. The mold shall be 
lifted away from the mortar 30 sec. after 
completing the mixing operation. Im- 
mediately the table shall be dropped 
through a height of | in., 25 times in 15 
sec. The flow is the resulting increase 
in diameter of the mortar mass, expressed 
as a percentage of .the original diameter. 
Trial mortars shall be made with varying 
percentages of water® until the specified 
flow is obtained. Each trial shall be 
made with fresh mortar. The batch of 
mortar upon which flow has been deter- 
mined shall not be used for molding 
specimens. 


o As a guide for the initial trial mortar, the percentage 
of water to produce the specified flow will be about 5.1 per 
cent for Portland cement containing air-entraining ma- 
terial and about 55 per cent for Portland cement not 
containing air-entraining material. 
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Molding Test Specimens 

10. Immediately following completion 
of the mixing, the mortar adhering to 
the mixing glove shall be removed by 
striking the hand against the side or 
edge of the mixing bowl. The glove shall 
then be removed. A layer of mortar 
about 1 in. in thickness shall be placed 
in all of the cube compartments. Then 
the mortar in each cube compartment 
shall be tamped (Section 2 (f)) 32 times 
in about 10 sec. in four rounds, each 
round to be at right angles to the other 
and consisting of eight adjoining strokes 
over the surface of the specimen, as 
illustrated in Fig. 1. The tamping pres- 



Fig. 1. — Order of Tamping in Molding of 
Test Specimens, 


sure shall be just sufficient to insure 
uniform filling of the molds. The four 
rounds of tamping (32 strokes) of the 
mortar shall be completed in one cube 
before going to the next. When the 
tamping of the first layer in all of the 
cube compartments is completed, the 
compartments shall be filled with the 
remaining mortar and then tamped as 
specified for the first layer. On comple- 
tion of the tamping, the tops of all cubes 
should extend slightly above the tops of 
the molds. The mortar which has been 
forced out onto the tops of the molds 
shall be brought in with a trowel and the 
cubes smoothed off by drawing the flat 
side of the trowel (with the leading edge 


slightly raised) once across the top of 
each cube at right angles to the length 
of the mold. The mortar shall then be 
cut off to a plane surface flush with the 
top of the mold by drawing the straight 
edge of the trowel (held nearly perpen- 
dicular to the mold) with a sawing mo- 
tion over the length of the mold. 

Storage of Test Specimens 

11. All test specimens, immediately 
after molding, shall be kept in the molds 
on the base plates in the moist closet or 
moist room from 20 to 24 hr. with their 
upper surfaces exposed to the moist air 
but protected from dripping water. If 
removed from the molds before 24 hr., 
they shall be kept on the shelves of the 
moist closet or moist room until they are 
24 hr. old, when the specimens, except 
those for the 24-hr. test, shall be im- 
mersed in clean water in storage tanks 
constructed of noncorroding materials. 
The storage water shall be kept clean by 
frequent changing. 

Procedure 

12. (a) Testing of the cube specimens 
shall be carried out immediately after 
their removal from the moist closet for 
24-hr. specimens, and from storage water 
for all other specimens. If more than 
one specimen at a time is removed from 
the moist closet for the 24-hr. tests, these 
cubes shall be covered with a damp cloth 
until time of testing. If more than one 
specimen at a time is removed from the 
storage water for testing, these cubes 
shall be placed in a pan of water at a tem- 
perature of 21 ± 1.7 C. (70 ± 3 F.) and 
of sufficient depth to completely immerse 
each cube until time of testing. 

(5) Each cube shall be wiped to a 
surface-dry condition, and any loose sand 
grains or incrustations shall be removed 
from the faces that will be in contact 
with the bearing blocks of the testing 
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machine. These faces shall be checked 
by application of a straightedge (Note 
3). If appreciable curvature is present, 
the face or faces shall be ground to plane 
surfaces or the specimen shall be dis- 
carded. 

• (c) The load shall be applied to 
cube faces that were in contact with the 
true plane surfaces of the mold. The 
cube shall be carefully placed in the 
testing machine below the center of the 
upper bearing block. No cushioning or 
bedding materials shall be used. The 
loading up to 50 per cent (25 per cent for 
expected maximum loads of less than 
4000 lb. at ages of 7 days or less) of the 
expected maximum load may be applied 
at any convenient rate, after which the 
specimen shall be loaded continuously to 
failure at a rate or rates which shall at no 
time be less than 1000 nor more than 
6000 psi. per min.'^' 


Calculation 

13. The total maximum load indicated 
by the testing machine shall be recorded, 
and the compressive strength calculated 
in pounds per square inch. If the cross- 
sectional area of a cube varies more than 
0.06 sq. in. from 4.00 sq. in., the actual 
area shall be used for the calculation of 
the compressive strength. 

Faulty Cubes and Retests 

14. Cubes that are manifestly faulty, 
or that give strengths differing by more 
than 10 per cent from the average value 
of all test specimens made from the same 
sample and tested at the same period, 
shall not be considered in determining 
the compressive strength (Note 4). 
After discarding cubesor strength values, 
if less than two strength values are left 
for determining the compressive strength 
at any given period, a retest shall be 
made. 


Explanatory Notes 


Note 1: Segregation of Graded Sand . — 
The graded standard sand should be handled in 
such a manner as to prevent segregation, 
since variations in the grading of the sand cause 
variations in the consistency of the mortar. 
In emptying sacks of sand into bins or in scoop- 
ing sand out of bins or sacks, care should be 
exercised to prevent the formation of mounds 
of sand or craters in the sand, down the slopes 
of which the coarser particles will roll. Bins 
should be of sufficient size to permit these pre- 
cautions. Devices for drawing the sand from 
bins by gravity should not be used. 

Note 2; Watertight Molds . — The mixture 
of paraffin and rosin specified for sealing the 
joints between molds and base plates may be 


7 While the data presented in the report of the 1933 
cooperative tests (see the Report of Working Committee 
on Plastic Mortar Tests for Portland Cement, of Com- 
mittee C-1 on Cement, Proceedings, Am. Soc. Testing 
Mats., Vol. 34, Part I, p. 322 (1934)) do not give conclusive 
evidence on effect of rate of loading, the Working Com- 
mittee favors the use of a uniform rate of loading of about 
4000 psi. per min. (1000 psi. per min. for low-heat Portland 
cements at ages of 7 days or less) . 


found difficult to remove when molds are 
being cleaned. Use of straight paraffin is 
permissible if a watertight joint is secured, but 
due to the low strength of paraffin it should be 
used only when the mold is not held to the base 
plate by the paraffin alone. A watertight 
joint may be secured with paraffin alone by 
slightly warming the mold and base plate before 
brushing the joint. Molds so treated should be 
allowed to return to the specified temperature 
before use. 

Note 3: Cube Faces . — Results much lower 
than the true strength will be obtained by 
loading faces of the cube which are not truly 
plane surfaces. Therefore, it is essential that 
cube molds be kept scrupulously clean, as 
otherwise large irregularities in the surfaces will 
occur. Instruments for cleaning of molds 
should always be softer than the metal in the 
molds to prevent wear. In case grinding of 
cube faces is necessary, it can be accomplished 
best by rubbing the cube on a sheet of fine 
emery paper or cloth glued to a plane surface, 
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using only a moderate pressure. Such grinding 
is tedious for more than a few thousandths of an 
inch; where more than this is found necessary, 
it is recommended that the cube be discarded. 

Note 4. — Reliable strength results depend 
upon careful observance of aU of the specified 
requirements and procedures. Erratic results 
at a given test period indicate that some of the 
requirements and procedures have not been 
carefully observed; for example, those covering 


the testing of the cubes as prescribed in Section 
12 (J) and (c). Improper centering of cubes 
resulting in oblique fractures or lateral move- 
ment of one of the heads of the testing machine 
during loading will often cause lower strength 
results. A cube so broken shall be considered as 
“manifestly faulty” if its strength differs by 
more than 10 per cent from the average of all 
test specimens made from the same sample and 
tested at the same period. 



Standard Specifications for 
QUICKLIME FOR STRUCTURAL PURPOSES' 



A.S.T.M. Designation : C S - 26 
Adopted, 1926.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C5; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover all classes 
of quicklime, such as crushed lime, 
granular lime, ground lime, lump lime, 
pebble lime, and pulverized lime, used 
for structural purposes. 

Chemical Composition 

2. The quicklime shall conform to the 
following requirements as to chemical 
composition, calculated to the nonvola- 
tile basis: 

Cal- Mag- 
cium nesium 
Lime Lime 


Calcium oxide, min., per cent 75 

Magnesium oxide, min., per cent _. . . . . 20 

Calcium and magnesium oxides, min., 

per cent 95 95 

Silica, alumina, and oxide of iron, max., 

per cent 5 5 

Carbon dioxide, max., per cent: 

If sample is taken at the place of manu- 
facture 3 3 

If sample is taken at any other place 10 10 


Residue 

3. The quicklime shall contain not 
more than 15 per cent by weight of 
residue. 

Sampling, Inspection, etc. 

4. The sampling, inspection, rejection, 
retesting, packing, and marking shall be 
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conducted in accordance with the Stand- 
ard Methods of Sampling, Inspection, 
Packing, and Marking of Quicklime and 
Lime Products (A.S.T.M. Designation: 
C 50) of the American Society for Test- 
ing Materials.® 

Methods of Testing 

5. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 

(a) Chemical Analysis . — Standard 
Methods of Chemical Analysis of Lime- 
stone, Quicklime, and Hydrated Lime 
(A.S.T.M. Designation: C 25).® 

{h) Physical Tests . — Tentative Meth- 
ods of Physical Testing of Quicklime 
and Hydrated Lime (A.S.T.M. 
Designation: C 110).® 


' Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-7 on Lime. 

* Prior to their present adoption as standard, these 
specifications were published as tentative from 1913 to 
1915, being revised in 1914 and 1915. They were adopted 
in 1915 but withdrawn and republished as tentative from 
1921 to 1926, being revised in 1922 and 1924. Editorially 
revised and rearranged in 1939. 

“ Appears in this publication, see Contents in Niuneric 
Sequence of A.SiT.M. Designations at front of book. 


SPEcmcATioNs roR Structijral Qxjickiime (C 5 - 26) 
Appendix 


Quicklime can never be used as such for 
structural purposes; it must always be slaked 
first. Since the method of slaking is an impor- 
tant factor in determining the quality of the 
finished product, the following directions for the 
preparation of lime putty are given, not as a part 
of the specifications, but as information for the 
further protection of the purchaser. 

Al. Introduction . — Different kinds of lime 
vary considerably in the way in which they 
behave with water. A little supervision over 
the operation of slaking will amply pay for itself 
by insuring the production of the greatest possi- 
ble quantity and the best possible quality of 
putty. To find out how to slake a new lot of 
lime, it is safest to try a little of it and see how 
it works. Since different lots of the same brand 
of lime vary somewhat, and since the weather 
conditions at the time have a decided influence, 
it is wise to try a sample from each lot used, 
whether familiar with the brand or not. 

A2. Classification of Limes , — In a bucket, put 
two or three lumps of lime about the size of 
one’s fist, or, in the case of granular lime, an 
equivalent amount. Add sufficient water to 
just barely cover the lime, and note how long 
it takes for slaking to begin. Slaking has 
begun when pieces split oS from the lumps or 
when the lumps crumble. Water of the same 
temperature should be used for test and field 
practice. 

If slaking begins in less than 5 min., the 
lime is quick slaking; from 5 to 30 min., medium 
slaking; over 30 min., slow slaking. 

A3. Directions for Slaking . — For quick-slak- 
ing lime, always add the lime to the water, not 
tlie water to the lime. Have sufficient water 
at first to cover all the lime completely. Have 
a plentiful supply of water available for imme- 


diate use — a hose throwing a good stream, if 
possible. Watch the lime constantly. At the 
slightest appearance of escaping steam, hoe 
thoroughly and quickly, and add enou.'h water 
to stop the steaming. Do not be afraid of using 
too much water vvith this kind of lime. 

For medium-slaking lime, add the water to 
the lime. Add enough water so that the lime 
is about half submerged. Hoe occasionally if 
steam starts to escape. Add a little water now 
and then if necessary to prevent the putty from 
becoming dry and crumbly. Be careful not to 
add any more water than required, and not too 
much at a time. 

For slow-slaking lime, add enough w'ater to 
the lime to moisten it thoroughly. Let it stand 
until the reaction has started. Cautiously add 
more water, a little at a time, taking care that 
the mass is not cooled by the fresh water. Do 
not hoe until the slaking is practically complete. 
If the weather is very cold, it is preferable to 
use hot water, but if this is not available, the 
mortar box may be covered In some way to 
retain the heat. 

A4. Preparation of Putty for Z/xe.— After 
slaking, the putty shall be prepared for use, as 
follows: 

(a) White Coah— After the action has ceased, 
run off the putty through a No. 10 (2000-micron) 
sieve and store for a minimum of two weeks. 

{b) Base Coats . — After the action has ceased, 
run off the putty through a No. 8 (2380-micron) 
sieve. Add sand up to equal parts by weight, 
all of the hair required, and store for a minimum 
of two weeks. 

(c) Masons’ Mortar . — After the action has 
ceased, add part or all of the sand required, and 
store for a minimum of 24 hr. 



Standard Specifications for 
NORMAL FINISHING HYDRATED LIME- 



A.S.T.M. Designation: C 6 - 44 
Adopted, 1924; Revised, 1931, I 944.2 

adoption as standard or, in the case of revision, the year of ‘last iSS 


Scope 

1. These specifications cover one type 
of finishing hydrated lime which is 
suitable for use in the scratch, brown, 
and finish coats of plaster, for stucco, 
mortar, and as an addition to portland- 
cement concrete. Lime sold under these 
specifications shall be designated type 
N— normal finishing hydrate. 

Chemical Composition 

2. Type N — normal finishing hydrate 
shall conform to the following require- 
ments as to chemical composition, cal- 
culated to the nonvolatile basis: 


Calcium and magnesium oxides, min. per 

cent ’ _ . 

Carbon dioxide, max., per cent: 

If sample is taken at the place of manu- 
facture 

If sample is taken at any other place! ! ! ! 


95 

5 

7 


Residue 


3. The percentage residue of type N — 

1 Under the standardization procedure of the Society, 
specifications are under the jurisdiction of the 
A.b.T.M. Committee C-7 on Lime. 

“ Prior to their present adoption as standard, these 
specifications were published as tentative from 1913 to 
1915 being revised in 1914 and 1915. They were adopted 
in 1915, revised in 1919, but withdrawn and republiSied 
as tentative from 1921 to 1924, being revised in 1922, 1923, 
and 1924. ' 
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normal finishing hydrate shall conform 
to the following requirements: 


Residue retained on No. 30 (590-micron) 

sieve, max., per cent 

Kesidue retained on No. 200 (74-micron:) 
sieve, max., per cent 


0.5 

IS 


Soundness 


4. Type N — normal finishing hydrate 
shall pass the test for soundness. If 
the steam has no visible effect on the 
pat, the sample shall be reported as 
being “sound.” If the pat disinte- 
pates, the sample shall be reported as 
being unsound and the shipment re- 
jected. If the pat cracks, pops, or 
shows other minor defects, it shall not 
be reported as either sound or unsound, 
but its behavior shall be noted. 

Plasticity 

5. The putty made from tjqie N— 
normal finishing hydrate shall have a 
plasticity figure of not less than 200 
when soaked for a period of not less than 
16 hr. nor more than 24 hr. 

Sampling, Inspection, etc. 

^ 6. The sampling, inspection, rej'ec- 
tion, retesting, packing, and marking 
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shall be conducted in accordance with 
the Standard Methods of Sampling, 
Inspection, Packing, and Marking of 
Quicklime and Lime Products (A.S.T.M. 
Designation: C 50).'* 

Methods of Testing 

7. The properties enumerated in these 
specifications shall be determined in ac- 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


cordance with the following methods of 
the American Society for Testing Ma- 
terials: 

(a) Chemical Analysis . — Standard 

Methods of Chemical Analysis of Lime- 
stone, Quicklime, and Hydrated Lime 
(A.S.T.M. Designation: C 25).'* 

{b) Physical Tests . — -Tentative Meth- 
ods of Physical Testing of Quicklime and 
Hydrated Lime (A.S.T.M. Designation: 
C 110).3 



Standard Specifications for 

HYDRAULIC HYDRATED LIME FOR 
STRUCTURAL PURPOSES ^ 


A.S.T.M. Designation: C 141 -42 
Adopied, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the feed designation C 141; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) These specifications cover hy- 
draulic hydrated lime for structural 
purposes. 

(0 Hydraulic hydrated lime may be 
used for scratch or brown coat of plaster, 
for stucco, for mortar, and as sole 
cementitious material in concrete, or in 
portland-cement concrete either as blend, 
amendment, or admixture. 

Definition 

2. Hydraulic Hydrated Lime . — An 
hydraulic hydrated lime is the hydrated 
dry cementitious product obtained by 
calcining a limestone containing silica 
and alumina to a temperature short of 
incipient fusion so as to form sufficient 
free lime (CaO) to permit hydration 
and at the same time leaving unhydrated 
sufficient calcium silicates to give the 
dry powder, meeting the requirements 
herein prescribed, its hydraulic properties. 

(a) High Calcium Hydraulic Hy- 
drated Lime is a lime that contains not 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee C-7 on Lime. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1938 to 1942. Editorially 
revised in 1944. 


more than 5 per cent magnesium oxide 
(of the nonvolatile portion). 

(6) Magnesium Hydraulic Hydrated 
Lime is a lime containing more than 5 
per cent magnesium oxide (of the non- 
volatile portion). 

Chemical Composition 

3. The hydraulic hydrated lime shall 
conform to the following requirements 
as to chemical composition, calculated 
to the nonvolatile basis: 

Mini- Maxi- 


Calcium and magnesium oxides 
(CaO and MgO), per cent. . . 60 70 

Silica (SiOj), per cent 16 26 

Iron and aluminum oxides 

(FCijOs and AhOj), per cent 12 

Carbon dioxide (CO 2 ), per cent ... 5 


Fineness 

4. The sample shall leave a residue of 
not more than 0.5 per cent on a No. 30 
(590-micron) sieve and not more than 
10 per cent on a No. 200 (74-micron) 
sieve when tested as described in Section 
18. 

Time of Setting 

5. The neat hydraulic hydrated lime 
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paste mixed to normal consistency shall 
not develop an initial set in less than 2 
hr. as determined by the Gillmore needle 
method. Final set shall be attained 
within 48 hr. 

Soundness 

6. Pats of neat hydraulic hydrated 
lime made and stored, as described in 
Section 21 shall be firm and hard and 
show no signs of distortion, cracking, or 
disintegration under both conditions of 
storage. Mortar strength specimens at 
the time of test shall show no signs of 
distortion, cracking, or disintegration. 

Compressive Strength 

7. The average compressive strength 
of not less than three 2-in cubes, made, 
stored, and tested in accordance with 
Sections 22 to 28, shall be not less than 
175 psi. at the age of 7 days. The aver- 
age strength attained at 28 days shall 
be not less than that attained at 7 days. 

Packaging and Marking 

8. The hydraulic hydrated lime shall be 
delivered in suitable containers with the 
brand and name of the manufacturer and 
the net weight plainly marked thereon. 
A bag shall contain 62.5 lb. net. A bar- 
rel shall contain 250 lb. net. All pack- 
ages shall be in good condition at the 
time of inspection. Packages varying 
more than 10 per cent from the weight 
marked thereon may be rejected, and if 
the average weight of packages in any 
shipment, as shown by weighing 50 pack- 
ages taken at random, is less than the 
weight marked thereon, the entire ship- 
ment may be rejected. 

Storage 

9. The hydraulic hydrated lime shall 
be stored in such a mamier as to permit 
easy access for proper inspection and 
identification of each shipment, and in a 


suitable weather-tight building that 
will protect the hydraulic hydrated lime 
from damage. 

Inspection 

10. Every facility shall be provided 
the purchaser for sampling and inspec- 
tion either at the place of manufacture 
or at the destination, as may be specified 
by the purchaser. 

Rejection 

11. The hydraulic hydrated lime may 
be rejected if it fails to meet any of the 
requirements of these specifications. 
However, hydraulic hydrated lime fail- 
ing to meet the 7-day requirements may 
be held awaiting the result of the 28-day 
tests before rejection. At least ten days 
from the time of sampling shall be al- 
lowed for completion of the 7-day test, 
and at least thirty-one days shall be al- 
lowed for completion of the 28-day test. 

Sampling and Methods of Testing 
Size and Number of Samples 

12. Each sample selected for purpose 
of tests shall weigh at least 5 lb. and 
shall represent not more than 200 bbl. 
If only one sample is taken it shall weigh 
at least 10 lb. 

Shipment of Samples 

13. Samples shall be shipped and 
stored in airtight, raoistureproof con- 
tainers. 

Chemical Analysis 

14. Analyses for chemical composition 
shall be carried out in accordance with 
the Standard Methods of Chemical Anal- 
ysis of Limestone, Quicklime, and Hy- 
drated Lime (A.S.T.M. Designation: C 
25) of the American Society for Testing 
Materials.® 

Standard Temperature 

15. The standard temperature shall 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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be 70 F. (21 C.). The air of the labo- 
ratory, the materials, the mixing water, 
the moist closet, and storage tanks shall 
be maintained as nearly as practicable 
at the standard temperature and shall 
not vary therefrom more than 5 F. (3 C.). 

Preliminary Treatment of Samples 

16. The sample shall be given a pre- 
liminary sieving by being passed through 
a No. 20 sieve in order thoroughly to 
mix the sample, break up lumps, and 
remove foreign materials. 

Fineness Test 

17. (a) Apparatus— The No. 30 (590- 
micron) and No. 200 (74-micron) sieves 
shall conform to the Standard Specifica- 
tions for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11) of the 
American Society for Testing Materials.® 

(b) Procedure— k 100-g. sample of 
the material as received shall be placed 
on a No. 30 sieve, which shall be nested 
above a No. 200 sieve. The material 
shall be w^ashed by means of a stream of 
water from a faucet (Note 1). The 
washing shall be continued until the 
water coming through the sieve is clear, 
but in no case shall the washing be 
continued for more than 15 min. 
(Note 2). The residue on both sieves 
shall be dried to constant weight at a 
temperature between 212 and 248 F. 
(100 and 120 C.). The weights of ma- 
terial retained shall be calculated as a 
percentage of the original sample, the 
weight of the material retained on the 
No. 30 sieve being added to the weight 
of the material retained on the No. 200 
sieve to obtain the correct weight of the 
material retained on the No. 200 sieve. 

Note 1. — A piece of rubber tubing attached 
to a water faucet may be used for the washing. 
The velocity of the water, which may be in- 
creased by pinching the tubing, shall not be 
sufficient to cause any splashing of the sample 
over the sides of the sieve. 

Note 2.— Care shall be taken not to let 
w'ater accumulate on the No. 200 sieve, because 


the openings will become clogged and the opera- 
tion cannot be completed in 15 min. 

Mixing Pasted 

18. Hydraulic hydrated lime pastes 
shall be mixed in accordance with Sec- 
tion 2 (a) to (c) and Section 4 (a) of the 
Standard Method of Test for Normal 
Consistency of Hydraulic Cement 
(A.S.T.M. Designation: C 187),® except 
that the operation of mixing, squeezing, 
and kneading with the hands shall be 
continued for 5 min . 

Normal Consistency^ 

19. Normal consistency shall be de- 
termined by the Vicat apparatus in ac- 
cordance with Standard Method C 187,® 
except that the mixing of the paste shall 
be performed in accordance with Section 
18 of these specifications. 

Time of Setting Test'^ 

20. Time of setting shall be deter- 
mined by the Gillmore needle method in 
accordance with the Standard Methods 
of Test for Time of Setting of Hydraulic 
Cement by the Vicat or Gillmore Needles 
(A.S.T.M. Designation: C 191),® except 
that tlie mixing of the paste shall be per- 
formed in accordance with Section 18 of 
these specifications. The hydraulic hy- 
drated lime pats shall be stored during 
the test in a damp closet maintained at a 
relative humidity of 90 per cent or more. 

Soundness Test 

21. Two pats of hydraulic hydrated 
lime paste of normal consistency (Sec- 
tion 19) shall be used for making sound- 
ness tests. After the first 48 hr. in the 
damp closet one of the pats shall be 
stored in the air of the laboratory for 
5 days and the other shall be immersed 
for 5 days in clean running water in 
storage tanks of suitable materials. Un- 
soundness is manifested by change in 
volume, which causes distortion, crack- 
ing, checking, or disintegration. Pats 

■* This section was editorially revised in 1944. 
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improperly made or exposed to drying 
may develop what is known as shrinkage 
cracks within the first 24 hr. The 
shrinkage cracks are not an indication 
of unsoundness. The mere failure of 
the pats to remain on the glass or the 
cracking of the glass to which the pats 
are attached do not indicate unsound- 
ness. Should the pat leave the plate, 
distortion may be detected with a 
straightedge applied to the surface 
that was in contact with the plate, 
provided the glass plate was flat before 
test. 

Compressive Strength Test 

22. Standard S and, Vat sand used 
for making test specimens shall be 
natural silica sand from Ottawa, III, 
graded* to pass a No. 20 (840-micron) 
sieve and retained on a No. 30 (590- 
micron) sieve.® This sand shall be con- 
sidered standard when not more than 
15 g. are retained on the No. 20 sieve, 
and not more than 5 g. pass the No. 30 
sieve after 5 min. of continuous sieving 
of a 100-g. sample in the manner specified 
for sieving cement in the Standard 
Method of Test for Fineness of Hydraulic 
Cement by the No. 200 Sieve (A.S.T.M. 
Designation: C 184),® 

23. Test Specimen . — The compres- 
sion test specimen shall be a 2-in, cube. 
The molds shall be of noncorrodible 
metal and shall be so designed as to 
prevent spreading during molding. 
Molds shall be oiled with a mineral oil 
before using. 

24. (a) Proportions for Standard Mor- 
The mortar shall consist of 1 part 

of hydraulic hydrated lime to 3 parts of 
standard Ottawa sand, by weight. 

(6) Preparation of Standard Mortar . — 
The mortar shall be mixed in a non- 


6 This section was added editorially in 1944. 

‘ Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M, 
Designations at front of book. 


absorbent bowl of about 1-gal, capacity. 
A measured quantity of w^ater shall be 
poured into the bowl which previously 
has been wiped with a damp cloth. A 
500-g. sample of the hydraulic hydrated 
lime shall then be added and stirred into 
the water with the fingers of one hand 
until all of the hydraulic hydrated lime 
is wetted. Approximately 800 g. of sand 
shall then be added and the stirring con- 
tinued for 30 sec. The remainder of 
1500 g. of sand shall then be added and 
the mortar mixed for 75 sec. by vigorous 
and continued stirring, squeezing, and 
kneading with one hand. The mortar 
shall be allowed to stand for 60 sec. and 
then mixed for another 60 sec. During 
the operation of mixing, the hands shall 
be protected by rubber gloves. The top 
of the flow table (see Paragraph (c)) shall 
be carefully wiped dry and the flow, mold 
placed at the center and filled with the 
mortar. In filling the mold the mortar 
shall not be rammed, but gently puddled 
to insure uniform filling. The mortar 
shall be smoothed off level with the top 
of the mold by aid of a trowel and the 
mold then removed. Immediately, the 
table shall be dropped through a height 
of I in,, 25 times in 15 sec. The flow is 
the resulting increase in diameter of the 
mortar mass, expressed as a percentage 
of the original diameter. The mortar 
shall be of standard consistency when 
the flow is 100 to 115. Trial mortars 
shall be made with varying percentages 
of water until the standard consistency 
is obtained. Each trial shall be made 
with fresh mortar. The quantity of 
water shall be expressed as a percentage 
of the weight of the combined dry ma- 
terials. 

(c) Flow Table . — The flow table ap- 
paratus shall consist of a rigid frame 
with a flat circular top, so mounted on 
a vertical shaft that it can be raised 
and dropped | in. by means of a cam. 
The top shall be of noncorrodible metal. 
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10 in. in diameter, and with the at- 
tached shaft shall weigh 9 lb. The mold 
shall be of noncorrodible material, 4 
in. in inside diameter at the base, 2f in. 
in inside diameter at the top, and 2 in. 
in height. 

25. Molding of Test Specimens. — The 
surfaces of the molds and plates to be in 
contact with the cube specimens shall be 
oiled with a medium viscosity oil. The 
molds shall be half filled with mortar, 
the mortar puddled into place with the 
finger tips of the gloved hand, the mold 
then filled to overflowing, and the mortar 
again puddled with the finger tips. The 
mortar shall then be troweled off flush 
with the top of the molds. 

26. Storage of Test Specimens. — All 
test specimens, immediately after mold- 
ing, shall be kept in the molds on plane 
plates in a damp closet, maintained at a 
relative humidity of 90 per cent or more, 
for from 48 to 52 hr. in such a manner 
that the upper surfaces shall be exposed 
to the moist air. The specimens shall 
then be removed from the molds and 
placed in the air of the laboratory for 
5 days in such a manner as to allow free 
circulation of air around at least five 
faces of the specimens. At the age of 
7 days the specimens for the 28-day 
tests shall be immersed in clean running 
water in storage tanks of noncorrodible 
materials. 

27. Testing of Specimens. — The com- 
pressive strength test may be made with 
any type of verified compression testing 


machine of suitable capacity. Those 
faces of the cube specimen which when 
molded were in contact wdth the sides of 
the mold shall be placed in contact with 
the surfaces through which the load 
is- applied. A spherical-seated bearing 
block shall be used between the upper 
face of the specimen and the head of the 
testing machine. The center of the 
sphere shall lie in that surface of the 
bearing block which is in contact with 
the specimen, and the radius of the 
sphere shall be in. The specimen 
shall be carefully centered in the testing 
machine and below the center of the 
bearing block. Cushioning materials 
shall not be used. The load shall be ap- 
plied uniformly and without shock. The 
moving head of the testing machine 
shall travel at the rate of approximately 
0.05 in. per min. when the machine is 
running idle. 

28. Calculation of CoMpressive 
Strength. — The total load indicated by 
the testing machine at failure of the test 
specimen shall be recorded, and the unit 
compressive strength calculated in 
pounds per square inch of the cross- 
sectional area of the specimen. Speci- 
mens that are manifestly faulty, or that 
give strengths differing by more than 15 
per cent from the average value of all 
test specimens made from the same 
sample and tested at the same period, 
shall not be considered in determining 
the compressive strength. 


Standard Specifications for 

QUICKLIME AND HYDRATED LIME FOR COOKING OF 
RAGS IN PAPER MANUFACTURE' 



A.S.T.M. Designation: C 45 - 25 
Adopted, 1925.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C45; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover quick- 
lime and hydrated lime suitable for use 
in the cooking of rags for the manu- 
facture of paper. 

Note. — Rags are cooked for the manufacture 
of paper in a digester under steam pressure with 
lime or with lime and soda ash. They are 
then washed to eliminate as much of the non- 
cellulose material as possible. 

General Requirements 

2. (a) Either quicklime or hydrated 
lime may be furnished, as specified. 

(5) The lime shall be clean and free 
from gritty substances. 

Chemical Composition 

3. The standard composition for 
quicklime and hydrated lime (per- 
centages of available lime, calculated on 
the basis of the weight of sample taken 

> Under tTie standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-7 on Lime. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1922 to 1925, being re- 
vised m 1924 and 1925. Editorially revised and rearranged 
in 1939. 


at the place of manufacture) shall be as 
follows (Note): 

Hydrated 

Quicklime Lime 

Available lime, per cent ... 90 64.3“ 

“ Available lime of 64.3 per cent is equivalent to 85 
per cent of available calcium bydro.’cide. 

Note. — A standard composition without 
rejection limits is specified for the reason that 
lime of either higher or lower total oxides, avail- 
able lime, calcium oxide, or calcium hydroxide 
than the standard may safely be used under 
suitable conditions for the purpose herein 
specified, depending primarily upon purely 
economic considerations. In the present state 
of the art, it is believed that the more service- 
able type of specification for the product herein 
specified is that which defines a reasonable 
standard rather than one that fixes actual re- 
jection limits. It is generally recognized that, 
other things being equal, lime meeting this 
standard is preferable to lime not meeting it, 
and lime surpassing the standard should be con- 
sidered at a premium. 

Methods of Testing 

4. The chemical analysis for available 
lime shall be made in accordance with 
the Standard Methods of Chemical 
Analysis of Limestone, Quicklime, and 
Hydrated Lime (A.S.T.M. Designation: 
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C 25) of the American Society for 
Testing Materials.® 

Sardpling, Inspection, etc. 

5. The sampling, inspection, rejec- 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


tion, retesting, packing, and marking 
shall be conducted in accordance with 
the Standard Methods of Sampling, 
Inspection, Packing, and Marking of 
Quicklime and Lime Products (A.S.T.M. 
Designation: C 50) of the American 
Society for Testing Materials.® 



Standard Specifications for 
QUICKLIME FOR SULFITE PULP MANUFACTURE' 



A.S.T.M. Designation; C 4:6 -27 

Adopted, 1927.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 46; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover quick- 
lime suitable for use in the manufacture 
of sulfite pulp. 

Note. — Lime is used in the “Milk of Lime” 
or “Tank System” of sulfite pulp manufacture 
for making the cooking liquor. The milk of 
lime is held in solution or suspension in a series 
of tanks equipped with suitable agitators. 
The sulfur dioxide is forced or drawn through 
these tanks successively. In some cases, the 
tanks are built on top of each other in the form of 
a tower. The contents of the first tank are 
drawn off when the liquor has reached a certain 
strength (3.5 to 6 per cent total SO 2 ) and the 
contents of the second and third tanks progress 
to the first and second tanks respectively. The 
third tank is again charged with fresh milk of 
lime. There are other systems of absorption 
which provide for continuous instead of inter- 
mittent operation. The function of the lime 
is to furnish the base for the formation of the 
bisulfites of calcium and magnesium. 

General Requirements 

2. Either calcium or magnesium lime 
may be furnished, but owing to the 

I Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-7 on Lime. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1922 to 1927, being re- 
vised in 1924, 1925, and 1927. Editorially revised and 
rearranged in 1939. 


greater solubility and reactivity of mag- 
nesium bisulfite, high-magnesium lime 
gives the best results. The ratio of 
MgO to CaO shall be reasonably con- 
stant, and the lime shall be moderately 
free from impurities. 

Chemical Composition 

3. The quicklime shall conform to the 
following requirements as to chemical 
composition, all percentages to be cal- 
culated on the basis of the weight of the 
sample taken at the place of manufac- 
ture:® 

Calcium Magnesium 

Lime Lime 

Calcium oxide, min., 

percent 92.5 55.4 

Magnesium oxide, per 

cent 2.5 max. 39 . 6 min. 

Oxides of silicon, iron 
and aluminum, max. , 
percent 3.0 3.0 

“ If it is desired to use the nonvolatile basis the figures 
given above should be changed to the following: 

Calcium Magnesium 
Lime Lime 

Calcium oxide, min., per cent 94.3 56. S 

Magnesium oxide, percent... 2.6max. 40.4min. 

Oxides of silicon, iron and 
aluminum, max., per cent.. 3.1 3.1 

Methods of Testing 

4. The chemical analysis of the lime 
shall be made in accordance with the 
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Standard Methods of Chemical Analysis 
of Limestone, Quicklime, and Hydrated 
Lime (A.S.T.M. Designation: C 25) of 
the American Society for Testing Ma- 
terials.® 

Sampling, Inspection, etc. 

5. The sampling, inspection, rejection, 
retesting, packing, and marking shall be 


conducted in accordance with the Stand- 
ard Methods of Sampling, Inspection, 
Packing, and Marking of Quicklime and 
Lime Products (A.S.T.M. Designation: 
C 50) of the American Society for Test- 
ing Materials,® 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Standard Specifications for 
HYDRATED LIME FOR VARNISH MANUFACTURE' 



A.S.T.M. Designation: C 47 - 27 

Adopted, 192 7.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C47; the final number indicates the year of original 
adoption as standard or, in the case of revision the year of last revision. 


Scope 

1. These specifications cover hydrated 
lime suitable for use in the manufacture 
of oleoresinous varnishes. 

Note. — Hydrated lime is used in the manu- 
facture of oleoresinous varnishes to harden 
and partially neutralize the rosin. About 8 lb. 
of hydrated lime are gradually added to 100 lb. 
of the melted rosin and heated for a short period. 

General Eequirements 

2, (o) The hydrated lime shall be of 
such a color that no pronounced darken- 
ing of the finished varnish will result. 
It shall be of such a texture and of such 
a fineness that all portions of it will 
rapidly come into intimate contact with 
the resins so as to enter into the chemical 
reactions with rapidity. 

(6) The lime shall be completely hy- 
drated (Note), since a high degree of 
hydration is important. 

Note. — A very high calcium lime is pre- 
ferred. It is especially important that the iron 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-7 on Lime. 

’ Prior to adoption as standard, these specifications 
were published as tentative from 1922 to 1927, Editorially 
revised and rearranged in 1939. 


content be low in order to avoid undesirable 
color effects. 

Chemical Composition 

3. The hydrated lime shall conform 
to the following requirements as to chem- 
ical composition, calculated to the non- 
volatile basis: 


(,'alcium oxide (CaO) , min., per cent 9 i . 0 

Magnesium oxide (MgO), max., per cent 3.0 

Iron oxide, aluminum oxide, and insoluble matter, 

ma.x., per cent 3.0 

Iron oxide (FesOa), max., per cent 0.1 

Carbon dio.xide (COa), ma.x., percent: 

If sample is taken at place of manufacture 3.0 

If sample is taken at other than place of manu- 
facture S.O 


Fineness 

4. Not more than 10 per cent of the 
hydrated lime shall be retained on a 
No. 230 (62-niicron) sieve. 

Reactivity 

5. The hydrated lime shall conform 
to the requirements of the tung-oil heat 
test as indicated in Section 6 (c). 

Methods of Testing 

6. {a) Chemical Analysis . — The chem- 
ical analysis of the lime shall be made 
in accordance with the Standard Meth- 
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ods of Chemical Analysis of Limestone, 
Quicklime, and Hydrated Lime (A.S. 
T.M. Designation; C 25) of the American 
Society for Testing Materials.® 

(b) Fineness . — One hundred grams of 
the sample as received shall be placed 
on a No. 230 (62-micron) sieveA The 
material shall be washed by means of a 
stream of water from a faucet (Note). 
Washing shall be continued until the 
water coming through the sieve is clear. 
The residue upon the No. 230 (62-mi- 
cron) sieve shall be dried to constant 
weight in an atmosphere free from CO 2 
in a drying oven whose temperature is 
maintained between 100 and 120 C. (212 
and 248 F.). The weight of this residue 
shall be calculated as a percentage of the 
original sample. 

Note.— A small piece of rubbei’ tubing at- 
tached to a water faucet v,'ill be found con- 
venient. The velocity of the stream of water 
may be increased by pinching the tube, but the 
velocity should not be sufficient to cause any 
danger of splashing the sample over the sides 
of the sieve. 

(c) Tung-Oil Heat Test . — A 1-g. 
sample of hydrated lime shall be stirred 
into 50 g. of raw tung oil® in a 100-ml. 
beaker. The resulting cloudy mass 

“ Appears in this publication, see Contents in Numeric 
Sequence o£ A.S.T.M. Designations at front of book. 

< Detailed specifications for this sieve are given in 
the Standard Specifications for Sieves for Testing Pur- 
poses (A.S.T.M, Designation: Ell), which appears in 
this publication, see (Contents in Numeric Sequence of 
A.S.T.M. Designations at front of book. 

® Tung oil for this test should conform to the Standard 
Specifications for Raw Tung Oil (A.S.T.M. Designation: 
D 12), which appears in this publication, see Contents in 
Numeric Sequence of A.S.T.M. Designations at front of 
book. 


shall be heated. High-quality hydrated 
lime will usually start to react at ap- 
proximately 80 C. (176 F.), small bubbles 
rising to the surface. As heating is 
continued, large flakes of lime tungate 
will form and rise to the surface to form 
a tliick white scum, and the oil below 
will gradually become fairly clear. These 
changes will usually be completed when 
a temperature of 120 C. (248 F.) is 
reached. The heating shall be con- 
tinued until the mass reaches a tem- 
perature of 140 C. (284 F.). It shall 
then be allowed to cool and the forma- 
tion noted of the thick scum on the 
surface which will, when freed of air, 
gradually drop to the bottom of the 
beaker. This scum consists of tung oil 
soaps of lime which are quite insoluble 
in the oil. Addition of rosin will readily 
effect solution of these soaps. 

A poor grade of lime will fail to react, 
the absence of bubbles or flakes of lime 
tungate being noticeable. The oil will 
remain quiescent and cloudy. Only 
small amounts of soaps will form on the 
surface. 

Sampling, Inspection, etc. 

7, The sampling, inspection, rejection, 
retesting, packing, and marking shall be 
conducted in accordance with the Stand- 
ard Methods of Sampling, Inspection, 
Packing, and Marking of Quicklime and 
Lime Products (A.S.T.M. Designation: 
C 50) of the American Society for Test- 
ing Materials.® 


Standard Specifications for 

QUICKLIME AND HYDRATED LIME FOR USE IN 
THE TEXTILE INDUSTRY' 



A.S.T.M. Designation: C 48 - 24 

Adopted, 1924.’* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 48; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover quick- 
lime and hydrated lime suitable for use 
in the textile industry in the treatment 
of the vegetable fibers (cotton, linen, 
and jute). 

Note 1, — ^Lime is used in the textile industry 
for the following operations: 

(a) Liming the kiers, 

(J) Boiling out or scouring, 

(c) Bleaching, 

(d) Mercerizing,^ and 
(fi) Water Softening. 

These specifications apply only to the first 
three operations in connection with the treat- 
ment of the vegetable fibers: cotton, linen and 
jute. Lime for water softening is covered by 
the Standard Specifications for Quicklime and 
Hydrated Lime for Water Treatment (A.S.T.M. 
Designation: C 53) of the American Society for 
Testing Materials.'* 

Note 2, — Kier liming consists of applying a 
coating of whitewash to the inside of the kier 
and heating with steam. These two operations 

I Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-V on Lime. 

’ Prior to adoption as standard, these specifications 
were published as tentative from 1922 to 1924. Editorially 
revdsed and rearranged in 1939. 

3 Work _ is in progress on separate specifications for 
causticization (which is involved in mercerization) . 

< Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


are repeated until a coating of the desired thick- 
ness is obtained. The lime serves to prevent the 
fibers from being stained by the iron kier. 

Note 3. — The boiling-out process consists 
of soaking the fibers in a milk of Hme, passing 
them through rollers into a kier, covering the 
fibers with water and boiling with steam either 
at atmospheric or higher pressures. The fibers 
then pass through a series of washings and treat- 
ments with acid and soda ash. The function of 
the lime is to saponify, hydrolyze, and neutralize 
whereby it makes possible, in following opera- 
tions, the removal of fatty and greasy matters 
and pectin bodies. The fibers then consist of 
practically pure cellulose, the impurities being 
coloring matter not decomposed by alkalies. 

Note 4. — ^Lime is used in the bleaching 
operation for making the “chemic” solution or 
hypochlorite bath. This bath may be made 
from bleaching powder or from lime and liquid 
chlorine. These specifications are limited to the 
process involving the use of lime and liquid 
chlorine. The operation consists of making a 
milk of lime and introducing chlorine under 
carefully controlled conditions until the mixture 
is nearly neutral. The sludge is allowed to 
settle and the clear hj-pochlorite solution is 
drawn off. After bleaching, the fibers are 
scoured and washed, and then passed on to the 
soda ash boil. Lime serves as a carrier of 
chlorine under conditions whereby the libera- 
tion of nascent oxygen and the resulting oxida- 
tion can be controlled in accordance with the 
special requirements of textile fibers. Bleach- 
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ing decolorizes the fibers by oxidation of the 
coloring matter. It probably performs several 
other functions also, about which there is no 
general agreement. 

General Requirements 

2. Either quicklime or hydrated lime 
of fairly high calcium content may be 
furnished, as specified (Note). 

Note. — There is a tendency to prefer quick- 
lime for the boiling out and Icier liming process, 
and hydrated lime for the mordanting process. 
Quicklime or hydrated lime which contains 
iron in a readily soluble form should be avoided 
as should also hydrated lime which contains a 
considerable amount of unhydrated magnesia. 

Chemical Composition 

3. The quicklime and hydrated lime 
shall conform to the following require- 
ments as to chemical composition, cal- 
culated to the nonvolatile basis: 


Calcium oxide (CaO), min., per cent 94.0 

Magnesium oxide (MgO), max,, per cent 3.0 

Iron and aluminum oxides (Fe20i and AbOj), max., 
per cent 2.0 


Silica (SiOi) and insoluble matter, max., percent 2.5 

Carbon dioxide (CO2), max., per cent: 

If sample is taken at place of manufacture; 

g uickiime 3.0 

ydrated lime 5.0 

If sample is taken at other than place of manu- 


Methods of Testing 

4. The chemical analysis of the lime 
shall be made in accordance with the 
Standard Methods of Chemical Analysis 
of Limestone, Quicklime, and Hydrated 
Lime (A.S.T.M. Designation: C 25) of 
the American Society for Testing Ma- 
terials.'* 

Sampling, Inspection, etc. 

5. The sampling, inspection, rejection, 
retesting, packing, and marking shall be 
conducted in accordance with the Stand- 
ard Methods of Sampling, Inspection, 
Packing, and Marking of Quicklime and 
Lime Products (A.S.T.M. Designation; 
C 50) of the American Society for Test- 
ing Materials.'* 


Standard Specifications for 

QUICKLIME AND HYDRATED LIME FOR SILICA 
BRICK MANUFACTURE' 



A.S.T.M. Designation: C 49 - 42 

Adopted, 1924; Revised, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 49; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover quick- 
lime and hydrated lime suitable for use 
in the manufacture of silica brick (Note). 

Note. — In the manufacture of silica brick, 
silica in the form of massive quartzite or quartz 
conglomerate is ground until the particles are 
less than ^ in. in size. Lime in the form of 
either slaked lime or hydrated lime is then added 
in quantities varying from 1.5 to 3.0 per cent CaO 
and the shapes are molded and dried. They 
are then burned in down-draft or tunnel kilns 
until most of the quartzite has been converted 
into tridymite or cristobalite. 

General Requirements 

2. Either quicklime or hydrated lime 
may be used. The lime shall be sub- 
stantially free from ash, dirt, and core. 
Fineness of hydrate and rapidity of slak- 
ing of quicklime are desirable qualities. 

Chemical Composition 

3. The quicklime or hydrated lime 
shall conform to the following require- 
ments as to chemical composition, cal- 
culated to the nonvolatile basis; 

1 Unckr the stanciardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-7 on Lime. 

■ Prior to adoption as standard, these specifications 
were published as tentative from 1922 to 1924. 


Calcimn oxide (CaO), min., per cent 90.0 

Magnesium oxide (MgO), max., per 

cent 4.5 

Combined iron and aluminum o.vides 

(FeaOa and AbOa), max., per cent — 1.5 

Silica (SiOs) and insoluble matter, niax., 


Carbon dioxide (COd), max., per cent; 

If sample is taken at place of manu- 
facture 5.0 

If sample is taken at other than place of 
manufacture 10.0 


Methods of Testing 

4. The chemical analysis of the lime 
shall be made in accordance with the 
Standard Methods of Chemical Analysis 
of Limestone, Quicklime, and Hydrated 
Lime (A.S.T.M. Designation: C 25) of 
the American Society for Testing Ma- 
terials.® 

Sampling, Inspection, etc. 

5. The sampling, inspection, rejection, 
retesting, packing, and marking shall lie 
conducted in accordance with the Staml- 
ard Methods of Sampling, Inspection, 
Packing, and Marking of Quicklime and 
Lime Products (A.S.T.M. Designation: 
C 50) of the American Society for 
Testing Materials.® 

3 Appears in tliis publication, see Contents in Mumeric 
Sequence of A.S.T.M. Oesigmitions at front of book. 



Standard Specifications for 

QUICKLIME AND HYDRATED LIME FOR WATER 
TREATMENT' 


A.S.T.M. Designation: CSS -39 

Adopted, 1927; Revised, 1939. * 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 53; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 



Scope 

1. These specifications cover, lime 
suitable for use in the purification and 
softening of water for municipal and in- 
dustrial supplies. 


(6) Quicklime shall be substantially 
free of core, ash, and dirt, and shall be 
capable of disintegrating in water into a 
suspension of finely divided material. 

Chemical Composition 


Note. — In the treatment of water for munic- 
ipal and industrial supplies, lime is used alone 
or with iron sulfate or aluminum sulfate to pro- 
duce a precipitate which assists in the clari&a- 
tion of the water and in the removal of the bacte- 
ria by filtration. An excess of lime is sometimes 
used to remove part of the hardness of the water. 
Lime and soda ash are used together for softening 
water. The lime serves as a chemical reagent in 
water treatment. The only useful constituent 
of the lime is the calcium oxide content of the 
quicklime or hydrated lime capable of reacting 
with the other chemicals in the water or added 
to it. Inert material, besides reducing the value 
in proportion to its amount, also makes more 
sludge to be disposed of for a given amount of 
chemical action and thus reduces the capacity 
of the equipment in which it is used. 

General Requirements 

2. (a) Either quicklime or hydrated 
lime may be furnished, as specified. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-7 on Lime. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1924 to 1927, being re- 
vised In 1925 and 1927. 

These specifications comprise a revision and consoli- 
dation of the former Standard Specifications for Quicklime 
for Use in Water Treatment (C 53-27) and for Hydrated 
Lime for Use in Water Treatment (C 54-27), 


3. The standard composition for' 
quicklime and hydrated lime (percent- 
ages of available lime, calculated on the 
basis of the weight of sample taken at the 
place of manufacture) shall be as follows 
(Note): 

Hydrated 

Quicklime _ Lime 

Available lime, per cent . . 90 68.1® 


“Available lime of 68.1 per cent is equivalent to 90 
per cent of calcium hydro.xide. 

Note. — A standard composition without 
rejection limits is specified for the reason that 
lime of either higher or lower total oxides, 
available lime, calcium oxide, or calcium hy- 
droxide than the standard may safely be used 
under suitable conditions for the purpose herein 
specified, depending primarily upon purely 
economic considerations. In the present state 
of the art, it is believed that the more service- 
able t5rpe of specification for the product herein 
specified is that which defines a reasonable 
standard rather than one that fixes actual re- 
jection limits. It is generally recognized that, 
other things being equal, lime meeting this 
standard is preferable to lime not meeting it, 
and lime surpassing the standard should be con- 
sidered at a premium. 
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Specifications for Lime for Water Treatment (C 53-39} 


Methods of Test 

4. The chemical analysis for available 
lime shall be made in accordance with 
the Standard Methods of Chemical 
Analysis of Limestone, Quicklime, and 
Hydrated Lime (A.S.T.M. Designation: 
C 25) of the American Society for 
Testing Materials.® 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Sampling, Inspection, etc. 

5. The sampling, inspection, rejec- 
tion, retesting, packing, and marking 
shall be conducted in accordance with 
the Standard Methods of Sampling, 
Inspection, Packing, and Marking of 
Quicklime and Lime Products (A.S.T.M. 
Designation: C 50) of the American 
Society for Testing Materials.® 


Standard Specifications for 
SAND FOR USE IN PLASTER^ 



A.S.T.M. Designation: C35-39 
Adopted, 1939.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 35 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Quality of Sand . — It is recognized that for 
certain purposes satisfactory results may be 
obtained with sands not confonning to these 
specifications. In such cases the use of sand 
not conforming to these specifications may be 
authorized only under special provisions based 
upon laboratory studies of the possibility of 
designing a mixture of materials to be used on 
the job that will yield plaster equivalent in 
quality to the specified mixture made with 
sand complying with these specifications in all 
respects. 

Definition 

1. Sand® for use in plaster shall consist 
of fine granular material composed of 
hard, strong, durable, uncoated particles 
which are free from injurious amounts of 
saline, alkaline, organic, or other dele- 
terious substances. 


1 Under the standardization procedure of the Society, 
these specifications are under the joint jurisdiction of the 
A.S.T.M. Committee" C-7 on Lime and Committee 
C-1 ! on Gyp.surn, 

’ Pnor to their present adoption as standard, these 
spe"ifications were published as tentative from 1921 to 
1925, being revised in 1924 and 1925. They were 
adopted in 1925, revised in 1930, but withdrawn and 
republished as tentative in 1936. 

These specifications are in effect a revision and con- 
solidation of, and replace the former Standard Specifi- 
cations for Sand for Use in Gypsum Plaster (A.S.T.M. 
Designation: C 35) and the Tentative Specifications for 
Sand for Use in Lime Plaster (A.S.T.M. Designation: 
C 66-31 T), which specifications were accordingly 
discontinued in 1936. 

8 The term sand is defined in the Standard Definition 
of the Term Sand (A.S.T.M. Designation: C 58), which 
appears in this publication, see Contents in Numeric Se- 
quence of A.S.T.M. Designations at front of book. 


Grading (Sieve Analy.sis) 

2. (a) Sand for use in plaster shall be 
uniformly graded from fine to coarse 
within the following limits: 

Percentage Retained 


Retained on Sieve Max. Min. 

No. 4 (4760-micron) 0 

No. 8 (23S0-micron) 10 0 

No. 30 (560-micron) 80 15 

No. 50 (297-micron) 95 70 

No. 100 (149-micron) 95 


(b) The amount of material finer than 
a No. 200 (74-micron) sieve, shall not 
exceed 5 per cent. 

(c) The sieves shall conform to the re- 
quirements of the Standard Specifica- 
tions for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11) of the 
American Society for Testing Materials.'* 

Organic Impurities 

3. The sand when subjected to the 
colorimetric test for organic impurities 
shall show a color not darker than the 
standard color, unless it is shown by 
adequate tests that the impurities caus- 
ing the color are not harmful in plaster. 

♦ Appears in this publication, see Contents in N umeric 
Sequence of A.S.T.M. Designations at front of book. 


103 


104 


SPECmCATIONS FOR SaND FOR Plaster (C 35 - 39) 


Metliods of Testing 

4. The properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
test of the American Society for Testing 
Materials: 

(a) Sieve Analysis. ~-Sta.nda.rd. Method 
of Test for Sieve Analysis of Fine and 
Coarse Aggregates (A.S.T.M. Designa- 
tion: C 136)d 


{b) Material Finer than No. 200 Sieve. 
— Standard Method of Test for Amount 
of Material Finer than No. 200 Sieve 
in Aggregates (A.S.T.M. Designation: 
C 117).^ 

(c) Organic Impurities . — Standard 
Method of Test for Organic Impurities in 
Sands for Concrete (A.S.T.M. Designa- 
tion: C 40). 



Standard methods of 

SAMPLING, INSPECTION, PACKING, AND MARKING 
OF QUICKLIME AND LIME PRODUCTS^ 

A.S.T.M. Designation: C 50 - 27 
Adopted, 1927.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 50; the final number indicates the year of original 


adoption as standard or, in the case 

Scope 

1. These methods outline procedures 
for the sampling, inspection, rejection, 
retesting, packing, and marking of 
quicklime and lime products and are 
intended for use in connection with 
the individual specifications for lime. 

Sampling 

General 

2. (o) Samples of quicklime and lime 
products shall be taken at the place of 
manufacture or at the destination, as 
may be agreed upon by the seller and the 
purchaser. If the samples are taken 
elsewhere than at the place of manu- 
facture of the material, such samples 
shall be taken within 24 hr. of the receipt 
of the material. 

(&) Samples may be taken from con- 
veyors delivering to bins or piles, from 
filled bins by means of sampling tubes, 

* Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T M. 
Committee C-7 on Lime. 

^ Prior to adoption as standard, these methods were 
published as tentative from 1922 to 1927, being revised in 
1923, 1924, and 1927. Editorially revised and rearranged 
in 1939. 


•f revision, the year of last revision. 

from filled bins at the point of discharge, 
from piles by means of sampling tubes or 
shovels, or from loaded cars. 

(c) Sampling shall be conducted as 
expeditiously as possible in order to 
avoid undue exposure of the material to 
the air. Samples shall not be taken 
from broken packages. 

{S) Samples shall be taken in triplicate 
and immediately sealed in airtight, 
moistureproof containers. Samples 
shall be of an equal weight of not less 
than 5 lb. each when the quantity 
sampled equals 30 tons or more. For 
smaller quantities, the weights of the 
samples may be reduced proportion- 
ately, provided that no sample shall 
weigh less than 2 lb., except by agree- 
ment between the manufacturer and the 
purchaser. 

(e) One sample shall be immediately 
delivered to the consignee; one sample 
shall be delivered to the consignor, if 
requested, within ten days from the date 
of sampling; the third sample shall be 
retained with the seal unbroken until 
such time as the material has been 
accepted or a referee test called for. 


106 


Methods op Sampling Lime (C 50-27) 


Lump or Granular Material in Bulk 

3. (o) Piles or Cars . — Material shall 
be selected so that it will represent an 
average of all parts of the pile or car and 
shall not contain a disproportionate 
share of the top or bottom layers. 
This material shall comprise at least 
ten shovelfuls taken from different 
parts of the pile or car. The total 
quantity so taken shall weigh not less 
tdian 100 lb. for a unit of 30 tons of 
material, with a proportionate quantity 
for multiples of this unit, provided that 
at no time shall the total amount of 
material so taken weigh less than 50 lb. 
It shall be broken, if necessary, to pass a 
1-in. ring, thoroughly mixed and quar- 
tered, and the triplicate samples for 
testing shall be taken. 

(&) At Conveyors to or from Bins, 
Piles, or Cars . — Material shall be taken 
at regular intervals during the entire 
time of movement of the mass being 
sampled. The quantity to be taken at 
each interval and the number of such 
intervals shall be so proportioned that 
the final quantity of material taken 
shall conform to the requirements pre- 
scribed in Paragraph (a). 

Lump or Granular Material in Packages 

4. At least 2 per cent of the packages 
shall be sampled, but in no case shall 
less than five packages be sampled. 
Individual packages shall be taken from 
various parts of the unit being sampled. 
The contents of each of the packages so 
taken shall be put in a pile, broken, if 
necessary, to pass a 1-in, ring, thoroughly 
mixed and quartered, and the triplicate 
samples for testing shall be taken. 

Powdered Material in Bulk 

5. (fl) Bins, Piles, or Cars. — K sam- 
pling tube shall be used which takes a 
core not less than 1 in, in diameter, and 
which is of sufficient length to permit the 
taking of a core from the top to the 


bottom of the mass being sampled. 
Cores shall be taken from at least ten 
separate parts of the mass. The cores 
so taken shall be thoroughly mixed and 
quartered, and the triplicate samples for 
testing shall be taken from the material 
so selected and prepared. A minimum 
quantity of 100 lb. shall be taken for a 
unit of 30 tons of material, with a 
proportionate quantity for multiples of 
this unit, provided that at no time shall 
less than 50 lb. be taken as the original 
portion. 

(6) At Conveyors to or fro7n Bins, 
Piles, or Cars, at Packing Machines, 
etc . — Sampling at conveyors, packing 
machines, etc., shall conform to the 
provisions of Section 3 (5). 

Powdered Material in Packages 

6. At least 1 .5 per cent of the packages 
shall be sampled, but in no case shall 
less than five packages be sampled. 
Individual packages shall be taken 
from various parts of the unit being 
sampled. A sampling tube shall be 
used which takes a core not less than 
I in. in diameter. The tube shall be 
inserted into the package being sampled 
so that it will take a core of the material 
from substantially the entire length of 
the package. Material thus taken from 
individual packages shall be thoroughly 
mixed and quartered, and the triplicate 
samples for testing shall be taken from 
the material so selected and prepared. 

Treatment of Sample at Laboratory 

7. (a) Sample for Cheinical Analysis. 
— The sample as received at the labora- 
tory shall be thoroughly mixed, and 
reduced in quantity by the usual 
methods of quartering to give a minimum 
portion of 75 g. This portion shall be 
ground, either by a suitable mechanical 
device or by hand in an agate mortar, 
until it all passes a No. 100 (149-micron) 
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sieve.^ This 75-g. sample shall then 
be thoroughly mixed and placed in an 
airtight container for use in the chemical 
analysis. 

(6) Samples for Special Tests. — Sam- 
ples to be used for such special tests as 
may be required by individual specifica- 
tions shall be obtained by mixing and 
quartering the material remaining after 
removal of the 75-g. portion for 
chemical analysis. The quantity of 
sample and the .sieve size of the 
particles will depend upon the require- 
ments of the individual specifications. 

Inspection 

Inspection 

8. When inspection and sampling are 
to be conducted at the place of manu- 
facture, the manufacturer shall afford the 
inspector representing the purchaser all 
reasonable facilities for inspection and 
sampling, which shall be so conducted 
as not to interfere unnecessarily with the 
operation of the works. The duties of 
the inspector or sampler shall be con- 
fined exclusively to sampling and inspec- 
tion of the finished material as ready for 
shipment, and shall not under any cir- 
cumstances be construed to permit 
investigation of methods or processes of 
manufacture. 

Rejection 

Rejection 

9. (a) Rejection of material based on 
failure to pass the tests prescribed in the 
specifications shall be reported to the 
manufacturer within ten days from the 
taking of samples, and the cause for 
rejection shall be stated. 

(6) The samples which represent re- 
jected material shall be kept in airtight, 
moistureproof containers for at least 

3 Detailed requirements for this sieve are given in the 
Standard Specifications for Sieves for Testing Purposes 
(A S.T.M. Designation; E 11), which appears in this 
publication, see Contents in Numeric Sequence of A.S. 
T.M. Designations at front of book. 


five days from the date of the original 
test report. 

Retesting 

Retesting 

10. (a) Either of the contracting par- 
ties may make claim for a retest within 
five days of the date of the original test 
report. The expense of the retest shall 
be borne by the party demanding such 
retest. 

(b) Should the contracting parties 
be unable to reach a mutually satis- 
factory agreement based upon the re- 
sults of the original test, the third 
sample of the material shall be delivered 
unopened to a referee laboratory for 
test and the results of this referee test 
shall be binding on both parties. 

Packing 

Packing 

11. (a) Lump Lime . — Lump lime may 
be shipped in bulk in carload lots, 
in wooden barrels or steel containers 
holding 180 lb. or 280 lb. net each, or in 
pasteboard cartons holding 90 lb. net 
each. 

(5) Pulverized Lime . — Pulverized lime 
may be shipped in bulk, in carload lots, 
or in cloth or paper bags. 

(c) Hydrated Lime . — Hydrated lime 
shall be shipped in cloth bags holding 
100 lb. net each, or in paper bags holding 
50 lb. net each. 

Marking 

Marking 

12. (a) Each shipment of material 
shall carry with it some means of 
identification, stating the particular 
contract on which the purchase and 
shipment were made. 

(6) Each package shall have legibly 
marked thereon, the net weight of its 
contents, the name of the manufacturer, 
the place of manufacture, and the brand 
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name, if any. This marking shall 
comply with all requirements of the 
Federal Lime Barrel Act, entitled “An 
Act to Standardize Lime Barrels (Public 
No. 228 - Congress - S 5425),” and with 
such other federal or state laws as may 
be applicable to the shipment in question. 


(c) In addition to the above informa- 
tion, the following guarantee may be 
marked on each package or shipment: 
“Guaranteed by (name of manufacturer) 
to meet the specifications of the Ameri- 
can Society for Testing Materials” for 
(name of material). 



Standard Methods of 

CHEMICAL ANALYSIS QF LIMESTONE, QUICKLIME, AND 
HYDRATED LIME^ 



A.S.T.M. Designation: C 25 - 44 
Adopted, 1929; Revised, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 25; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods of test cover pro- 
cedures for the chemical analysis of 
limestone, quicklime, and hydrated lime. 

Note. — “The Analysis of Silicate and Car- 
bonate Rocks,” U. S. Geological Survey Bulletin 
700, should be used for reference in connection 
with these methods, especially when very exact' 
and detailed analyses are desired. Blank deter- 
minations should be made on all reagents, and 
corrections applied when necessary. 

Samples for Analysis 

2. Samples for chemical analysis shall 
be taken and prepared in accordance 
with the requirements of the Standard 
Methods of Sampling, Inspection, Pack- 
ing, and Marking of Quicklime and 
Lime Products (A.S.T.M. Designation: 
C 50) of the American Society for Test- 
ing Materials® applicable to the material 
to be tested. 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-7 on Lime. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1919 to 1929, being revised 
in 1921, 1922, 1925, 1926, and 1927. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Special Solution Required 

3. Standard Potassium Permanganate 
Solution . — Dissolve 5.64 g. of KMnOt 
in 1000 ml of water. Let age for one 
week or more. Filter through purified 
asbestos and standardize against tlie 
National Bureau of Standards’ standard 
sample 40c of sodium oxalate as follows: 
Transfer 0.5 g. of the standard sodium 
oxalate, dried at 105 C., to a 400-ml. 
beaker. Add 250 ml. of diluted H 2 SO 4 
(5:95), freshly boiled for 10 to 15 min. 
and cooled to 27 ± 3 C. Stir until the 
oxalate has dissolved. Add 40 to 42 ml. 
of the standard KMn0.i at the rate of 
25 to 35 ml. per min., while stirring 
slowly. Let stand until the pink color 
disappears (about 60 sec.). (If the 
pink color should persist because of the 
addition of an excess of IvMn 04 solu- 
tion, discard and begin again, adding a 
few milliliters less of the KMn 04 .) 
Heat to 55 to 60 C. and complete the 
titration at this temperature by adding 
KMn 04 until a faint pink color persists 
for 30 sec. Add the last 0.5 to 1 ml 
drop by drop, with particular care to 
allow each drop to become decolorized 
109 
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before the next is introduced. Deter- 
mine the excess of KMnO,i required to 
impart a pink color to the solution-’ by 
matching the color in another beaker 
containing the same amount of the 
specially treated diluted H 2 SO 4 at 55 
to 60 C. One milliliter of the standard 
KMn 04 will be approximately equiva- 
lent to 0.005 g. of CaO.-^ The exact 
value shall be calculated from the fol- 
lowing equations: 

5 NatjCuOi 4- 2 KMnOi + 8 H..SO 4 = 

5 NasSOi + K 2 SO 4 -1- 2 MnS04 

-I- 10 CO 2 + 8 HiO 

5 CaC204 + 2 KMn04 + 8 H 2 SO 4 = 

5 CaS04 -h K2SO4 4- 2 MnS 04 

4 - 10 CO 2 4- 8 H 2 O 

Insoluble Matter Including Silicon 

Dioxide 

4. Weigh out approximately 0.5 g. of 
the sample^ and, if a limestone or 
hydrated lime, ignite in a covered 
platinum crucible in an electric muffle® 
for 15 min., or longer if the heat is not 
powerful enough to effect complete 
decomposition within that time. Trans- 
fer to an evaporating dish, preferably of 
platinum’ for the sake of celerity in 
evaporation, mix to a thin slurry with 
distilled water, add 5 to 10 ml. of HCl 
(sp. gr. 1.18), and digest with aid of 
gentle heat and agitation until solution 
is complete. Solution may be aided 
and the time shortened by light pressure 
with the flattened end of a glass rod 

* With high calcram limes, more than 50 ml. of this 
solution probably will be required to titrate the liberated 
oxalic acid. In such cases the use of a larger burette is 
to be preferred to increasing the strength of the perman- 
ganate solution. 

6 Due to the rapidity with which quicklime and hy- 
drated limes become contaminated by absorption of water 
and carbon dioxide from the air, samples must be pro- 
tected in tightly stoppered containers at all times. Samples 
for analysi.s are to be weighed from stoppered weighing 
bottles, the exact weight of the samples being determined 
by the ciill'erence in weight of the bottles before and after 
the samples are removed. 

6 Ignition of the sample in an electric muffle is far 
superior to flame ignition. If an electric muffle is not 
available, flame ignition and the blast lamp may be used. 

Ufa platinum dish is not available, porcelain may be 
used. A glass container positively must be used. 


upon resistant lumps. Then evaporate 
the solution to dryness, so far as this 
may be possible, on the water bath. 
When dry or nearly so, place the dish 
and its contents (covered) in an air bath 
or on a platinum triangle resting on a 
hot plate and, if a limestone of high 
calcium content is under treatment, heat 
for 1 hr. at 200 C.; if a limestone of high 
magnesium content is under treatment 
the temperature should not exceed 
120 C. Drench the cooled mass with 
HCl (sp, gr. 1.18) and allow to stand for 
a few minutes. Add an equal volume of 
water, cover the dish, and place on the 
water bath for 10 min.® Separate the 
SiOz by filtration on a filter of suitable 
size. Wash thoroughly with diluted 
HCl and then wash twice with cold 
water. Evaporate the filtrate to dry- 
ness. Extract the residue with HCl 
as before but allowing only a few 
minutes time. Filter this solution 
through a second and smaller paper. 
Transfer the wet papers containing the 
separated residue to a weighed platinum 
crucible. Char carefully without allow- 
ing the paper to inflame, and then 
ignite to constant weight in an electric 
muffle.® The increase in weight repre- 
sents the insoluble and siliceous matter 
and is reported as insoluble matter, 
including silicon dioxide. 

Silicon Dioxide 

5. (a) Treat the “insoluble matter 
including silicon dioxide,” (Section 4) 
in the crucible with 5 ml. of water, 5 ml. 
of HF and one or two drops of H 2 SO 4 ,® 
and evaporate to dryness. Heat the 
residue for 2 or 3 min. in an electric 
muffle® and again weigh. The difference 
between this weight and that previously 
obtained gives the weight of SiOa.^ 

« Instead of strong acid, that of half strength may be 
used and the heating begun at once. 

’ See U. S, Geological Survey Bulleiin 700, p. 103. 

‘"For ordinary control work in the plant laboratory 
this correction may, perhaps, be neglected; the double 
evaporation must never be neglected. 
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(6) To determine Si02 by volatiliza- 
tion with HF, fuse the residue in the 
crucible with a little Na2C03d^ cool the 
melt and dissolve it in diluted HCl. 
Add the solution to the filtrate from the 
second evaporation for “insoluble matter 
including silicon dioxide” (Section 4). 
If the “insoluble matter including silicon 
dioxide,” is reported as such and no HF 
treatment is given, the “insoluble matter 
including silicon dioxide,” is not fused 
or further treated. 

Insoluble Matter other than Silicon 

Dioxide 

6. The difference between the weight 
of “insoluble matter including silicon 
dioxide” and silicon dioxide represents 
the “insoluble matter other than silicon 
dioxide.” 

Iron and Aluminum Oxides 

7. To the HCl solution from the 
determination of Si02 add a few drops 
of bromine water or HNO3 and boil the 
solution until all trace of bromine or 
chlorine is gone. Then add HCl, if not 
already present, sufficient to ensure a 
total volume of 10 to 15 ml. of HCl (sp. 
gr. 1.1 8). Add a few drops of methyl 
red solution and after diluting to 200 to 
250 ml. heat the liquid to boiling. 
Neutralize by means of NH4OH (diluted 
towards the end) until the color of the 
liquid changes to, a distinct yellow. 
Boil for 1 or 2 min., allow to settle, 
filter, and immediately wash the pre- 
cipitate two or three times with hot 
NH4CI (2 per cent) and dry by suction.^® 
Set the filtrate aside. Dissolve any pre- 
cipitate from the paper in hot, diluted 
HCl, the solution passing into the 
beaker in which the precipitation was 
made, and wash the paper thoroughly 


Fusion with pyrosulfate is to be avoided on account 
of the subsequent introduction of sulfates into the solu- 
tion. 

12 See U. S Geological Survey Bulletin 700, p. 2S8. 

13 See U. S. Geological Survey Bulletin 700, p. 107. 


with hot water. Boil the solution to 
expel any trace of chlorine, and pre- 
cipitate the hydroxides with NH4OH 
as before. Ignite the moist precipitate 
in a weighed platinum crucible,^ cool, 
and weigh as AI2O3 and Fe203.^^ 

Total Iron, Standard Procedure 

8. Fuse the combined iron and alumi- 
num oxides^® (Section 7) in a platmum 
crucible at a very low temperature with 
3 to 4 g. of Na2S207 or £28207.^® Treat 
the melt with sufficient diluted H2SO4 
to insure the presence of not less than 
5 g. of absolute acid and enough water 
to effect solution on heating. Evaporate 
the solution and eventually heat until 
acid fumes come off copiously. After 
cooling and redissolving in water, filter 
out the small amount of Si02, wash, 
ignite, weigh, and correct by HF and 
H2S04.^’ Add the weight so corrected 
to the weight of SiOa previously found 
and deduct from the gross weight of the 
oxides of iron and aluminum. Reduce 
the filtrate by zinc.^^ Titrate with a 
0.05 iV KMn04 solution. 

Total Iron, Alternative Procedure 

9. {a) Dissolve 2 to 5 g. (depending 
upon the amount of iron present) of the 
properly prepared sample in HCl and 
evaporate rapidly to dryness. Treat 
the residue with water and HCl, filter off 
the Si02, and wash several times with 
hot water. Precipitate the iron in a 


J-* This precipitate may also contain TiOa, PzOs, and 
MnaO*. 

15 When the iron is present in snmall quantities it is 
rather unsatisfactory to determine it in the ignited oxides 
from the O.S-g. sample. Under these conditions the 
alternative procedure may be used. 

>3 The pyrosulfates are less troublesome and more 
effective than the bisulfates. 

13 This correction for impurities should not be made 
when the HF correction of the main SiOj determination 
has been omitted. After two evaporations, 1 to 2 mg. of 
SiOj are still to be found with the R2O3 precipitate. 

1* Zinc will also reduce titanium. If this metal is to 
be determined and deducted from AhOs, then HaS must 
be used for reduction (boiling out the H2S in a stream of 
COs before titration). If titanium is not to be deter- 
mined, the slight error introduced by its reduction with 
zinc is so smallas to be negligible except in the most exact 
and detailed analyses. 
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boiling solution with fixed alkali, allow 
to settle, filter, and wash free of chlo- 
rides, using hot water. Dissolve in 
diluted H2SO4. 

(b) Ignite the insoluble matter from 
the evaporated HCl solution in a 
platinum crucible. Treat with H2SO4 
and HF and heat until fumes of H2SO4 
appear. Bring the residue into solution 
with the addition of a few di-ops more of 
H2SO4 and combine the solution with 
that of the bulk of the iron. Reduce 
this solution by zinc and titrate the iron 
with 0.05 N KMnOi. 

Aluminum Oxide 

10. Subtract the calculated weight of 
Fe203, obtained in accordance with 
Section 8, from the weight of AI2O3 + 
Fe203 (Section 7). Report the remain- 
der as AI2O3. In case phosphorus is 
determined, calculate it to P20f, and 
deduct also. 

Calcium Oxide by Gravimetric Method'® 

11. Add a few drops of NH4OH to the 
combined filtrate from the AI2O3 + 
FeaOa precipitate, and bring the solution 
to boiling. To the boiling solution add 
35 ml. of a saturated solution of 
(NH4)2C204, and continue the boiling 
until the precipitated CaC204 assumes a 
granular form. Allow it to stand 20 
min., or until the precipitate has settled 
and the supernatant liquid is clear, 
filter, and wash thoroughly with boiling 
water.®" Place the wet filter and pre- 
cipitate in a platinum crucible, and burn 
off the paper over the small flame of a 
bunsen burner or in a muffle. Ignite 
the residue, dissolve in hot diluted HCl, 
and make up the volume of the solution 
to 100 ml. with water. Add NH4OH 
in slight excess anil boil the liquid. If 

The f!:r<ivinietric method must Le employed when a 
recovery of aluminum is desired, or when a determination 
of strontium is contemplated. ■ , 

20 Care must be exercised in this washing, as JOOO ml. 

of boiling water will dissolve over lo mg. of CaCsO<. 


a small amount of Al2(OH)6 separates, 
filter it out, wash with NH4CI (2 per 
cent), ignite, weigh, and add this weight 
to that found in the first determination. 
Then reprecipitate the lime by 
(NH4)2C204, allow to stand until settled, 
filter, wash thoroughly with boiling 
water,®" and weigh as CaO after ignition 
to constant weight in a covered plati- 
num crucible. 

Calcium Oxide by Volumetric Method®' 

12. Make the filtrate from the iron 
and aluminum oxide precipitate alkaline 
with NH4OH, boil, and add 35 ml. 
of a boiling saturated solution of 
(NH4)2C204. Stir vigorously and allow 
to stand until the precipitate has settled, 
filter on an 11-cm, paper, and wash ten 
times with hot water.®® Transfer the 
paper and precipitate to the beaker in 
which the precipitation was made, 
spreading the paper out against the 
upper portion of tlie beaker. Wash the 
precipitate from the paper with a jet 
of hot water, fold the paper, and leave 
it adhering to the upper portion of the 
beaker. Add to the contents of the 
beaker 50 ml. of diluted H2SO4 (IDO), 
dilute to a volume of 250 ml. with hot 
water, and heat to 80 to 90 C. Titrate 
with the standard KMnOi solution 
(Section 3) until the pink end point is 
obtained. Now drop the folded filter 
paper (which has been adhering to the 
side of the beaker) into the liquid; the 
pink color of the latter will be dis- 
charged. Finish the titration by adding 
KMnOi drop by drop until the pink 
end point is again obtained. A Gooch 
crucible may be used instead of filter 
paper. From the total quantity of 
standard K,Mn04 solution used, calcu- 
late the percentage of CaO, 


« The volumetric method may be used for ordinary 
control work in the plant laboratory. It must be borne 
m mind that m this method all strontium oxide is reported 
as calcium oxide. 

*2 Use not more than 12S ml. for this wash. 
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Strontium Oxide 

13. Transfer the weighed oxides ob- 
tained in the gravimetric determination 
of calcium oxide (Section 11) to a small 
flask of 20-ml. capacity and dissolve in 
HNOs. Evaporate to dryness and heat 
at 150 to 160 C. Treat the thoroughly 
dried nitrates with as little (rarely over 
2 ml.) of a mixture of equal parts of 
absolute alcohol and ether as may be 
needed to dissolve the calcium salt, 
solution being hastened by occasional 
gentle agitation. After standing over 
night in the corked flask, collect the 
insoluble matter on the smallest possible 
filter and wash with more of the above 
mixture of alcohol and ether. After 
drying, pass a few milliliters of hot 
water through the filter, on which may 
remain a few tenths of a milligram of 
residue which usually does not contain 
any lime or other alkaline earth and 
whose weight is therefore to be de- 
ducted from that of the lime unless it 
can be shown that it is derived from the 
glass of the small flask in which the 
nitrates of calcium and strontium were 
evaporated. To the solution of stron- 
tium nitrate in a small beaker add a few 
drops of H 2 SO 4 and then its volume of 
alcohol, whereby the strontium is pre- 
cipitated as sulfate. After 12 hr., 
filter on a small filter paper, and wash 
the residue with 50 per cent alcohol. 
Ignite at a low temperature, moisten 
with diluted H 2 SO 4 , evaporate, again 
ignite, and weigh as SrSOi. Test the 
sulfate spectroscopically as to freedom 
from calcium and barium. Calculate 
the weight of SrO and deduct from the 
weight of CaO as obtained in Section 11. 

Magnesium Oxide 

14. (a) Acidify the combined filtrates 
from the calcium precipitates with HCl, 
concentrate on the water bath to about 
150 ml., and heat to boiling. To the 


boiling solution add 10 ml of a saturated 
solution of Na(NH 4 )HP 04 and con- 
tinue the boiling for several minutes. 
Then cool to room temperature, and add 
NH4OH drop by drop, while stirring 
constantly, until the crystalline am- 
monium-magnesium orthophosphate be- 
gins to form and then in moderate 
excess, the stirring being continued for 
several minutes. Allow the liquid to 
stand in a cool atmosphere for from 12 
to 48 hr.^® and filter. 

(b) Dissolve the precipitate in hot 
diluted HCl, dilute the solution with 
water to about 100 ml,, add 1 ml. of the 
saturated solution of Na(NH 4 )HP 04 
and NH4OH drop by drop, while stirring 
constantly, until the precipitate is again 
formed as above described and the 
NH4OH is present in moderate excess. 
Then allow it to stand in a cool atmos- 
phere for from 12 to 48 hr. Filter on 
paper or in a Gooch crucible, wash with 
diluted NH4OH containing NH 4 N 03 ,®^ 
ignite,® cool, and weigh as MgaPaOT.^® 

Loss on Ignition 

15. Place 1 g. of the prepared sample®® 
in a weighed platinum crucible, cover 
with the lid, and heat gently® for 5 min., 
gradually increasing the temperature to 
the maximum of the muffle, and main- 
tain at this temperature until constant 
weight is obtained (usually about 15 
min.). The difference between the orig- 
inal weight of the sample and the final 
weight represents the loss on ignition. 


“ The less the amount of magiiesiuin present, the 
longer the precipitate must be allowed to settle. 

, 24 Made by diluting NH4OH with distilled water until 
the solution contains 2.5 per cent of NHj by weight, then 
adding three or four drops of IINO3 (sp. gr, 1.42). 

26 When manganese is present ia the sample, it 
will be caught in large part with the magnesium precipi- 
tate. (See U. S. Geological Survey Bulletin 700, p. 134.) 
In case manganese was not eliminated before this precipi- 
tation, the weighed pyrophosphate must be dissolved in 
IINOa, tested for manganese with bismuthate, the manga- 
nese determined and deducted as MnjPaO?. 

26 This determination may be made, if desired, upon 
the O.S-g. sample ignited for solution in HCl as described 
in Section 4. 
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Mechanical Moisture in Limestone 

16. Weigh 1 g. of the prepared sample 
in a fared, wide, low-form, flat-bot- 
tomed weighing bottle. Heat un- 
covered in a ventilated drymg oven at 
120 C. for 2 hr. Quickly stopper, cool 
in a desiccator, and weigh, lifting the 
stopper momentarily just before weigh- 
ing. The use of a similar weighing 
bottle as a counterpoise carried through 
all of the operations is a desirable pro- 
cedure. The loss in weight represents 
“mechanical moisture” or “hygroscopic 
water” at 120 C. 



Fig. 1. — Bottle for Determination 
of Superficial Moisture. 


Mechanical Moisture in Hydrated Lime 

17. (a) Arrangement of Apparatus . — 
Mechanical moisture in hydrated limes 
shall be determined by aspirating over 
the sample in a closed container at 
120 C. a slow stream of dry, C02-free 
air. The container for the sample shall 
be equipped with two interchangeable 
stoppers one to be used during weigh- 


ings and the other to be used during the 
drying. The second stopper shall be 
equipped with two entry tubes for con- 
ducting the air stream over the sample.®^ 
(See Fig. 1.) The container shall be 
connected in a train, having before it a 
soda-lime tower, a lime-water bottle, a 
sulfuric acid bottle, and a phosphoric 
anhydride bulb, in the order named, and 
after it another protective phosphoric 
anhydride bulb. The lime-water bottle 
is useful for giving indication of the ex- 
haustion of the soda lime. The train 
shall be placed in position, with connec- 
tion for the sample bottle, in a drying 
oven at 120 C. 

{h) Procedure . — Place 2.5 to 3 g. of 
the prepared sample into the previously 
weighed bottle, and immediately re- 
stopper it. A glazed paper funnel will 
aid rapid manipulation. Insert the 
bottle in the train by quickly exchanging 
the stoppers, and draw a slow current of 
dry, C02-free air through the apparatus 
for 2 hr. Remove the sample bottle 
from the oven with another quick ex- 
change of stoppers, and set it in a 
desiccator to cool. When cool, remove 
it to the balance case for several minutes 
before weighing it, and just before 
weighing, lift the stopper slightly for an 
instant to relieve any vacuum that may 
exist in the bottle. The loss in weight 
of the sample ' represents “mechanical 
moisture” or “hygroscopic water” at 
120 C. Use a bottle similar to the one 
containing the sample as a counter- 
poise in all weighings. 

Carbon Dioxide by Standard Method^® 

18. (a) Size of Sample . — With lime- 
stone, use 0.5 g. of the sample; with 

A small bottle oi 20 to 30-mI. capacity with glass 
stoppers, as described, ground to lit, is a convenient form 
of apparatus. (See Fig. 1.) 

_ M This method is in accordance with the method given 
m U. S. Geological Survey Bulletin 700, p. 217. An 
illustration showing the arrangement of the component 
garts of the necessary apparatus is shown on p. 218 of that 
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burned lime, hydrated lime, etc., use 
5 g. of the sample. 

(b) Procedure . — Boil the weighed 
amount of prepared sample with diluted 
HC1(1:1) in a small Erlenmeyer flask at- 
tached to an upwardly inclined con- 
denser, whence, after passing through a 
drying system — calcium chloride, an- 
hydrous copper sulfate to retain 
hydrogen sulfide from decomposable 
sulfides and any HCl that may pass over, 
then calcium chloride again — the CO 2 
is caught by absorption tubes filled with 
soda lime followed by calcium chloride. 


the observation bulbs (containing H 2 SO 4 
to show the rate of gas flow) being at- 
tached directly to the drying system. 
Then close the stopcock in the separa- 
tory funnel, half fill the latter with HCl 
(1:1), replace the rubber stopper of the 
funnel, insert the absorption tubes 
between the drying system and the 
observation bulbs, and allow the acid 
to flow into the flask, slowly if there is 
much CO 2 , rapidly if there is but little, 
When effervescence diminishes in the 
former case, at once in the latter, light 
the burner under the flask and start the 



Fig. 2. — ^Apparatus for Determination of Carbon Residue. 


Arrangements should be made for a 
current of air free from CO 2 with which 
to sweep out the apparatus before and 
after the determination, and for a slow 
current during its continuance. The 
results are very accurate and the 
determination can be quickly carried 
out. The manipulations are as follows: 
Pour hot water upon the powder in the 
flask fitted with a separatory funnel and 
delivery tube; attach this to the con- 
denser, and force a current of air free 
from CO 2 through the whole system, 
except the weighed absorption tubes, 
until the original air has been displaced. 


flow of water through the condenser. 
Keep the flame low, so as to secure 
steady but quiet ebullition, and do not 
interrupt the air current although it 
should be reduced to a slow rate. With 
much CO 2 the rate of absorption is very 
readily noted by holding the hand to the 
soda-lime tubes, w’hich become hot or 
warm when absorption is taking place. 
Sufficient time having elapsed,^® ex- 
tinguish the flame and increase the air 
current. When cool, disconnect the 


Boiling for 1 mm. is usually sufficient. 
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soda-lime tubes from the apparatus and 
allow to stand in the balance case until 
two weights taken 30 min. apart agree 
within 0.5 mg. The soda lime for use 
in this determination must be porous, 
not hard and unabsorptive like that 
sometimes used for the combustion of 
nitrogenous organic substances. 

Carbon Bioxide by Alternative Method 

19. (a) Apparatus. — The apparatus 
illustrated in Fig. 2, which is a modifica- 
tion of the usual form, may be used if 
desired. The principle of its operation 
is the same as that of the procedure 
described in Section 18. The apparatus 
consists of the following: 

Tube /I, for decomposition of the 
sample. 

Tube B, to contain acid. A soda- 
lime tower is placed ahead of tube B so 
that air drawn through the apparatus is 
free of CO 2 . 

Micro-drier C, containing water, to 
act as a condenser and to retain most of 
the acid volatilized from tube A. 

Bulb D, containing mossy zinc to 
remove the last traces of HCl. 

Micro-drier E, containing H 2 SO 4 to 
dry gases. If the sample evolves HaS, 
another micro-drier, F, containing cad- 
mium chloride solution is inserted be- 
tween bulb D and micro-drier E. 

Bulb G, containing PaOs to complete 
the drying of the gases. 

Midvale Bulb H, for absorption of 
CO 2 . It is filled as follows: A layer of 
glass wool extending above the end of 
the outlet tube is placed in the bottom, 
and on this a layer of P 2 O 5 , about | in. 
thick. Immediately on this is placed 
another layer of glass wool, and the rest 
of the bulb is filled with ascarite, except 
for a final layer of glass wool on the top. 

(6) Size of Sample. — With limestone, 
use 0.5 g. of the sample; with burned 
lime, hydrated lime, etc., use 3 to 5 g. 
of the sample. 


((c) Procedure. — The manipulations 
are as follows: Sweep out tubes C, B, 
E, F, and G with a current of COa-free 
air. Place in tube B sufficient HCl (sp. 
gr. 1.1) to completely decompose the 
sample, but so regulated in volume that 
the Hquid level in tube A shall not be 
above the point P. Connect a soda- 
lime tower to the top of tube B. Intro- 
duce rapidly into tube A the weighed 
amount® of the prepared sample, and 
immediately cover it with COa-free water 
and attach to the apparatus. Then at- 
tach the weighed Midvale bulb H. 
Allow the acid from tube B to flow into 
tube A, the rate being governed by the 
rate of evolution of gas. Then gently 
heat tube A and boil to expel all COa^® 
while drawing a slow current of air free 
from CO 2 through the apparatus. Con- 
tinue the air current for 3 min. after 
removing the flame. Disconnect the 
Midvale bulb E and weigh it after it 
has come to equilibrium in the balance 
case. Use a second Midvale bulb as 
counterpoise in all weighings. 

Sulfur Trioxide 

20. Place 2 g. of the prepared sample 
in a small, dry beaker and stir it up with 
10 ml. of cold water until all lumps are 
broken and the lighter particles are 
in suspension. Add 15 ml. of diluted 
HCl (1:1) and heat until solution is 
complete. Filter through a small paper 
and wash the residue thoroughly with 
hot water. Dilute the filtrate to 250 
ml, heat to boiling, and add 10 ml of a 
boiling solution of EaCb (10 per cent) 
drop by drop, while stirring constantly. 
Stir well and allow to stand over night. 
Filter, wash with boiling water, ignite, 
and w^eigh as BaS 04 . 

Total Sulfur 

21. Weigh 1 g. of the prepared sample. 
Add approximately 0.5 g. of NaaCOg, 
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Mix thoroughly in a porcelain crucible^’’ 
and heat gently until sintered. Then 
ignite for 15 min. at a temperature of 
approximately 1000 C., taking care to 
allow access of air to the contents of the 
crucible. Cool and place the crucible 
in a 250-ml. beaker and cover with hot 
water. Add 10 ml. of bromine water, 
then 30 ml. HCl (1:1) and boil until 
solution is complete and all bromine 
has been expelled. Remove the cru- 
cible, washing it with water. Add a 
few drops of methyl red and render the 
solution alkaline with NH4OH (1:1). 
Boil the solution for 1 or 2 min., fdter, 
and wash with hot water. To the fil- 
trate add 5 ml. of HCl (l.T), adjust 
the volume to about 200 ml., bring the 
solution to boiling, and while boiling 
add 10 ml. of hot BaCij. (10 per cent). 
Allow to stand overnight. Filter, wash 
with hot water, ignite, and weigh as 
BaS04. 

Phosphorus 

22. Dissolve 10 g, of the prepared sam- 
ple in 80 ml diluted HNO3 (1 :1), filter, 
and wash the residue with hot water. Ig- 
nite, fuse the residue with a little NaaCOa, 
cool the melt, and add its nitric acid so- 
lution to the main filtrate.^^ In case the 
rock is rather argillaceous, mix the pow- 
der with half its weight of NaaCOs and 
blast strongly. Dissolve the cooled 
melt in HNO3 and evaporate to dryness. 
Take up the dry residue with diluted 
HNO3 (1 :2), filter, and wash the residue 
with hot water. Ignite the residue in 


It is usually desirable to make a fusion in a platinum 
crucible. However, it bas been found that with limestones 
very high in impurities, when the fusion is made in a 
muffle, the damage to platinum ware is considerable. It 
has been proved that the use of porcelain crucibles intro- 
duces no appreciable error. 

In limestones very low in phosphorus it may be 
deemed desirable to concentrate the phosphorus from a 
considerable weight of sample. In this case, proceed as 
directed by F. Hinden {'/.eilschr. Anal. Cltemie, Vol. 54 
p. 214 (191S)), as follows: To the nitric acid solution of the 
large sample add a few drops of FesCls solution and then 
NH4OH until the liquid becomes slightly turbid. Then 
add O.S g. of pure precipitated CaCOs and boil for 5 min. 
Filter, dissolve the precipitate in diluted HNO3, and 
proceed as above. 


platinum, and evaporate with HF and 
HNO3. Finally, evaporate twice with 
HNO3 alone to expel all fluorine, dissolve 
the residue in HNO3 and add the solu- 
tion to the main filtrate.®^ Oxidize the 
nitric acid solution by boiling with 10 
ml of KMn04 (1.5 per cent) until MnOa 
is precipitated. Dissolve the oxide by 
addition of H2SO3 or a sulfite free from 
phosphorus and boil to expel the oxides 
of nitrogen and sulfur. Neutralize the 
HNO3 with NH4OH and then add 1 ml. 
of HNO3 (sp. gr. 1.42) for every 100 ml. 
of solution. Bring the solution to a 
temperature of 40 C., add ammonium 
molybdate solution*^ and shake for 10 
min. Allow to stand at a temperature 
of not over 40 C. for 1 to 12 hr. Filter 
and wash ten times with IvNOs (1 per 
cent). Return the precipitate to the 
precipitating vessel, add a measured 
excess of 0.1 N NaOH and 25 ml of 
water free from CO2 and shake or stir 
until the precipitate is dissolved. Di- 
lute to 100 to 200 ml. with water free 
from CO2, add 3 drops of phenolphtha- 
lein (0.2 per cent), and discharge the 
pink color with standard acid. Finish 
the titration by adding standard alkali 
until the reappearance of the pink color. 
The alkali solution should be free from 
carbonate and be standardized against 
the National Bureau of Standards’ stand- 
ard sample 39e of benzoic acid.®® The 
ratio of phosphorus to NaOH should 
be considered as 1:23 in calculating 
results.®^ 

Manganese 

23. Dissolve 10 g. of the sample in 100 
ml. of diluted HNO3 (1:1), filter, and 

“ See Blair, “The Chemical Analysis of Iron,” 8th 
Edition, p. 92. 

33 5^^ Journal, Am. Chem. Soc., Vol. 34, p. 1027 (1912), 
and Vol. 35, p. 1309 (1913). 

3< Titanium and vanadium, which interfere in this 
determination, should not be enconritered in appreciable 
amounts in this class of material. 

Instead of the specified alkalimetric titration method, 
the phosphorus in the phosphomolybdate may be deter- 
mined as magnesium pyrophosphate {U. S. Geological 
Survey Bulletin 700, pp. 178-179), or by the reductor 
method (A. A. Blair, “Chemical Analysis of Iron,” 8th 
Edition, pp. 91-92). 
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wash the residue with hot water. Ig- 
nite the residue in platinum, fuse with a 
little Na 2 C 03 , and add the nitric acid 
solution of the melt to the main filtrate. 
Dilute the solution to 150 ml. and add 
0.5 g. of sodium bismuthate.^® Heat for 
a few minutes, or until the pink color has 
disappeared and Mn 02 has precipitated. 
If M 11 O 2 does not precipitate add more 
bismuthate. Clear the solution by add- 
ing a few drops of a saturated solution of 
sodium bisulfite or other suitable re- 
ducing agent free from chlorides, and 
boil to expel all oxides of nitrogen and 
sulfur. Cool to 15 C., add an excess 
of sodium bismuthate, agitate, and let 
stand for a few minutes. Add 50 ml. of 
HNO 3 (3 per cent) and filter through 
asbestos. Wash with HNO 3 (3 per cent) 
until the washings run through colorless. 
Add a measured excess of a standard 
FeS 04 solution and titrate back with a 
standard KMn 04 solution, the strength 
of which has been determined by means 
of the National Bureau of Standards’ 
standard sample 40c of sodium oxalate.®® 

Ferrous Iron in the Absence of Carbo- 
naceous Matter®^ 

24. Introduce the powder, one to sev- 
eral grams, into a stout flask of about 
200 to 250-ml. capacity and boil with a 
little water until all air is expelled. 
While still boiling, add diluted H 2 SO 4 
a little at a time until effervescence 
ceases, then a further amount. Cal- 


The persulfate method may be employed, if desired, 
so The separation of manganese with the R2O3 precipi- 
tate by the use of bromine is not recommended on account 
of the incompleteness of the precipitation. Separation 
of manganese by means of ammonium sulfide after the 
ammonia precipitation is also undesirable on account of 
the introduction of the reagent and the slimy character 
of the precipitate. 

See also footnote 25 concerning the contamination of 
magnesium pyrophosphate by manganese pyrophosphate 
and the need of corrective measures when manganese is 
present in the material under analysis. 

In limestones, the presence of carbonaceous matter 
renders the exact or even approximate determination of 
ferrous iron often impossible. Nevertheless, even in its 
presence acceptable results are sometimes obtainable if 
the amount of such matter is small and if it does not give 
■with add a colored solution. Occasionally limestones 
show films of manganese peroxide which likewise inter- 
fere with the determination. 


dum sulfate precipitates, but the iron 
will remain in solution. Remove the 
flame and tightly insert a stopper 
through which passes a small stopcock 
funnel. When the flask is cool or nearly 
so, pour cold water into the funnel and 
cautiously open the cock so the water 
may be drawn into the flask, pouring 
more water into the funnel as fast as it 
empties until the solution amounts to 100 
to 150 ml. Such precaution to exclude 
air is hardly necessary in most cases, 
however, since in the presence of H2SO4, 
the oxidation of ferrous iron is exceed- 
ingly slow. It is ordinarily quite sufid- 
cient to equalize the internal and ex- 
ternal pressures by opening the cock, 
removing the stopper, and pouring in 
cold water. Bring the flask under a 
burette containing 0.05 N K.Mn04 solu- 
tion and titrate the iron without delay. 
With a carbonate which is wholly de- 
composable without the aid of heat, 
solution may be accomplished in a flask 
filled with CO 2 , using cold acid, whereby 
the danger of attack of silicates is les- 
sened if these are present. If the prefer- 
ence is for the K 2 Cr 207 method of titra- 
tion, HCl may be used instead of H 2 VSO 4 , 
in absence of Mn02. In this case there 
is, of course, no separation of an insol- 
uble calcium salt, a fact which renders 
easier the subsequent determination of 
the iron in any insoluble residue the 
limestone may yield. The ferrous iron 
thus found is mostly, if not altogether, 
that existing as carbonate.®® 

Ferrous Iron In Presence of Carbonace- 
ous Matter®'^ 

25. Decompose the powder in a flask 
with diluted H 2 SO 4 in an atmosphere of 
CO 2 . With limestones and active agi- 
tation no heat need be used, but with 
dolomites it will be necessary. Quickly 
filter the solution through asbestos (in 

28 If a determination of ferrous iron in the insoluble 
residue is desired, see U. S. Geological Survey Bulletin 700, 
P. 265. 
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an atmosphere of CO 2 if much iron is 
present), wash the residue and filter a 
few times with water, and titrate the 
filtrate at once with 0.05 N KMNO4. If 
it is colored by organic matter, the result 
may be in error. As above, HCl and 
titration by K 2 Cr 207 may be used in 
absence of MnOn. In either case it is 
important to allow the acid to act no 
longer than is necessary and to filter 
quickly. A determination of the fer- 
rous iron in the insoluble matter is 
usually not worth attempting, because of 
the admixed organic matter. 

Available Lime Index 

26. (a) Available Lime Lidex , — “The 
available lime index” of high calcium 
quicklime and hydrated lime designates 
those constituents which enter into the 
reaction under the conditions of this 
specified method. The interpretation of 
results obtained by the following method 
shall be restricted by this definition. 

(6) Standard Hydrochloric Acid Sohi- 
tion . — Prepare a solution containing 13.7 
ml. of HCl (sp. gr. 1.18) per liter. This 
solution will be slightly stronger than 
necessary. Standardize the HCl solu- 
tion^® against 0.85 g. of pure, dry NaaCOs 
using methyl orange as the indicator. 
Adjust the solution either by the addi- 
tion of water if too strong, or by the 
addition of HCl if too weak, so that 
0.85 g. of NaaCOa exactly neutralizes 
90 ml. of the standard HCl solution. 
One milliliter of the standard HCl solu- 
tion is equivalent to 1 per cent CaO. 

(c) Rapid Sugar Method— 0.5 
g. of the prepared sample (passing a No. 
100 (149-micron) sieve) and brush care- 
fully into a 300-ml. Erlenmeyer flask 
containing about 20 ml. of distilled 
water (Note 1), and immediately stopper 


8“ This solution may also be standardized against 
National Bureau of Standards’ standard sample 39 of 
benzoic acid or standard sample 84 of potassium, acid 
phthalate through an NaOH solution. 


the flask loosely with a rubber stopper. 
Disperse the sample thoroughly in the 
water by a swirling motion, heat to 
boiling, and boil for 2 min. Remove the 
stopper, add 150 ml. of distilled water 
at room temperature, and then add 15 g. 
of granulated sugar (sucrose) (Note 2). 
Stopper the flask, shake vigorously at 
intervals for a 5-min. period, and allow 
to stand for 30 min., but not longer than 
1 hr. Add 2 drops of phenolphthalein 
indicator, wash down the stopper and 
sides of the flask with distilled water, 
and titrate (in the original flask) with 
the standard HCl solution (Note 3). 

Note 1. — It is particularly important to 
have a little water in the flask before adding 
the sample. Tliis is especially true in the 
case of quicklime, since by adding water on top 
of a dry charge in a flask there is frequently 
a tendency for the material to cake and form 
lumps difficult to completely dissolve in the 
sugar solution later. On the other hand, if the 
lime is added to a little water, conditions are 
favorable to a thorough dispersion of fine par- 
ticles to produce a more rapid solution. In 
the case of quicklime, probably some slaking 
action occurs to facilitate the dispersion and 
solution. 

Note 2. — ^The IS g. of sugar and the 150 ml. 
of water used are only approximate amounts. 
It is not necessary to weigh the sugar each time. 
A small measure can be employed, such as a 
spoon which when level full holds slightly more 
than 15 g. This saves time in running a large 
number of samples, and just as accurate results 
are obtained as when the sugar is carefully 
weighed. A little excess weight of sugar always 
insures at least a 10 per cent sugar solution. 

Note 3.— In titrating, first add without shak- 
ing about 90 per cent of the acid requirement 
from a 100-ml. burette. Then shake the flask 
and finish the titration more carefully, but as 
rapidly as possible (shaking the flask vigorously), 
to the first complete disappearance of pink color. 
Note the reading in per cent and ignore return 
of color. Unless the operator is familiar with 
previous analyses of the lime under test, and in 
cases where the available lime content varies to 
extremes, it is good practice to run a preliminary 
test by slow titration to determine the proper 
amount to add without first shaking the flask. 
Inasmuch as the method is very simple, this 
entails no great hardship. 
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Chemical Analysis ot Lime (C 25 - 44) 
APPENDIX 


Analysis oe Limestone or Lime Products 
(Name of Company) 


Date Lab. No 

Name. Date Rec’d. 


Material 

Sample Marked. 


Name 


Formula 


Silicon dioxide 

Iron oxide. 

Aluminum oxide 

Calcium oxide 

Magnesium oxide 

Total sulfur 

Sulfur trioxide 

Phosphorus pentoxide. . 
Carbon dioxide 


. ...Si02 
'PM 
..AboJ 

...CaO 
. ..MgO 


Water-^ 


fat 120 C. . 


[total 

Insoluble matter 

Loss on ignition 

Available lime index. . 


• SO3 

. . CO 2 

..H 2 O 

..H 2 O 


Calcium carbonate CaCOs 

Calcium hydroxide Ca(OH )2 

Magnesium carbonate MgCO,'! 

Magnesium hydroxide Mg(OH )2 

Calcium sulfate CaSO.) 


Sieve Analysis, 


Sieve No 






Opening in microns 






Percentage passing 


J 





Total neutralizing value | ' 

“terms of CaCOa [Determined.. 

Plasticity . 

Soundness.. 


Note.— Unless otherwise noted all determinations have been made according to methods pre- 
scribed by the American Society for Testing Materials. 


Signed... 


Standard D ejinitmis oj 
TERMS RELATING TO LIME^ 



A.S.T.M. Designation: C 51 - 44 
Adopted, 1928; Revised, 1939, 1944.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 51; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Lime. — A general term which includes the 
various chemical and physical forms of 
quicklime, hydrated lime, and hydraulic 
lime used for any purpose. 

Quicklime. — A calcined material, the major 
part of which is calcium oxide or calcium 
oxide in natural association with a lesser 
amount of magnesium oxide, capable of 
slaking with water. 

Lump Lime.— Quicklime as it comes from 
the kilns. 

Lump Lime Screened. — ^Lump lime after 
forking or screening to remove the finer 
portion. 

Note. — T he portion removed is usually 
that which will pass a f-in. sieve. 

Pulverized Lime. — Quicklime which will 
pass a fine sieve of specified size. 

Note. — The size of the sieve is usually |-in. 
Hydrated Lime. — A dry powder obtained by 
treating quicklime with w^ater enough to 
satisfy its chemical affinity for water 
under the conditions of its hydration. 

Note.— I t consists essentially of calcium 
hydroxide or a mixture of calcium hydroxide 
and magnesium oxide and magnesium hy- 
droxide. 

1 Under the standardization procedure of the Society, 
these definitions areynder the juridiction of the A.S.T.M. 
Committee C-7 on Lime. 

2 Prior to adoption as standard, these definitions were 
published as tentative from 1922 to 1928, being revised in 
1924 and 1928. 


Liming Material. — A general term which 
includes all of the various chemical and 
physical forms of lime, limestone, mollusk 
shells, and marl whose calcium and mag- 
nesium content is capable of neutralizing 
soil acidity, 

Air-Slaked Lime. — The product containing 
various proportions of the oxides, hy- 
droxides, and carbonates of calcium, and 
magnesium which results from the ex- 
cessive exposure of quicklime to the air. 

Calcia. — ^The chemical compound CaO, 
calcium oxide. 

Magnesia. — ^The chemical compound MgO, 
magnesium oxide. 

Building or Construction Lime . — k lime 
whose chemical and physical character- 
istics and method of processing make it 
suitable for the ordinary or special con- 
struction uses of the product. 

Chemical Lime. — A lime whose chemical 
and physical characteristics and method 
of processing make it suitable for one or 
more of the many and varied chemical 
and industrial uses of the product. 

Agricultural Lime . — k lime whose calcium 
and magnesium content is capable of 
neutralizing soil acidity. 

Available Lime. — Those constituents of a 
lime which enter into a desired reaction 
under tlie conditions of a specific method 
or process. 
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A “tentative revision” of this standard appears in the Tenta- 
tive Revisions of Standards section at the hack of this book. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A-19.1-1941 


Standard Specifications for 
GYPSUM^ 



A.S.T.M. Designation: C 22 - 41 
Adopted, 1925; Revised, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 22; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) These specifications cover gyp- 
sum, calcium sulfate combined with two 
molecules of water in crystalline form 
and having the approximate chemical 
formula CaS04 • 2 H 2 O. 

{h) No material may be considered 
gypsum within the meaning of these 
specifications that contains less than 
64.5 per cent by weight of CaS 04 *21120. 

Size 

2. Gypsum may be crushed and 
ground to the size specified by the 
purchaser. 

Chemical . Composition 

3. The chemical composition, within 
the limits prescribed by Section 1, shall 
be a matter of contract. 

Sampling 

4. (a) Bulk . — When gypsum is 
shipped in bulk, samples of about 5 lb. 
each shall be taken at regular intervals 


* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-11 on Gypsum. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1919 to 192S, being re- 
vised in 1920, 1921, 1923, 1924, and 1925, 


during the complete loading or unloading 
of the carrier, in such a way as to accu- 
mulate at least 200 lb. of material and 
to represent correctly the percentages of 
both the coarse particles and the fines 
in the shipment. This shall be broken 
to pass a 1-in. round-hole screen, thor- 
oughly mixed, and reduced by quarter- 
ing to provide not less than a 1-lb. 
sample for the laboratory. 

(6) When gypsum is 

shipped in packages, at least 3 per cent 
of the packages shall be sampled. Sam- 
ples shall be taken from both the surface 
and the center of the packages. These 
samples shall then be broken, mixed, 
and quartered as directed above. 

Laboratory Samples 

5. Each laboratory sample shall be 
placed immediately in an airtight con- 
tainer and shipped to the laboratory 
for test. 

Methods of Testing 

6. The chemical analysis and physical 
properties of gypsum shall be determined 
in accordance with the Standard Meth- 
ods of Testing Gypsum and Gypsum 
Products (A.S.T.M. Designation: C 26) 



Specifications for Gypsum (C 22 - 41) 


123 


of the American Society for Testing 
Materials.® 

Packing and Marking 

7. {a) Gypsum may be shipped either 
in packages or in bulk. 

(b) When shipped in packages for 
resale, the following information (Note) 
shall be legibly marked on each package 
or on a tag of suitable size attached 
thereto: 

Name of manufacturer, 

Description of material, and 
Net and gross weights of package. 

(c) When shipped in bulk, a card con- 
taining the required information shall 
be conspicuously placed in the carrier. 

Note. — S tate laws may require additional 
information. 

Inspection 

8. Inspection may be made either at 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations .at front of book. 


the point of shipment or at the point of 
delivery. The inspector representing 
the purchaser shall have free access to 
the carriers being loaded for shipment to 
the purchaser. He shall be afforded all 
reasonable facilities for inspection and 
sampling, which shall be so conducted 
as not to interfere unnecessarily with 
the loading of the carriers. 

Rejection 

9. Any rejection shall be based upon 
the specific cause of failure to conform 
to the requirements of these specifica- 
tions, and shall be reported to the seller 
within 10 working days from the receipt 
of the shipment by the purchaser. 

Rehearing 

10. Claims for rehearing shall be valid 
only if made within 20 working days 
from receipt of notice of specific cause 
for rejection. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A49.3-1940 


Standard Specifications for 
GYPSUM PLASTERS^ 



A.S.T.M. Designation: C 28 - 40 
Adopted, 1921; Revised, 1927, 1930, 1939, 1940.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 28; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year, of last revision. 


Scope 

1. These specifications cover four 
gypsum plasters: namely, 

Gypsum ready-sanded plaster, 

Gypsum neat plaster, 

Gypsum wood-fibered plaster, and 

Calcined gypsum for finishing coat. 

Calcined Gypsum 

2. The term calcined gypsum in these 
specifications refers to CaS 04 --|H 20 , 
calculated from the SO3 content. 

Chemical and Physical Properties 
Gypsum Ready-Sanded Plaster 
Description 

3. Gypsum ready-sanded plaster is a 
plastering material in which the pre- 
dominating cementitious material is cal- 
cined gypsum, and which is mixed at the 
mill with all the constituent parts, in- 
cluding sand, in their proper proportion. 
Only the addition of water is required 
to make it ready for use. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-U on Gypsum. 

i Prior to adoption as standard, these specifications 
were published as tentative from 1920 to 1921, being re- 
vised in 1921. 


Composition 

4. The following shall govern the 
composition of gypsum ready-sanded 
plaster for the desired coats: 

(а) Scratch or First Coat Plaster . — 
Gypsum ready-sanded plaster used for 
scratch or first coat shall contain not 
more than two-thirds by weight of sand. 
The other one-third shall contain not 
less than 60.5 per cent by weight of 
calcined gypsum. The remainder may 
consist of materials to control the work- 
ing quality, the setting time, and the 
fibering. 

(б) Brown or Second Coat Plaster . — ■ 
Gypsum ready-sanded plaster used for 
browning or second coat shall contain 
not more than three-fourths by weight 
of sand. The other one-fourth shall 
contain not less than 60.5 per cent by 
weight of calcined gypsum. The re- 
mainder may consist of materials to 
control the working quality, the setting 
time, and the fibering. 

Time of Setting 

5, Gypsum ready-sanded plaster shall 
conform to the following requirements 
as to time of setting: 
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{a) Scratch or First Coat Plaster , — 
Not less than 1| nor more than 7 hr. 

(5) Brown or Second Coat Plaster.-— 
Not less than 2 nor more than 6 hn 

Tensile Strength 

6. Gypsum ready-sanded plaster shall 
conform to the following requirements 
as to tensile strength; 

(a) Scratch or First Coat Plaster . — 
Not less than 125 psi. 

(5) Brown or Second Coat Plaster . — 
Not less than 75 psi. 

Gypsum Neat Plaster 
Description 

7. Gypsum neat plaster is a plastering 
material in which not less than 60.5 per 
cent of the cementitious material is 
calcined gypsum, and which is mixed 
at the mill with other materials. 

Composition 

8. Gypsum neat plaster shall contain 
not less than 60.5 per cent by weight of 
calcined g 5 q)sum. The remainder may 
consist of materials to control the work- 
ing quality, the setting time, and the 
fibering. 

Time of Setting 

9. Gypsum neat plaster when mixed 
with three parts by weight of standard 
sand shall set in not less than 2 nor 
more than 32 hr. 

Tensile Strength 

10. Gypsum neat plaster as tested with 
two parts of standard sand shall have a 
tensile strength of not less than 125 psi. 

Gypsum W ood-Fibered Plaster 
Description 

11. Gypsum wood-fibered plaster is a 
gypsum plaster in which wood fiber is 
used as an aggregate. 


Composition 

12. Gypsum wood-fibered plaster shall 
contain not less than 60.5 per cent by 
weight of calcined gypsum and not less 
than 1 per cent by weight of wood fiber 
made from a nonstaining wood. The 
remainder may consist of materials to 
control the working quality and setting 
time. 

Time of Setting 

13. G 3 q)sum wood-fibered plaster shall 
set in not less than 1| nor more than 
8 hr. 

Tensile Strength 

14. Gypsum wood-fibered plaster shall 
have a tensile strength of not less than 
125 psi- 

Calcined Gypsum Jor Finishing Coat 
Description 

15. Calcined gypsum for finishing 
coat may or may not contain retarder, 
and may be classified in two grades: 
namely, “white” and “gray.” 

Fineness 

16. Calcined gypsum for finishing 

coat shall all pass a No. 14 (1410-micron) 
sieve, and not less than 60 per cent shall 
pass a No. 100 (149-micron) sieve.® 

Time of Setting 

17. Calcined gypsum for finishing 

coat, when not retarded, shall set in not 

less than 20 nor more than 40 min., and 
when retarded, shall set in not less than 
40 min. 

Tensile Strength 

18. Calcined gypsum for finishing 

coat shall have a tensile strength of not 
less than 200 psi. 

s Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves for Testing Pur- 
poses {.A..S.T.M. Designation: E 11) which appears in 
this publication, see Contents in Numeric Sequence of 
A.S.T.M. Designations at front of Ijook. 
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Sampling 

SampEng 

19. At least 3 per cent of the packages 
shall be sampled, and shall be so selected 
as to be representative of the shipment. 
Samples shall be taken from both the 
surface and the center of each package 
so selected. The material so obtained 
shall be thoroughly mi.xed and reduced 
by quartering to provide not less than a 
IS-lb. sample for the laboratory. 

Laboratory Samples 

20. Each laboratory sample shall be 
placed immediately in an airtight con- 
tainer and shipped to the laboratory 
for test. 

Methods oe Testing 
Methods of Testing 

21. The chemical analysis and physi- 
cal properties of gypsum plasters shall 
be determined in accordance with the 
Standard Methods of Testing Gypsum 
and G)q)sum Products (A.S.T.M. Desig- 
nation: C 26) of the American Society 
for Testing Materials.^ 

Note. — D istilled water shall be used for 
conducting all tests. 

Packing and Marking 
Packing and Marking 

22. (a) Gypsum plasters shall be dry 


^ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


and free from lumps, and shall be shipped 
in packages. 

lb) When shipped for resale, the 
following information shall be legibly 
marked on each package or on a tag of 
suitable size attached thereto: 

Name of manufacturer, 

Brand, 

Description, and 

Net and gross weights of package. 

Inspection and Rejection 
Inspection 

23. Inspection may be made either 
at the point of shipment or at the point 
of delivery. The inspector representing 
the purchaser shall have free access to 
the carrier being loaded for shipment 
to the purchaser. He shall be afforded 
all reasonable facilities for in.spection 
and sampling, which shall be so con- 
ducted as not to interfere unnecessarily 
with the loading of the carriers. 

Rejection 

24. Any rejection shall be based upon 
the specific cause of failure to conform 
to the requirements of these specifi- 
cations, and shall be reported to the 
seller within 10 working days from the 
receipt of the shipment by the purchaser. 

Rehearing 

25. Claim for rehearing shall be valid 
only if made within 20 working days 
from receipt of notice of specific cause 
for rejection. 



APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A49.4-1940 


Standard Specifications for 
GYPSUM MOLDING PLASTERS 



A.S.T.M. Designation: C 59 - 40 
Adopted, 1929; Revised, 1930, 1940.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 59; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover gypsum 
molding plaster, a material consisting 
essentially of calcined gypsum for use 
in making interior embellishments, cor- 
nices, etc. 

Composition 

2. Gypsum molding plaster shall con- 
tain not less than 80 per cent of calcined 
g 3 rpsum (CaS 04 * 11120 ). 

Time of Setting 

3. Gypsum molding plaster shall set 
in not less than 20 nor more than 40 min. 

Tensile Strength 

4. Gypsum molding plaster shall have 
a tensile strength of not less than 200 psi. 

Fineness 

5. Gypsum molding plaster shall all 
pass a No. 30 (590-micron) sieve and 
not less than 90 per cent shall pass a 
No. 100 (149-micron) sieve.® 

Sampling 

6. At least 3 per cent of the packages 
shall be sampled and shall be so selected 
as to be representative of the shipment. 


Samples shall be taken from both the 
surface and the center of each packag 
so selected. The material so obtained 
shall be thoroughly mixed and reduced 
by quartering to provide not less than a 
15-lb. sample for the laboratory. 

Laboratory Samples 

7. Each laboratory sample shall be 
placed immediately in an airtight con- 
tainer and shipped to the laboratory 
for test. 

Methods of Testing 

8. The chemical analysis and physical 
properties of gypsum molding plaster 
shall be determined in accordance with 
the Standard Methods of Testing Gyp- 
sum and Gypsum Products (A.S.T.M. 
Designation: C 26) of the American 
Society for Testing Materials.^ 

Note. — D istilled water shall be used for 
conducting all tests. 


> Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-11 on Gypsum. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1926 to 1929, being re- 
vised in 1929. 

a Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book, 

4 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book, 
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Specifications foe Gypsum Molding Plaster (C 59 - 40) 


Packing and Marking 

9. (a) Gypsum molding plaster shall 
be dry and free from lumps and shall be 
shipped in packages. 

(b) When shipped for resale, the fol- 
lowing information shall be legibly 
marked on each package or on a tag of 
suitable size attached thereto: 

Name of manufacturer, 

Brand, 

Description, and 

Net and gross weights of package. 
Inspection 

10. Inspection may be made either at 
the point of shipment or at the point of 
delivery. The inspector representing 
the purchaser shall have free access to 
the carrier being loaded for shipment to 


the purchaser. He shall be afforded 
all reasonable facilities for inspection 
and sampling, which shall be so con- 
ducted as not to interfere unnecessarily 
with the loading of the carriers. 

Rejection 

11. Any rejection shall be based upon 
the specific cause of failure to conform to 
the requirements of these specifications, 
and shall be reported to the seller within 
10 working days from the receipt of the 
shipment by the purchaser. 

Rehearing 

12. Claim for rehearing shall be valid 
only if made within 20 working days from 
receipt of notice of specific cause for 
rejection. 



APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A49.5-1940 


Sta?idard Specifications for 
GYPSUM POTTERY PLASTERS 



A.S.T.M. Designation: C 60 - 40 
Adopted, 1929; Revised, 1930, 1940.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 60; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover gypsum 
pottery plaster, a material consisting 
essentially of calcined gypsum for use in 
making pottery molds. 

Composition 

2. Gypsum pottery plaster shall con- 
tain not less than 90 per cent of calcined 
gypsum (CaSOi-IHsO). 

Time of Setting 

3. Gypsum pottery plaster shall set 
in not less than 20 nor more than 40 min. 

Tensile Strength 

4. Gypsum pottery plaster shall have 
a tensile strength of not less than 
250 psi. 

Fineness 

5. Gypsum pottery plaster shall all 
pass a No. 30 (590-micron) sieve and 
not less than 94 per cent shall pass a 
No. 100 (149-micron) sieve.® 

Sampling 

6. At least 3 per cent of the packages 
shall be sampled and shall be so selected 


as to be representative of the shipment. 
Samples shall be taken from both the 
surface and the center of each package 
so selected. The material so obtained 
shall be thoroughly mixed and reduced 
by quartering to provide not less tlian 
a 15-lb. sample for the laboratory. 
Laboratory Samples 

7. Each laboratory sample shall be 
placed immediately in an airtight con- 
tainer and shipped to the laboratory for 
test. 

Methods of Testing 

8. The chemical analysis and physical 
properties of gypsum pottery plaster 
shall be determined in accordance with 
the Standard Methods of Testing Gyp- 
sum and Gypsum Products (A.S.T.M. 
Designation: C 26) of the American 
Society for Testing Materials,^ except 


‘ Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-11 on Gypsum. 

s Prior to adoption as standard, these specifications 
were published as tentative from 1926 to 1929, being re- 
vised in 1929. 

* Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves for Testing Pur- 
poses (A.S.T.M. Designation; Elll, which appears in 
this publication, see Contents in Numeric Sequence of 
A.S.T.M. Designations at front of book. 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Specifications for Gypsum Pottery Plaster (C 60 - 40) 


that in the measurement of the time of 
setting and tensile strength the plaster 
and water shall be mixed in the propor- 
tion of 100 g. of plaster to 60 ml. of water. 

Note.— D istilled water shall be used for 
conducting all tests. 

Packing and Marking 

9. (a) Gypsum pottery plaster shall 
be dry and free from lumps and shall be 
shipped in packages. 

(b) When shipped for resale, the fol- 
lowing information shall be legibly 
marked on each package or on a tag of 
suitable size attached thereto: 

Name of manufacturer, 

Brand, 

Description, and 

Net and gross weights of package. 
Inspection 

10. Inspection may be made either at 
the point of shipment or at the point of 


delivery. The inspector representing 
the purchaser shall have free access to 
the carrier being loaded for shipment to 
the purchaser. He shall be afforded all 
reasonable facilities for inspection and 
sampling, which shall be so conducted as 
not to interfere unnecessarily with the 
loading of the carriers. 

Rejection 

11. Any rejection shall be based upon 
the specific cause of failure to conform 
to the requirements of these specifica- 
tions, and shall be reported to the seller 
within 10 working days from the receipt 
of the shipment by the purchaser. 

Rehearing 

12. Claim for rehearing shall be valid 
only if made within 20 working days 
from receipt of notice of specific cause 
for rejection. 



APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A66.1-1941 


Standard Specifications fior 
KEENE’S CEMENT^ 



A.S.T.M. Designation: C 61 - 40 
Adopted, 1930; Revised, 1940.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 61; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover Keene’s 
cement, anhydrous calcined gypsum the 
set of which is accelerated by the addi- 
tion of otlier materials. 

Note. — Various grades of Keene’s cement 
of different fineness and setting time are 
available. These specifications are directly 
applicable to the grades manufactured for use 
in the base and finish coats of plastering. 
Grades intended for use in Scagliola, castings, 
and other special purposes should conform to 
the requirements of these specifications in all 
respects except those for fineness and time of 
set, which will vary according to the particular 
use for which the grade is designed. 

Time of Setting 

2. Keene’s cement shall set in not less 
than 1 nor more than 4 hr. 

Tensile Strength 

3. The cement shall have a tensile 
strength of not less than 400 psi. 
Fineness 

4. The cement shall all pass a No. 14 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-11 on Gypsum. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1926 to 1930, being revised 
in 1928, 1929, and 1930. 


(1410-micron) sieve, not less than 98 per 
cent shall pass a No. 40 (420-micron) 
sieve, and not less than 80 per cent shall 
pass a No. 100 (149-micron) sieve.® 

Combined Water 

5. The cement shall not show a com- 
bined water content of more than 2 per 
cent. 

Sampling 

6. At least 3 per cent of the packages 
shall be san^led and shall be so selected 
as to be representative of the shipment. 
Samples shall be taken from both the 
surface and the center of each package 
so selected. The material so obtained 
shall be thoroughly mixed and reduced 
by quartering to provide not less than a 
ISdb. sample for the laboratory. 

Laboratory Samples 

7. Each laboratory sample shall be 
placed immediately in an airtight con- 
tainer and shipped to the laboratory for 
test. 

5 Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of hook. 
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Specifications for Keene’s Cement (C 61 - 40) 


Methods of Testing 

8. The chemical analysis and physical 
properties of Keene’s cement shall be 
determined in accordance with the 
Standard Methods of Testing G>T)siim 
and Gypsum Products (A.S.T.M. Desig- 
nation; C 26) of the American Society 
for Testing Materials, ^ except that in 
the determination of the time of setting 
and tensile strength, the consistenc}^ used 
shall be such that a 150-g. modified 
Vicat needle, described in Section 15 of 
the Standard Methods C 26, shall give a 
penetration of 30 ± 2 mm., 20 sec. after 
release, the measurement being made 5 
min. after the addition of the Keene’s 
cement to the gaging water. 

Note. — A 20-min. mixing and soaking period 
for the Keene’s cement and water with occa- 
sional stirring to remove entrained air or gas 
bubbles is required before filling the molds in 
the strength determination. The use of 0.1 
per cent retarder in determining the testing con- 
sistency is necessary when working with quick- 
setting cements. 

Packing and Marking 

9. (a) Keene’s cement shall be dry and 
free from lumps and shall be shipped in 
packages. 

(6) When shipped for resale, the fol- 
lowmg information shall » be legibly 

^ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


marked on each package or on a tag of 
suitable size attached thereto: 

Name of manufacturer, 

Brand, 

Description, and 

Net and gross weights of package. 

Inspection 

10. Inspection may be made either at 
the point of shipment or at the point of 
delivery. The inspector representing the 
purchaser shall have free access to the 
carriers being loaded for shipment to the 
purchaser. He shall be afforded all 
reasonable facilities for inspection and 
sampling, which shall be so conducted 
as not to interfere unnecessarily with the 
loading of the carriers. 

Rejection 

11. Any rejection shall be based upon 
the specific cause of failure to conform 
to the requirements of these specifica- 
tions and shall be reported to the seller 
within 10 working days from the receipt 
of the shipment by the purchaser. 

Rehearing 

12. Claims for rehearing shall be valid 
only if made within 20 working days 
from receipt of notice of specific cause 
for rejection. 


APPENDIX 


Field Test foe Keene’s Cement 


In many instances it is desirable to have a 
simple test whereby Keene’s cement may be 
identifi,ed. Such a test will not indicate the 
quality of the cement, which should be deter- 
mined by the laboratory tests enumerated in the 
body of these specifications, but is of especial 
value to plasterers, material dealers, and super- 
intendents. 

The following procedure is satisfactory for 
this pui-pose; 

Take a cupful of the material, miy witli 
water to the consistency of a thick paste, and 
pour upon a plate or piece of glass. Let stand 


until fairly firm and definite signs of set having 
begun are manifest. This will be some time 
less than 2 hr., depending on climatic con- 
ditions. 

Divide the sample, allowing one half to re- 
main undisturbed. Take the other half and 
break it down adding a little water, remix, 
and then allow it to “set up” again on the 
plate or glass. 

If the material is Keene’s cement, the re- 
mixed portion wiU, within a few hours, become 
quite as hard and strong as the portion that 
was not remixed. 



APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A65.1-194I 


Standard Specifications for 
CALCINED GYPSUM FOR DENTAL PLASTERS* 



A.S.T.M. Designation: C 72 - 40 
Adopted, 1930; Revised, 1940,* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 72; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover calcined 
gypsums having specific properties with 
reference to time of setting, fineness, and 
water-carrying capacity, for use in the 
preparation of dental plasters. Three 
grades are covered, as follows: 

Grade Q (Quick setting), 

Grade M (Medium setting), and 

Grade S (Slow setting). 

Composition 

2. Calcined gypsum for use in the 
preparation of dental plasters shall con- 
tain not less than 93 per cent of calcined 
gypsum (CaS 04 -iH 20 ). 

Time of Setting 

3. The calcined gypsum shall conform 
to the following requirements as to time 
of setting: 

Grade Q.— Not less than 2 nor more 
than 4 min. 

Grade M . — Not less than 6 nor more 
than 12 min. 


> Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-11 on Gypsum. 

2 Prior to adoption as standard, these specifications were 
published as tentative from 1928 to 1930, being revised in 
1929 and 1930, 


Grade S . — Not less than 20 nor more 
than 40 min. 

Tensile Strength 

4. The calcined gjpsum shall have a 
tensile strength of not less than 300 psi. 

Fineness 

5. The calcined gypsum shall all pass 
a No. 30 sieve (590-micron) and not less 
than 95 per cent shall pass a No. 100 
(149-micron) sieve.^ 

Sampling 

6. At least 3 per cent of the packages 
shall be sampled and shall be so selected 
as to be representative of the shipment. 
Samples shall be taken from both the 
surface and the center of each package 
so selected. The material so obtained 
shall be thoroughly mixed and reduced 
by quartering to provide not less than a 
15-lb. sample for the laboratory. 

Laboratory Samples 

7. Each laboratory sample shall be 
placed unmediately in an airtight con- 

3 Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves for Testing Pur- 
poses (A.S.T.M. Deisignation: E 11), which appears in 
this publication, see Contents in Numeric Sequence of 
A.S.T.M. Designations at front of book. 


A “tentative revision” of this standard appears in the Tenta- 
tive Revisions of Standards section at the hack of this book. 
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tainer and shipped to the laboratory for 
test. 

Methods of Testing 

8. The chemical analysis and physical 
properties of calcined gypsum for use in 
the preparation of dental plasters shall 
be determined in accordance with the 
Standard Methods of Testing Gypsum 
and Gypsum Products (A.S.T.M. Desig- 
nation: C 26) of the American Society 
for Testing Materials,^ except that in 
the determination of the time of setting 
and the tensile strength the calcined 
gypsum and water shall be mixed in the 
proportion of 100 g. of calcined gypsum 
to 60 ml. of water. The calcined gyp- 
sum shall be allowed to soak in distilled 
water at 70 F. (21 C.) for 30 sec., and 
shall then be stirred for 30 sec. and 
placed immediately in the molds. 

Packing and Marking 

9. (a) Calcined gypsum for use in the 
preparation of dental plasters shall be 
dry and free from lumps and shall be 
shipped in packages, 

(b) When shipped for resale, the fol- 
lowing information shall be legibly 

< Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


marked on each package or on a fag of 
suitable size attached thereto: 

Name of manufacturer, 

Brand, 

Description, and 

Net and gross weights of package. 

Inspection 

10. Inspection may be made either at 
the point of shipment or at the point of 
delivery. The inspector representing 
the purchaser shall have free access to 
the carrier being loaded for shipment to 
the purchaser. He shall be afforded all 
reasonable facilities for inspection and 
sampling, which shall be so conducted 
as not to interfere unnecessarily with the 
loading of the carriers. 

Rejection 

11. Any rejection shall be based upon 
the specific cause of failure to conform to 
the requirements of these specifications 
and shall be reported to the seller within 
10 working days from the receipt of the 
shipment by the purchaser. 

Rehearing 

12. Claim for rehearing shall be valid 
only if made within 20 working days 
from receipt of notice of specific cause 
for rejection. 



APPROVED AS 
AlffERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A69.1-1942 


Standard Specifications for 
GYPSUM WALL BOARDS 



A.S.T.M. Designation: C 36 - 42 
Adopted, 1934; Revised, 1942.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 36; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover gypsum 
wall board, which is designed to be 
used without the addition of plaster for 
walls, ceilings, or partitions and affords 
a surface suitable to receive decoration. 

Composition 

2. Gypsum wall board shall consist of 
an incombustible core of gypsum with 
or without fiber, but not exceeding 15 
per cent of fiber by weight, and surfaced 
with paper or other fibrous material 
firmly bonded to the core. 

Flexural Strength 

3. When tested, either face up or face 
down, in accordance with the Standard 
Methods of Testing Gypsum and Gyp- 
sum Products (A.S.T.M. Designation: 
C 26) of the American Society for Test- 
ing Materials,® specimens taken from 


the gypsum wall board shall carry not 
less than the following loads without 
showing a breaking of the bond between 
the surfacing and the core : 

Load, lb. 

Bearing Edges Bearing Edges 
Across Fiber Parallel to 


Thickness, of Surfacing Fiber of Sar- 
in. facing 

i 50 24 

■I 80 34 

^ 105 45 


Sampling 

4. At least 1 per cent of the number of 
gypsum wall boards in a shipment, but 
not less than ten boards, shall be so se- 
lected as to be representative of the 
shipment. Twenty-five per cent of such 
selected boards, but not less than ten 
individual boards, shall constitute a 
sample for purpose of tests. When a 
shipment consists of more than one car 
or carrier load, a sample shall be taken 
from each car or carrier. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-11 on Gypsum. 

2 Prior to their present adoption as standard, these 
specifications were published as tentative from 1921 to 
1925, being revised in 1922, 1924, and 192S. They were 
adopted in 1925 but withdrawn and replaced in 1933 by 
C 36 - 33 T which were published as tentative from 1931 
to 19.34. 

2 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Dimensions, Weights, and Permissible 
Variations 

5. {a) Thickness . — The nominal thick- 
ness of g3^sum wall board shall be \ in., 
I in., or I in., with permissible variations 
in the nominal thickness of plus or minus 
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it in., and with permissible local varia- 
tions of plus or minus in. from the 
nominal thickness. Edges, or edges and 
ends of | in. and ^ in. board may be 
plain or recessed to receive a joint rein- 
forcing strip; if recessed, the depression 
shall be not less than 0.02 in. 

(5) Width. — ^The nominal width of 
gypsum wall board shah be 24 in., 32 in., 
36 in., or 48 in., with a permissible vari- 
ation of in in. under the specified width. 

(c) Letigtli . — The nominal length of 
|-in. gypsum wall board shall be from 
4 ft. to 12 ft. and of |-in. and |-in. 
board from 4 ft. to 14 ft., inclusive, with 
permissible variations of plus or minus 
I in. from the specified length. 

(d) Weight. — The weight of gypsum 
wall board per 1000 sq. ft. shall conform 
to the following requirements; 

Thickness, Weight per 1000 sq. ft., lb. 

in. Minimum Maximum 

J 900 1500 

1 1350 2000 

I- 1800 3000 

Finish 

6. The surfaces of gypsum wall board 
shall be true and free from imperfections 
that would render the wall board unfit 
for use with or without decoration. The 
edges and ends shall be straight and 
solid. The corners shall be square with 
a permissible variation of f in. in the 
full width of the board. 

NoteI. — G ypsum wall board ^-in. in thick- 
ness is available either with square edges or V- 
tongue and grooved edges. Recessed board is 
available only with square edges. 

Note 2.-— Gypsum wall board is also avaE- 
able with one surface covered with aluminum or 
other heat-reflecting type of foil. 


Packing and Marking 

7. {a) Gypsum wail board shall be 
shipped so as to be kept dry and free 
from moisture. 

{b) Wlien shipped for resale, the name 
of the manufacturer and the brand shall 
be legibly marked on each board or 
package. 

Inspection 

8. Inspection may be made either at 
the point of shipment or at the point of 
delivery. The inspector representing 
the purchaser shall have free access to 
the carriers being loaded for shipment to 
the purchaser. He shall be afforded all 
reasonable facilities for inspection and 
sampling, which shall be so conducted as 
not to interfere unnecessarily with the 
loading of the carriers. 

Rejection 

9. Any rejection shall be based upon 
failure to conform to the requirements of 
these specifications and shall be re- 
ported to the seller within 10 working 
days from the receipt of the shipment by 
the purchaser. The notice of rejection 
shall contain a specific statement of the 
respects in which the boards have failed 
to conform to the requirements of these 
specifications. 

Rehearing 

10. Claims for rehearing shall be valid 
only if made within 20 working days 
from the receipt of notice of specific 
cause for rejection. 



APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A67.1-1942 


Standard Speciji cat ions for 
GYPSUM LATHI 



A.S.T.M. Designation; C 37 - 42 
Adopted, 1934; Revised, 1940, 1942.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 37 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover plain, 
perforated, and other mechanical key 
types of gypsum lath, which are designed 
to be used as a base for the reception 
of gypsum plaster. 

Composition 

2. Gypsum lath shall consist of an 
incombustible core of gypsum with or 
without fiber, but not exceeding 15 per 
cent of fiber by weight, and surfaced with 
paper or other fibrous material firmly 
bonded to the core. 

Flexural Strength 

3. When tested, either face up or face 
down, in accordance with the Standard 
Methods of Testing Gypsum and Gyp- 
sum Products (A.S.T.M, Designation: 
C 26) of the American Society for 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-11 on Gypsum. 

2 Prior to their present adoption as standard, these 
specifications were published as tentative from 1921 to 
1925, being revised in 1922 and 192.5. They were adopted 
in 1925, revised 1930, but withdrawn and replaced in 1933 
by C 37-31 T which was published as tentative from 1931 
to 1934. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Testing Materials,® specimens taken from 
the gypsum lath shall carry not less than 
the following loads without showing a 
breaking of the bond between the sur- 
facing and the core: 

Load, lb. 


Thickness, 

Bearing Edges 
Across Fiber 
of Surfacing 

Bearing Edges 
Parallel to 
Fiber of Sur- 

1. 

40 

facing 

16 

IT 

52 

22 

t 

60 

27 

1 

100 

40 


Sampling 

4. At least 1 per cent of the number 
of gypsum lath in a shipment, but not 
less than ten lath, shall be so selected as 
to be representative of the shipment. 
Twenty-five per cent of such selected lath 
but not less than ten individual lath, 
shall constitute a sample for purpose of 
tests. When a shipment consists of more 
than one car or carrier load, a sample 
shall be taken from each car or carrier. 

Dimensions, Weights, and Permissible 

Variations 

5. (n) Thickness . — The nominal thick- 
ness of gypsum lath shall be f in., iV in., 
f in., or I in., with permissible variations 
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in the nominal thickness of plus or minus 
■is in., and with permissible local varia- 
tions of plus or minus ^ in. from the 
nominal thickness. 

(6) Width . — The nominal width of 
gypsum lath shall be 16 in., 24 in., or 
32 in., with permissible variations of i 
in. under and | in. over the specified 
width. 

(c) Length.—The nominal length of 
g}rpsum lath shall be 32 in., 36 in., or 48 
in., with permissible variations of | in. 
under and f in. over the specified length. 

(d) Weight . — The weight of gypsum 
lath per 1000 sq. ft. shall conform to the 
following requirements: 

Thickness, Weight per 1000 sq. ft., lb. 


in. 

Minimum 

Maximum 


900 

1500 

^ 

1125 

1750 


1350 

2000 

1 

1800 

3000 


Finish 

6. {a) The surfaces of gypsum lath 
shall be such that they will readily re- 
ceive and retain gypsum plaster. The 
edges and ends shall be straight and 
solid. The corners shall be square with 
a permissible variation of J in, in the full 
width of the lath. Gypsum lath shall 
be free of cracks and imperfections 
that will render them unfit for use. 

(6) Gypsum lath that have their 
corners burred or broken shall be con- 
sidered acceptable provided that the 
broken portion is not more than 1 in. 
along either dimension. 


Note. — G ypsum latb is also available with 
one surface covered with aluminum or other 
heat-reflecting type of foil. 

Packing and Marking 

7. {a) Gypsum lath shall be shipped 
so as to be kept dry and free from 
moisture. 

(6) When shipped for resale, the name 
of the manufacturer and the brand shall 
be legibly marked on each lath or 
package. 

Inspection 

8. Inspection may be made either at 
the point of shipment or at the point of 
delivery. The inspector representing 
the purchaser shall have free access to 
the carriers being loaded for shipment to 
the purchaser. He shall be afforded all 
reasonable facilities for inspection and 
sampling, which shall be so conducted as 
not to interfere unnecessarily with the 
loading of the carriers. 

Rejection 

9. Any rejection shall be based upon 
failure to conform to the requirements of 
these specifications and shall be reported 
to the seller within 10 working days 
from receipt of the shipment by the 
purchaser. The notice of rejection shall 
contain a specific statement of the re- 
spects in which the lath have failed to 
conform to the requirements of these 
specifications. 

Rehearing 

10. Claims for rehearing shall be valid 
only if made within 20 working days 
from the receipt of notice of specific 
cause for rejection. 



APPROVED AS 
AMERICAN STANDARD 

BY THl AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A6S.1-1942 


Standard Specifications for 
GYPSUM SHEATHING BOARD^ 



A.S.T.M. Designation: C 79 -42 
Adopted, 1934; Revised, 1942.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 79; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover gypsum 
sheathing board, which is designed to be 
used as a sheathing in buildings. 

Composition 

2. Gypsum sheathing board shall con- 
sist of an incombustible core of gypsum 
with or without fiber, but not exceeding 
15 per cent of fiber by weight, and sur- 
faced with paper or other fibrous ma- 
terial firmly bonded to the core. 

Flexural Strength 

3. When tested, either face up or face 
down, in accordance with the Standard 
Methods of Testing Gypsum and Gyp- 
sum Products (A.S.T.M. Designation: 
C 26) of the American Society for Test- 
ing Materials,® specimens taken from the 
gypsum sheathing boards shall carry not 
less than the following loads without 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-ll on Gypsum. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1930 to 1934, being re- 
vised in 1931. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


showing a breaking of the bond between 
the surfecing and the core: 


Load, lb. 

Bearing Edges Bearing Edges 
Across Fiber Parallel to 
Thickness, of Surfacing Fiber of Sur- 

in. facing 

i no 50 


Sampling 

4. At least 1 per cent of the number 
of gypsum sheathing boards in a ship- 
ment, but not less than ten boards, shall 
be so selected as to be representative of 
the shipment. Twenty-five per cent of 
such selected boards, but not less than 
ten individual boards, shall constitute a 
sample for purpose of tests. When a 
shipment consists of more than one car 
or carrier load, a sample shall be taken 
from each car or carrier. 

Dimensions, Weights, and Permissible 

Variations 

5. (a) Thickness . — The nominal thick- 
ness of gypsum sheathing board shall be 
I in., with permissible variations in 
the nominal thickness of plus or minus 
^ in., and with permissible local varia- 
tions of plus or minus A" in. from the 
nominal thickness. 
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(b) Width . — The nominal width of 
gypsum sheathing board shall be 24 in., 
with a permissible variation of plus or 
minus | in. from the specified width. 

(c) Lengih.~The nominal length of 
gypsum sheathing board shall be either 
6 ft. 8 in. or 8 ft., with permissible varia- 
tions of plus or minus | in. from the 
specified length. 

(d) Weight . — The weight of gypsum 
sheathing board per 1000 sq. ft. shall 
conform to the following requirements; 


Thickness, Weight per 1000 sq. ft, lb. 

in. Minimum Maximum 

1 1800 3000 


Finish 

6. The edges and ends of gypsum 
sheathing board shall be straight and 
solid. The corners shall be square with 
a permissible variation of f in. in the 
full width of the board. Gypsum sheath- 
ing board shall be free of cracks and 
imperfections that will render them unfit 
for use. 

Note. — Gypsum sheathing board is available 
either with square edges or V-tongue and 
groove edges. 

Packing and Marking 

7. (c) Gypsum shea tiling board shall 
be shipped so as to be kept dry and free 
from moisture. 

(&) When shipped for resale, the name 


of the manufacturer and the brand shall 
be legibly marked on each board or 
package. 

Inspection 

8. Inspection may be made either at 
the point of shipment or at the point of 
delivery. The inspector representing 
the purchaser shall have free access to 
the carriers being loaded for shipment to 
the purchaser. He shall be afforded all 
reasonable facilities for inspection and 
sampling, which shall be so conducted 
as not to interfere unnecessarily with 
the loading of the carriers. 

Rejection 

9. Any rejection shall be based upon 
failure to conform to the requirements of 
these specifications and shall be reported 
to the seller within 10 working days from 
the receipt of the shipment by the 
purchaser. The notice of rejection shall 
contain a specific statement of the re- 
spects in which the boards have failed to 
conform to the requirements of these 
specifications. 

Rehearing 

10. Claims for rehearing shall be valid 
only if made within 20 working days 
from the receipt of notice of specific 
cause for rejection. 



Standard Specifications for 
GYPSUM PARTITION TILE OR BLOCK^ 



A.S.T.M. Designation: C 52 -41 
Adopted, 1925; Revised, 1927, 1933, 1941.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 52; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover g3Tpsuin 
partition tile or block, a gypsum build- 
ing unit in form of tile or block for use 
in non-load-bearing construction in the 
interior of buildings and for the pro- 
tection of columns, elevator shafts, 
etc., against fire. 

Note 1. — The words “tile” and “block” are 
synonymous and are used so as to be in accord 
with certain freight association nomenclature. 

Note 2. — Gypsum cored tile, 3 or 4 in. in 
thickness, may be split and used for furring 
purposes. 

Composition 

2. Gypsum tile shall consist of set 
gypsum with or without aggregates. 
The weight of combustible materials 
shall not exceed 15 per cent of the weight 
of the dry tile. 

Compressive Strength 

3. (o) When tested in accordance 
with the Standard Methods of Testing 
Gypsum and Gypsum Products 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of . the 
A.S.T.M. Committee C-11 on Gypsum. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1923 to 1925, being revised 
in 1924 and 1925. 


(A.S.T.M. Designation: C 26) of the 
American Society for Testing Materials,® 
the compressive strength of gypsum 
tile shall be not less than 75 psi., based 
on gross area. 

{b) When completely saturated, the 
compressive strength shall be not less 
than one third of the strength required 
for such tile when dried to constant 
weight. 

Sampling 

4. At least 1 per cent of the number 
of gypsum tile in a shipment, but in no 
case less tlian ten tile, shall be so 
selected as to be representative of the 
shipment. Twenty-five per cent of 
such selected tile, but in no case less 
than ten the, shall constitute a sample 
for purpose of tests. In case a shipment 
consists of more than one car or carrier 
load, a sample shall be selected from 
each car or carrier. Samples for test 
shall be selected at the place of manu- 
facture or at the point of delivery, as 
specified in the order. 

Form 

5. G)rpsum tile may be solid or cored 
and shall be rectangular in shape with 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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straight and square edges and true 
surfaces. They may also be of special 
shape, provided the requirements as 
otherwise prescribed in these specifica- 
tions are met. They shall be free from 
cracks and other imperfections that 
would render them unfit for use and 
shall be dried before shipment. 


Core Spaces 

6. (o) The core spaces shall be sym- 
metrically spaced. 

(b) Shell Thickness. — Shell thickness 
shall be not less than the following: 


Thickness 
of Tile. in. 

3.. .. 

4. . .. 

5.. .. 

6 .. .. 


Side and Edge Shell Thicknesses, in. 

Elliptical or 
Circular Rectangular 

Cores Cores 


f 

I 


a 

n 


The sum of the thicknesses of the 
two side (face) shells plus the thickness 
of the center vertical web of b-in. tile 
shall be not less than 2 in. for tile having 
circular cores and not less than 2f in. 
for tile having elliptical or rectangular 
cores. 


Dimensions 

7. (a) Gypsum tile may be of any 
convenient length and height, but in 
general they shall not exceed 30 in. in 
length and 12 in. in height. The 
thickness shall be uniform throughout 
and within the limits specified in 
Paragraph (5). 

(b) Thickness. — Gypsum tile shall 
conform to the specified thicknesses 
within the following permissible vari- 
ations: 


Nominal Size of Tile 
or lUock, in. 

1^ (Furring)... 

2 (Furring) . , . 

2 

3 

4 

5 

6 


Minimum 

Tiiickness, 

Maximum 

Thickness, 

in. 

. If 

If 

• n 

2i 

. 2 

2i 

■ 2| 

31 

. 31 


. 4f 

5i 

• SI 

6i 


(c) Measurement of Dimensions . — 
Over-all dimensions shall be measured 
between opposite faces of the tile, 
the greatest measurement observed being 
taken as the dimension. 

Sectional dimensions of cored tile 
shall be taken 1 in. in from the ends of 
the tile, the least measurement observed 
being taken as the dimension. 

Shell dimensions shall be measured 
from the surface of the core space to 
the normal surface of the tile inside 
the scoring. 

(d) Permissible Variations in Dimen- 
sions. — h. variation of | in. in the nom- 
inal height and f in. in the nominal 
length of the the is permissible. 

Scoring 

8. When the surfaces of the tile are 
scored, the scoring shall not reduce 
materially the thickness of the shell. 
Surfaces of the tile shall be such that 
they afford a suitable bond with plaster. 

Marking 

9. When gypsum tile are shipped for 
resale, the manufacturer’s ‘‘Brand” name 
shall be shown upon each tile. 

Inspection 

10. Inspection may be made either 
at the place of manufacture or at the 
point of delivery. The inspector rep- 
resenting the purchaser shall have free 
access to the carriers being loaded for 
shipment to the purchaser. He shall 
be afforded all reasonable facilities 
for inspection and sampling, which 
shall be so conducted as not to interfere 
unnecessarily with the loading of the 
carriers. 

Rejection 

11. Any rejection shall be based upon 
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failure to conform to the requirements 
of these specifications, and shall be 
reported within 10 working days from 
the receipt of the shipment by the 
purchaser. The notice of rejection shall 
contain a specific statement of the 
respects in which the tile have failed 


to meet the requirements of these 
specifications. 

Rehearing 

12. Claims for rehearing shall be valid 
only if made within 20 working days 
from receipt of notice of specific cause 
for rejection. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A70.1-1942 


Standard Methods of 
TESTING GYPSUM AND GYPSUM PRODUCTS' 



A.S.T.M. Designation; C 26 ~ 42 
Adopted, 1923; Revised, 1927, 1930, 1933, 1939, 1940, 1942.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C26; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for the chemical analysis and physical 
testing of gypsum and gypsum products. 

Free Water 

2. (a) Weigh a sample of not less 
than 1 lb. of the material as received and 
spread it out in a thin layer in a suitable 
vessel. Place in an oven and dry at 
113 F. (45 C.) for 2 hr., then cool in an 
atmosphere free from moisture, and 
weigh again. The loss of weight corre- 
sponds to the free water, and shall be 
calculated as a percentage of the sample 
as received. 

(&) Retain the dried sample in an air- 
tight container until used for the fineness 
test (Section 3). 

Fineness 

3. Determine fineness by sieving a 
known weight of the dried sample 
through sieves of the specified sizes 
(Note). The size of the sample to be 

1 Under the standardization procedure of the Societj', 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-11 on Gypsum. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1919 to 1923, being revised in 
1920, 1921, and 1923. 


used in determining fineness depends 
upon the particle size of the material. 
If the material will pass a |-in. sieve,® 
a 100-g. sample will be sufficient; if the 
largest particles are more than 1 in. in 
diameter, use at least a 1000-g. sample. 
With these limitations the size of sample 
to be used is left to the discretion of the 
operator. Shake the sample through 
each sieve with as little abrasion as 
possible. Weigh the amount of material 
retained on each sieve and calculate the 
fineness expressed as a percentage of the 
weight of the original sample. 

Note. — The sizes of the sieves to be used 
are given in the specifications of the American 
Society for Testing Materials covering the 
particular product in question. 

CHEMICAL ANAI.-YSIS 
Preparation of Sample 

4. Weigh a sample of not less than 
1 lb. of the material as received and 
spread it out in a thin layer in a suitable 
vessel. Place in an oven and dry at 
113 F. (45 C.) for 2 hr., then cool in an 

’ Detailed requirements for this sieve are given in the 
Standard Specifications for Sieves for Testing Purposes 
(A.S.TM. Designation; E 11) , which appears in this piib- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 
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A “tentative revision” of this standard appears in the Tenta- 
tive Revisions of Standards section at the back of this book. 



Methods oe Testing Ginpsiw (G 26 - 42) 


145 


atmosphere free from moisture. Reduce 
the sample to pass a No. 60 (250-micron) 
sieve,® using extreme care not to expose 
unduly the material to moisture or to 
overheating. Thoroughly remix the 
ground sample, and store it in an air- 
tight container until used. 

Complete Peocedtjpe 
Combined Water 

5. Place 1 g. of the sample in a cov- 
ered crucible and dry to constant weight 
at 420 to 445 F. (215 to 230 C.). Calcu- 
late the loss of weight to percentage of 
sample as received, and report as com- 
bined water. 

Carbon Dioxide 

6. Place the residue, obtained after 
drying as described in Section 5, in a 
suitable flask and dissolve it in diluted 
HCl (not stronger than 1:4) in such a 
way that the gas evolved, after bemg 
freed from water vapor by calcium chlo- 
ride or sulfuric acid, can be collected in 
either soda-lime or caustic potash and 
weighed. Boil the solution for 1 min., 
and pass a current of COrfree air through 
the apparatus for 30 min. The increase 
of weight of the soda-lime or caustic 
potash corresponds to the weight of 
carbon dioxide. Calculate the CO 2 to 
percentage of sample as received. 

Silicon Dioxide and Insoluble Matter 

7. Place 0.5 g. of the sample in a 
porcelain casserole. Add about 25 ml. 
of HCl (1:5), and evaporate to apparent 
dryness on a hot plate. Cool, and add 
enough HCl (sp. gr. 1.19) to wet thor- 
oughly. Add about 10 ml. of water, 
boil, filter, and wash. Put the filtrate 
back in the same casserole. Evaporate 
it to dryness and heat to about 250 F. 
(120 C.) for 1 hr. and then cool. Add 
enough HCl (sp. gr. 1.19) to wet thor- 
oughly. Add about 25 ml. of water, 


boil, filter, and wash. Transfer the two 
papers containing the two precipitates 
to the same crucible, ignite, and weigh. 
Calculate the SiOz and insoluble matter 
to percentage of sample as received. 

Iron and Aluminum Oxides 

8. To the filtrate obtained as described 
in Section 7, add a few drops of HNO3, 
and boil to insure oxidation of the iron. 
Add 2 g. of NH4CI previously dissolved 
in water. Make alkaline with NH4OH. 
Digest hot for a few minutes until the 
precipitate coagulates. Filter, wash, ig- 
nite the precipitate, and weigh as Fe 203 
-f AI2O3. Calculate the iron and alumi- 
num oxides to percentage of sample as 
received. This precipitate may be fur- 
ther treated to separate the two oxides, 
but this is generally unnecessary. 

Lime 

9. {a) To the filtrate obtained as 
described in Section 8, add 5 g. of 
(NH 4 ) 2 C 204 dissolved in water. Digest 
hot for 30 min., making sure that the 
solution is always alkaline with NH4OH. 
Filter, wash, and ignite to constant 
weight in a platinum crucible over a 
strong blast. Calculate the CaO to per- 
centage of sample as received. 

( 6 ) Alternative Method , — To the fil- 
trate obtained as described in Section 8 , 
add 5 g. of (NH 4 ) 2 C 204 dissolved in 
water. Digest hot for 30 min., making 
sure that the solution is always alkaline 
with NH 4 OH. Filter and wash. 
Transfer the precipitate to a beaker, 
and wash the filter paper with hot diluted 
H 2 SO 4 , catching the washings in the 
same beaker. Heat gently to complete 
solution, adding more H 2 SO 4 if neces- 
sary. While still warm, titrate with a 
solution of K.Mn 04 containing 5.6339 g. 
per liter, until the pink color is perma- 
nent. The number of milliliters of 
KMn 04 used gives directly the per- 
centage of lime in. the dried sample. 
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Recalculate the CaO to percentage of 
sample as received. 

Magnesium Oxide 

10. To the filtrate obtained as de- 
scribed in Section 9 (a) or (6), add 
enough water to give a total volume of 
about 600 ml. Cool, and add 10 ml. 
of NH4OH and 5 g. NaNH4HP04 dis- 
solved in water. Stir until precipitate 
begins to form. Let stand over night. 
Filter, wash with NH 4 NO 3 (2.5 per 
cent). Ignite and weigh. Multiply this 
weight by 0.36207 to find the weight of 
MgO. Calculate the MgO to per- 
centage of sample as received. 

Sulfur Trioxide 

11. Dissolve 0.5 g. of the sample in 
50 ml. of HCl (1:5). Boil. Add 100 
ml of boiling water, and continue boiling 
for 5 min. Filter immediately and 
wash thoroughly with hot water. Boil, 
and while boiling, add slowly 20 ml. of 
a boiling solution of BaCh (10 per cent). 
Digest hot for 1 hr., or until the precipi- 
tate settles. Filter and wash. Dry 
carefully. Ignite over a bunsen burner 
at the lowest heat possible until the 
filter paper is burned off. Ignite at 
bright red heat for 15 min., and weigh. 
Multiply this weight by 0.34297 to 
determine the weight of SO3. Calculate 
the SO3 to percentage of sample as 
received. 

Sodium Chloride 

12. Dissolve 1 g. of the sample, in 
boiling water, filter, and wash with 250 
ml. of boiling water. Add two or three 
drops of K 2 Cr 04 to the filtrate and 
titrate with AgNOa (0.05 N). One 
milliliter of AgNOa is equivalent to 
0.002923 g. of sodium chloride. Calcu- 
late the NaCl to percentage of sample 
as leceived. 


Report 

13. Report the results obtained in the 
analysis as follows; 

Per cent 

Free water 

Combined water 

Carbon dioxide, CO 2 

Silicon dioxide (SiOa) and insoluble 

matter 

Iron and aluminum oxides, FeaOs 

-f-AhOs 

Lime, CaO 

Magnesium oxide, MgO 

Sulfur trioxide, SO 3 

Sodium chloride, NaCl 

Total 100. 00± 

Note !.• — Since it is frequently advisable to 
recalculate the results obtained in the chemical 
analysis in order that they may be more en- 
lightening, the following is submitted for 
consideration: 

(a) Multiply percentage of MgO by 2.0912 
to find percentage of MgCOa. 

(b) Multiply the percentage of MgO by 
1.0914 to find the percentage of CO 2 as MgCOs. 

(c) Deduct CO2 as MgCOs from the CO2 
determined. 

(d) Multiply the CO 2 remaining by 2.2742 
to find percentage of CaCOs. 

(e) Add together the percentage of Si02, 
FesOsd-AhOs, MgCOs, and CaCOs, and report 
in the aggregate. 

(/) Multiply the percentage of CaCOs by 
0.56031 to find the percentage of CaO as CaCOs. 

(g) From the total percentage of CaO, deduct 
the percentage of CaO as CaCOs. The re- 
mainder may be called “available CaO.” 

{h) The “available CaO” should bear to the 
SO 3 a ratio of 0.6991 to 1 . Determine which 
(if either) is in excess. 

(*) If the CaO is in excess, multiply the SOs 
by 0.6991, and subtract the result from the 
“available CaO.” The remainder is reported 
as “excess CaO.” 

(j) If the SO 3 is in excess, multiply the 
“available CaO” by 1.4304 and subtract the 
result from the SO 3 . The remainder is reported 
as “excess SO 3 .” 

{k) Add together the “available CaO,” and 
the SOs, and subtract the “excess CaO” or 
“excess SOs.” The remainder is CaS 04 . 

(0 If the CaSOi is present as CaSOi-^HsO, 
the percentage of CaS 04 should bear to the 
percentage of combined water a ratio of 15.12 
to 1. Determine which (if either) is in excess. 

(wt) If the CaS 04 is in excess, some of it is 
present in the anhydrous form. Multiply the 
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percentage of combined water by 15.12 to find 
the percentage of CaS 04 as CaS 04 - 11120 . The 
difference between the total CaS 04 and the 
percentage of CaS 04 as CaS 04 -|H 20 , is the 
CaS 04 in the anhydrous form. 

(«) If the water is in excess, some of the 
CaS 04 is present as gypsum. Let x = per- 
centage of CaS 04 - 11120 , and y = percentage of 
CaS 04 - 2 H 20 . 

Then: 

a; + y = percentage of CaS0< (as found in k) 
percentage of water. 

0.06206a: ■+■ 0.2093y = percentage of com- 
bined water. 

Solve these equations for * and y. Report x 
as percentage of “calcined gypsum,” CaSOi* 
-IH 2 O. Report y as percentage of gypsum, 
CaSOi -21120. 

Note 2. — Having made the calculations listed 
in Note 1, the results may be reported as follows: 

Per cent 

Gypsum, CaS 04 - 2 H 20 

Calcined gypsum, CaS04-iH20 

Anhydrite CaS04 

Excess CaO] 


Excess SOa J 

Sodium chloride, NaCl 

Other ingredients 

Total 100. 00± 

Note 3. — ^The presence of the different forms 
of CaS 04 may be corroborated by a microscopic 
examination. 

Alternative Procedure e or Calcium 
Sulfate by Ammonium Acetate 
Method^ 

Nature of Test 

14. This procedure is intended for 
determining calcium sulfate in gyp- 
sum and gypsum products by extraction 
with ammonium acetate solution, and 
may be used as an alternative method to 
the complete procedure described in 
Sections 2 to 13. 

Reagents 

15. (u) Ammonium Acetate Solution . — 
Dissolve 454 g. of c.p. ammonium 
acetate in 2 liters of water. Add suffi- 
cient NH4OH to make the solution 

^ This procedure was prepared by L. S. Wells and 
W. F. Clarke, National Bureau of Standards, and modified 
by B. E. Kester, United States Gypsum Co. 


distinctly ammoniacal, using phenol- 
phthalein as the indicator. 

{h) Ammonium Hydroxide Wash So- 
lution. — Dilute 100 ml. of NH4OH (sp. 
gr. 0.90) to 1 liter. 

(c) Filter Aid. — Analytical grade 
diatomaceous silica. 

Procedure Using Gooch Crucible 

16. (a) Weigh rapidly approximately 
4 g. (Note 1) of the well-mixed sample 
and transfer to a 600-ml. beaker. 

Note 1. — ^All weighings shall be made to 
0,001 g., except that weights of crucibles and of 
their contents shall be determined to 0.0001 g. 

(&) Without delay, weigh 1 g. of the 
well-mixed sample in a tared weighing 
bottle having a ground-glass stopper. 
Dry the sample and weighing bottle to 
constant weight at 45 C. (Note 2), 
and calculate the percentage loss in 
weight at 45 C. (largely uncombined 
water) as follows; 

Loss in weight A — B 
at 45 C., per cent = — - — X 100 

where : 

A — original weight of sample and 
weighing bottle, 

B = weight of sample and weighing 
bottle dried to constant weight 
at 45 C., and 

C — original weight of sample. 

Calculate the weight of the 4-g. sample 
(Paragraph (a)) corrected for loss on 
heating to constant weight at 45 C. 

If the percentage by weight of com- 
bined water held by the calcium sulfate 
is desired, heat the sample and weighing 
bottle to constant weight at 220 C. (Note 
2), and calculate the percentage of 
combined water as follows: 

B - D 

Combined water, per cent = X 100 

B -- E 
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where : 

B = weight of sample and weighing 
bottle dried to constant weight 
at 45 G., 

D = weight of sample and weighing 
bottle dried to constant weight 
at 220 C., and 

E = weight of weighing bottle. 

Note 2. — Stopper weighing bottles immedi- 
ately upon removal from the oven in order to 
prevent absorption of moisture from the air 
upon cooling. 

(c) To the contents of the 600-inL 
beaker (Paragraph (a)), add 350 ml. of 
the ammonium acetate solution, and stir 
the mixture thoroughly so as to loosen 
all of the solid matter from the bottom 
of the beaker. Add 0.2000 g. of redried 
diatomaceous silica to the mixture, heat 
the beaker and contents to 70 C. on a 
steam bath, and maintain at that tem- 
perature for 30 min., while stirring 
frequently. During the heating, keep 
the solvent ammoniacal by additions of 
NH4OH and phenolphthalein, if indi- 
cated. (Meanwhile, heat a supply of 
the ammonium acetate solution to 70 C., 
keeping it also distinctly ammoniacal.) 
Filter the mixture, with suction, through 
a tared Gooch crucible, stirring fre- 
quently during filtration to keep the 
diatomaceous earth suspended in the 
liquid. Wash the Gooch crucible con- 
taining the residue with five 10-ml. 
portions of the warm acetate solution, 
draining thoroughly after each washing. 
Wash in the same manner with eight 
10-ml. portions of the NH4OH wash 
solution. Care shall be exercised to 
wash the upper walls of the Gooch 
crucible. Drain the crucible dry with 
suction, place in an oven at 70 C., and 
dry to constant weight (Note 3). Allow 
the crucible 'to cool in a desiccator before 
weighing. 


Note 3. — Avoid overheating in all oven dry- 
ing of ammonium acetate residues; that is, place 
crucibles well away from the heating elements. 
This is of particular importance for samples 
high in impurities, as these impurities often have 
water of hydration that is lost on local over- 
heating. 

(d) Calculate the percentage of 
CaS04'XH20 on the basis of the sample 
dried to constant weight at 45 C., as 
follows: 

CaS 04 *A'H 20 , per cent — “ X 100 

F 

where : 

E ~ weight of sample, corrected for loss 
on heating to constant weight at 
45 C., 

G ~ weight of dried crucible and con- 
tents, and 

E = weight of crucible plus diatomace- 
ous silica used as filter aid. 


Procedure Using Tared Filter Papers® 


17. {a) Dry a quarter-folded, 11-cm., 
quantitative filter paper overnight at 
70 C. in a wide-form, glass-stoppered, 
30 by 60-mm. weighing bottle. After 
drying, cool the weighing bottle and 
paper in a desiccator, and weigh. 

(6) ‘Treat the sample exactly as de- 
scribed in Section 16 prior to the filtra- 
tion. Filter the mixture by gravity 
through an ordinary 7-cm. glass funnel, 
stirring frequently during filtration to 
keep the diatomaceous silica suspended 
in the liquid. Wash the filter paper and 
residue with five 10-ml. portions of 
warm acetate solution, draining thor- 
oughly after each washing. Wash in 
the same manner with eight 10-ml. 
portions of the NH4OH wash solution. 
After final draining replace the paper and 
residue in the weighing bottle, and dry 
at 70 G. to constant weight (see Note 


yiuucuure is suggcskea wuerc several samples 
are to be analyzed at once. It has been found that gravity 
filtratioii on six samples will proceed as rapidly as it is 
possible to handle them. , 
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3 under Section 16 (c)). Cool the 
weighing bottle, paper, and residue in a 
freshly prepared desiccator before weigh- 
ing; this is essential, due to the hygro- 
scopic character of paper. 

(c) Calculate the percentage of 
CaS 04 -XH 20 as described in Section 
16 (d), substituting the weight of the 
weighing bottle and filter paper for the 
weight of the crucible. 

PHYSICAL TESTS 
Precautions for Physical Tests 

18. Gypsum products are peculiar in 
that their properties are very greatly 
affected by the small amounts of im- 
purities which may be introduced by 
careless laboratory manipulation. In 
order to obtain concordant results, it is 
therefore absolutely essential to observe 
the following precautions: 

(a) All apparatus shall be kept thor- 
oughly clean. Especially shall all traces 
of set plaster be removed. 

(b) Distilled water, free from chlo- 
rides and sulfates, shall be used e-x- 
clusively. 

(c) Standard sand shall be used ex- 
clusively consisting of a natural silica 
sand from Ottawa, 111. It shall be 
prepared for use by washing once with 
HCl (li4) and four times with distilled 
water, and then drying. 

Normal Consistency oe Gypsum 
Plaster 

Note.— A n accurate method for determining 
normal consistency is the most important step 
in the standardizing of physical methods for 
testing cementitious materials. 

Apparatus 

19. {a) Modified Vicat Apparatus . — 
The modified Vicat apparatus (Fig. 1) 
shall consist of a bracket, A, bearing a 
movable brass rod, B, 6.3 mm. in 
diameter and of suitable length to fit 
the Vicat bracket. On the lower end 
of the rod shall be attached a plunger, C, 


19.0 mm. in diameter and 44.4 mm. in 
length, made of aluminum tubing. The 
total weight of the rod with plunger 
shall be 50 g. This total weight may 



be increased by means of a weight, D, 
screwed into the rod. The rod can be 
held in any desired position by a screw 
E. The rod shall have a mark midway 
between the ends which moves under a 
scale, F, graduated in millimeters, at- 
tached to the bracket, A . 

(b) Mold . — ^The conical ring mold 
shall be made of a noncorroding, non- 
absorbent material, and shall have an 
inside diameter of 7 cm. at the base and 
6 cm. at the top and a height of 4 cm. 

(r) Base Plate . — The base plate for 
supporting the ring mold shall be of 
plate glass and about 10 cm. square. 
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Procedure 

20. (a) The plunger, mold, and base 
plate of the modified Vicat apparatus 
shall be cleaned. A thin coat of vase- 
line or other suitable lubricant shall be 
applied to the upper surface of the base 
plate in order to prevent leaks during 
the test. 

(b) A 200-g. sample shall be sifted 
into a known volume of water to which 
has been previously added 0.2 g. of com- 
mercial retarder. After allowing the 
sample to soak for 2 min. the mixture 
shall be stirred for 1 min. to an even 
fluidity. This sample shall then be 
poured into the ring mold, worked 
slightly to remove air bubbles and then 
struck off flush with the top of the mold. 
The plunger of the modified Vicat appa- 
ratus shall then be wet and lowered to 
the surface of the sample at approxi- 
mately the center of the mold. The 
scale shall be read and the plunger 
released immediately. After the rod 
has settled, the scale shall be read 
again. Readings are reproducible on a 
retarded mix, and therefore, in order 
to eliminate error, two or three deter- 
minations should be made on each mix, 
care being taken to have the mold com- 
pletely filled and the plunger clean and 
wet. 

Normal Consistency 

21. (a) Normal Consistency, Calcined 
Gypsum , — Calcined gypsum shall be 
considered of normal consistency when 
a penetration of 30 ± 2 mm. is obtained 
when tested in accordance with Section 
20, weight of rod and plunger for this 
determination to be 50 g. Normal con- 
sistency shall be expressed as the num- 
ber of milliliters of water required to 
be added to 100 g. of the gypsum. 

(6) Normal Consistency, Gypsum 
Mixtures .— gypsum mixtures 
and gypsum wood-fiber plaster shall be 


considered of normal consistency when 
a penetration of 20 ± 3 mm. is obtained 
when tested in accordance with Section 
20, weight of rod and plunger for these 
determinations to be 150 g. Normal 
consistency shall be expressed as the 
number of milliliters of water required 
to be added to 100 g. of the mixture. 

Water-Caefying Capacity 
Water-Carrying Capacity 

22. The water-carrying capacity is 
the amount of water, calculated as per- 
centage by weight of the dry material, 
that is necessary to bring the mixture 
to normal consistency. 

Dry Bulk 

Procedure 

23. Dry bulk is the volume in cubic 
centimeters occupied by 100 g. of dry 
material.® A No. 10 (2000-micron) 
sieve^ shall be placed above a No. 20 
(840-micron) sieve® and the two sieves 
held at a height of 12 in. (30 cm.) above 
a perpendicular-sided receptacle of 
known volume (about 400 cu. cm.). 
The material under test shall be placed 
on top of the No. 10 sieve and passed 
through the No. 10 and No. 20 sieves, 
filling the receptacle. The material 
shall be struck off flush with the top of 
the receptacle and the net weight ob- 
tained. of the contents in grams. The 
average result of three tests shall be 
obtained according to this method and 
reported in cubic centimeters per 100 g. 

Wet Bulk 

Wet Bulk 

24. Wet bulk is the volume in cubic 
centimeters occupied by a mixture of 


® Dry bulk is expressed as the volume in cubic centi- 
meters occupied by 100 r. of dry material instead of 
“grams per 100 cu. cm.,” since bulk is understood to mean 
volume per unit weight rather than weight per unit 
volume. 
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100 g. of dry material mixed with water 
to normal consistency. 

Time of Setting 

Apparatus 

25. (a) Vicat Apparatus . — The Vicat 
apparatus (Fig. 2) shall consist of a 


cm. square. The ring shall be made of 
a noncorroding, nonabsorbent material 
and shall have an inside diameter of 
7 cm. at the base, 6 cm, at the top, and 
a height of 4 cm. 

(b) In addition to the above, the Vicat 



frame A, bearing a movable rod B, 
weighing 300 g., one end C, the plunger 
end, being 1 cm. in diameter for a dis- 
tance of at least 5 cm,, the other end 
having a removable needle D, 1 mm. in 
diameter and 5 cm. in length. The rod 
B shall be reversible, and can be held 
in any desired position by a screw E, and 
shall have an adjustable indicator F 
which moves over a scale (graduated in 
millimeters) attached to the frame A. 
The paste is held in a rigid conical ring 
G, resting on a glass plate H about 10 


apparatus shall conform to the following 
requirements: 


Weight of 

plunger.... 300 ± 0.5 g. (0.661 lb. ± 8 grains) 
Diameter of 
larger end 

of plunger. 1 dh O.OOS cm. (0.394 ± 0.002 in.) 
Diameter of 


needle 

Inside diam- 
eter of 
ring at 

bottom 

Inside diam- 
eter of 
ring at 


Height of ring. 
Graduated 
scale 


1 dt 0.05 mm. (0.039 ± 0.002 in.) 
7 ±0.3 cm. (2. 75 ±0.12 in.) 


6 ±0.3 cm. (2.36 ±0.12 in.) 

4 ±0.1 cm. (1.57 ±0.04 in.) 

.The graduated scale, when compared with 
a standard scale accurate to within 0.1 
mm. at all points, shall not show a devi- 
tion at any point greater than 0.25 mm. 
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Procedure 

26, (a) All Calcined Gypsum Prod- 
ucts, Except Gypsum Neat Plaster. — K 
200-g. sample (Note) shall be mixed 
with enough water to make a paste of 
normal consistency as described in Sec- 
tions 19 to 21. The paste shall be 
placed in the conical ring and, after com- 
pletely filling the ring, the paste shall be 
tested for final set with a Vicat needle. 
When conducting the test, the needle 
shall be allowed to sink into the paste at 
frequent intervals. After each pene- 
tration, the needle shall be wiped clean, 
and the paste moved slightly so that 
the needle will not strike the same place 
twice. The frequency of the penetra- 
tion will depend upon the character of 
the material. If the sample is not re- 
tarded, it shall be tested every 2 min. 
until nearly set, and then every 1 min. 
If the sample is retarded, it shall be 
tested at such intervals as are necessary 
to determine whether it complies with 
the requirements for time of setting for 
the product tested. Set shall be con- 
sidered complete when the needle no 
longer penetrates to the bottom of the 
paste. The elapsed time in minutes from 
the time when the sample was first added 
to the water to the time when set is com- 
plete shall be recorded as the time of 
setting of the sample. 

Note. — When the material to be tested is 
g 3 iTpsum ready-mixed sanded plaster, a 300-g. 
sample shall be mixed to normal consistency for 
sanded gypsum mixture. 

ih) Gypsum Neat Plaster. ~~Gyg~ 
sum neat plaster shall be tested for time 
of setting as mixed with three parts by 
weight of standard sand that has been 
washed and dried in accordance with 
the procedure described in Section iS 
(c). A 100-g. sample of the gypsum 
neat plaster and 300 g. of the standard 
sand shall be mixed dry, and then suffi- 


cient water added to produce a mixture 
of normal consistency for sanded gypsum 
mixtures as described in Section 21 {h). 
The mortar shall be placed in the conical 
rings and tested for time of setting as 
described in Paragraph {a). Until set, 
the test specimens shall be stored in a 
cabinet at a temperature of not. less 
than 68 F, (20 C.) nor more than 72 F. 
(22.2 C.) in an atmosphere having a 
relative humidity of not less than 85 nor 
more than 100 per cent. The speci- 
mens shall not be tested with the Vicat 
needle until they show evidence of 
stiffening or setting. Excessive pene- 
tration of the mix with the needle tends 
to accelerate the setting time. For 
plaster setting in less than 5 hr. the 
setting time shall be determined to the 
nearest 15-min. interval, and for plaster 
setting in more than 5 hr., to the nearest 
30-min. interval. 

Tensile Strength 

Apparatus 

27. {a) Molds. — The molds for mak- 
ing test specimens shall be made of 
noncorroding material and shall have 
sufl&cient material in the sides to prevent 
spreading during molding. The dimen- 
sions of the briquet molds shall conform 
to the following requirements: width of 
mold, between insicle faces, at waist line 
of briquet, 1 in. with permissible varia- 
tions of plus or mmus 0.01 in. for old 
molds and plus or minus 0,005 m. for 
new molds; thickness of new mold, 
measured at point of greatest thickness 
on either side of mold at waist line, 1 in. 
with permissible variations of plus 
0,004 in. and minus 0.002 in. 

(6) Testing Machine. — ^Any form of 
universal testing machine suital^le for 
making tension tests may be used. 

Test Specimen 

28. (a) All Calcined Gypsum Prod- 
ucts Except Gypsum Neat Plaster. — A 
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S00"g. sample (Note) shall be mixed to 
normal consistency in accordance with 
Sections 19 to 21 and cast in a briquet 
mold of the shape and size shown in 
Fig. 3. Before being filled, the molds 
shall be oiled with a thin film of mineral 
oil. The briquet specimens shall not 
be cast successively, but instead, the 
containing vessel shall be moved back 
and forth over the molds while pouring 
continuously. The briquets shall be 
worked slightly with the point of the 



Fig. 3. — Briquet Specimen for Tensile Strength 
Test. 


trowel to remove air bubbles and leveled 
off flush with the top of the mold. The 
briquet shall be retained not less than 
24 hr. in the mold in moist air until 
thoroughly hardened. The specimens 
shall then be removed from the mold 
and dried at not less than 70 F. (21.1 
C.) nor more than 100 F. (37.8 C.) in an 
atmosphere having a relative humidity 
of not more than 50 per cent. The 
specimen shall be weighed at 1-day in- 
tervals until the weight has become con- 
stant to within 0.1 per cent. 


Note. — When the material to be tested is 
gypsum ready-mixed sanded plaster, a sample of 
not less than 750 g. shall be used and niixed to 
normal consistency for sanded gypsum mi.xture. 

(b) Gypsum Neat Plaster.— -Gypsum 
neat plaster, both fibered and unfibered, 
shall be tested for tensile strength as 
mixed with two parts of. standard sandj 
fibered plaster shall be sieved through a 
No. 6 (3360-niicron) sieve to remove the 
major portion of the long fibers present. 
A 2S0-g. sample of the gypsum neat 
plaster and 500 g. of standard sand 
shall be mixed dry, and then sufficient 
water added to produce a mixture of 
normal consistency in accordance with 
Section 21 ip). The mortar shall be 
cast into the molds as described in Para- 
graph (a), except that the molds shall 
be so filled as to allow a slight excess of 
the mortar to extend above the top of 
the molds. After the mortar has set, 
the excess mortar shall be screeded from 
the top of the molds with a broad knife 
or similar implement. The mortar bri- 
quet specimens shall be dried as de- 
scribed in Paragraph (o). 

Procedure 

29. As soon as the briquet specimens 
have been dried (Section 28) their ten- 
sile strengths shall be determined. 

Report 

30. The average tensile strength shall 
be reported as the tensile strength of 
the material, except that if the strengths 
of one or two of the briquets vary more 
than 15 per cent from the average of the 
five, they shall be discarded and the 
tensile strength shall be reported as the 
average of the remaining specimens. 
In case the tensile strengths of three or 
more briquet specimens vary more than 
15 per cent from the average, the results 
shall be discarded and the test repeated. 
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Compressive Strength 
Test Specimens 

31. A 1500-g. sample shall be mixed 
to normal consistency as described in 
Sections 19 to 21, and cast into five 2-in, 
split-cnbe molds set plumb upon metal 
or glass plates. The cubes shall not be 
cast successively, but instead, the con- 
taining vessel shall be moved back and 
forth over the molds while pouring con- 
tinuously. The cubes shall be worked 
slightly with the point of the trowel to 
remove air bubbles, and leveled off flush 
with the top of the molds. The cubes 
shall be retained not less than 24 hr. in 
the molds in moist air until thoroughly 
hardened. The specimens shall then be 
removed from the molds and dried at a 
temperature of not less than 70 F. 
(21.1 C.) nor more than 100 F. (37.8 C.) 
in an atmosphere having a relative 
humidity of not more than 50 per cent. 
The specimens shall be weighed at 1-day 
intervals until the weight has become 
constant to within 0.1 per cent. 

Procedure 

32. As soon as tho cube specimens 
have been dried (Section 31) their com- 
pressive strengths shall be determined. 

Report 

33. The average compressive strength 
shall be reported as the compressive 
strength of the material, except that if 
the strengths of one or two of the cubes 
vary more than 15 per cent from the 
average of the five, they shall be dis- 
carded and the compressive strength 
shall be reported as the average of the 
remaining specunens. In case the ten- 
sile strengths of three or more cubes 
vary more than 15 per cent from the 
average, the results shall be discarded 
and the test repeated. 


Determination of Sand in Set 
Plaster 

Ammonium Acetate Method 

34. Any method for the determination 
of the sand content of set gypsum plaster 
requires for accurate results the follow- 
ing determinations: 

{a) Determination of the percentage 
of insoluble matter in the sand used with 
the plaster, 

(6) Determination of the percentage 
of insoluble matter in the gypsum neat 
plaster, and 

{c) Determination of the percentage 
of insoluble matter in the sanded cal- 
cined plaster. 

Note,-— I f samples of the original gypsum neat 
plaster and the sand are not available, an 
approximation of the insoluble matter may be 
obtained by use of this method on plaster and 
sand from the same sources as those from which 
the plaster to be analyzed was originally pre- 
pared. 

Sampling 

35. Where plaster to be tested is part 
of a two-coat or three-coat plastering 
operation, the sample for analysis shall 
be taken from that portion of the entire 
plaster sheet which comprises the single 
coat being tested. Succeeding coats of 
plaster shall be separated by use of a 
stiff putty knife or similar implement. 
At least 500 g. shall be taken as a sam- 
ple, the sample preferably being obtained 
from different sections of the wall or ceil- 
ing under examination. 

Procedure 

36. {a) In a clean porcelain mortar, 
grind the set-plaster sample to the size 
of the largest sand particles present, or 
smaller, so that approximately 100 per 
cent of the sample will pass a No. 8 
(2380-micron) sieve. Fine grinding 
makes solution of the gypsum faster. 
Place about 200 g. of the ground sample 
in a porcelain casserole or evaporating 
dish, and calcine on a sand bath. Stir 
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the sample continuously with a ther- 
mometer during the heating, and adjust 
the rate of heating so that 20 to 30 min. 
will be required to raise the temperature 
of the sample to 320 ± 9 F. (160 ± 5 C.). 
Cool the sample to room temperature. 

(b) After cooling, weigh accurately 
20 =h 0.05 g. of the calcined sample into 
a 600-ml. beaker. Add 300 to 350 ml. 
of ammonium acetate (25 per cent), 
which should be slightly alkaline to 
litmus paper. If acidic, add a few milli- 
liters of diluted NH4OH (1 per cent) 
to the stock solution of ammonium ace- 
tate to render it slightly aUcaline prior 
to the addition to the test sample. 

(c) Warm the suspension to a tem- 
perature of 158 =h 9 F. (70 ± 5 C.) and 
stir continuously for 20 to 30 min. 
Filter the warm suspension with the 
aid of suction through a small Biichner 
funnel or Gooch crucible in which an 
asbestos mat or filter paper has pre- 
viously been formed, the funnel and mat 
having been dried at 230 F. (110 C.) 
to constant weight within 0.01 g. Re- 
filter the first 100 ml. of the filtrate. 
Wash the sand remaining in the beaker 
onto the filter with an additional 100 
ml. of warm ammonium acetate solution. 
Wash the beaker and residue with 200 
to 300 ml. of water, dry the funnel and 
sand at 212 F. (100 C.) to constant 
weight. Subtract the weight of the 
residue from the original weight of the 
sample to obtain the weight of the in- 
soluble matter. 

(d) Percentage of Insoluble Matter in 
Plaster. — Multiply the weight of the 
insoluble matter obtained in Paragraph 
(c) by 5 to obtain the percentage of in- 
soluble matter in the sanded plaster. 

(e) Percentage of Insoluble Matter in 
Sand. — Determine the weight of insol- 
uble matter in the sand as described in 
Paragraphs {a) to (c), except that no 
grinding of the sample is necessary. 
Multiply the weight of the insoluble 


matter obtained by 5 to obtain the per- 
centage of insoluble matter in the sand. 

(J) Percentage of Insoluble Matter in 
Gypsum Neat Plaster . — Determine the 
weight of insoluble matter in the gypsum 
neat plaster as described in Paragraphs 
{a) to (c), except that only a 5-g. sample 
is required and no grinding of the sample 
is necessary. Multiply the weight of 
the insoluble matter obtained by 20 
to obtain the percentage of insoluble 
matter in the gypsum neat plaster. 

Calculation 

37. {a) The percentage of -sand in the 
sanded plaster shall be calculated as 
follows : 

,, (C - 5)100 
A~B 

where: 

X = percentage of sand in sanded 
plaster, 

A = percentage of insoluble matter 
in the sand, 

B = percentage of insoluble matter 
in the gypsum neat plaster, 
and 

C = percentage of insoluble matter 
in the sanded plaster. 

(b) To express the results as a ratio 
of the parts of sand per part of plaster 
by weight, the following formula may be 
used: 

X 

Ratio of sand to plaster = ^ 

Note.— T he results obtained by the above 
procedure indicate the amount of sand originally 
mixed with the gypsum neat plaster before it 
had been gaged with water or set. 

Wood-Fiber Content in Wood-Fiber 
Gypsum Plaster 

Procedure 

38. (a) A 100-g. sample of wood-fiber 
plaster, prepared as described in Section 4 
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shall be placed on a No. 30 (590-inicron) 
sieve nested over a No. 100 (149-micron) 
sieve. The plaster on the No. 30 sieve 
shall then be washed with a stream of cold 
water, removing the No. 30 sieve when 
the fiber on it is practically or entirely free 
of plaster. The material on the No. 100 
sieve shall next be washed until the bulk 
of the jolaster has been washed through 
the sieve and the residue is mainly fiber. 
The material retained on the No. 100 
sieve shall then be transferred to a 3-qt. 
vitreous enamel lipped pan, adding the 
charge on the No. 30 sieve if the fiber 
contains any adhering particles of plas- 
ter. The material in the pan shall then 
be elutriated (purified by washing and 
straining, effecting as clean a separation 
of fiber from plaster as is feasible) catch- 
ing the elutriated fibers on a No. 100 
sieve. To avoid loss of the fine particles 
of fiber, it may be necessary to make the 
transfer from the pan to the No. 100 
sieve by several stages of washing, 
stirring the charge, and quickly pouring 
upon the sieve the fiber flotations, 
repeating the elutriation procedure 
several times. The fiber collected on 
the No. 100 sieve shall then be examined, 
and the elutriation shall be repeated if it 
seems desirable. 

{b) The sieves (or sieve, as the case 
may be) and the residue contained 
therein shall then be dried overnight in 
an oven maintained at a temperature of 
45 C, The sieves, or sieve, shall then 
be carefully inverted over a piece of 
white paper, and the residual material 
transferred to the paper by brushing the 
bottom of the inverted sieve. The 
transferred material shall then be ex- 
amined visually, noting whether the 
separation of fibers from plaster has 
been complete. The material shall then 
be transferred to a weighed platinum 
crucible and dried to constant weight 
at a temperature of 45 C. If the previ- 
ous visual examination of the charge on 
the white paper showed that the fiber 


was practically free of particles of 
plaster, the weight of the fiber dried at 
45 C., divided by 100, shall be reported as 
the percentage of fiber. If, on the other 
hand, the visual examination revealed 
the presence of an appreciable Cj[uantity 
of plaster associated with the fiber, the 
contents of the crucible shall be ignited 
carefully to constant weight. The loss 
on ignition, divided by 100, shall, in this 
case, be reported as the percentage of 
fiber. 

Compressive Strength of Gypsum 
Partition Tile or Block 
Test Specimens 

39. Not less than ten full-size tile or 
block, specimens shall be tested. The 
specimens shall be dried at a tempera- 
ture of not less than 70 F. (21,1 C.) nor 
more than 100 F, (37.8 C.) in an atmos- 
phere having a relative humidity of not 
more than 50 per cent. The specimens 
shall be weighed at 1-day intervals until 
constant weight is attained. At the 
option of the manufacturer or purchaser, 
strength tests may be conducted on 
specimens that are dried at room tem- 
perature. However, in cases of con- 
troversy all test specimens shall be dried 
to constant weight as herein prescribed. 

Procedure 

40. {a) The specimen shall be tested 
in the position in which the tile or block 
is designed to be used, and shall be 
bedded on and capped with a felt pad 
not less than | nor more than J in. in 
thickness. At the option of the manu- 
facturer or purchaser, or m cases of con- 
troversy, the specimens may be suitably 
capped with calcined gypsum mortar, or 
the bearing surfaces of the tile may be 
planed or rubbed smooth and true. 
When calcined gypsum is used for cap- 
ping, the test may be conducted after the 
capping has set and the specimen has 
been dried to constant weight in ac- 
cordance with Section 39. 
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(b) The loading head shall completely 
cover the bearing area of the specimen, 
and the applied load shall be transmitted 
through a spherical bearing block of 
proper design. The speed of the moving 
head of the testing machine shall be not 
more than 0.05 in. per min. 

Flexural Strength oe Gypsum 
Boards 

Test Specimens 

41, Test specimens shall be taken 
from not less than ten gypsum boards. 
The test specimens shall be 12 in. in 
width and a proximately 16 in. in length. 
The specimens shall be weighed to within 
0.5 g. and then stored at a temperature 
of 60 to 85 F. (15.6 to 29.4 C.) in an 
atmosphere having a relative humidity 
of 25 to 50 per cent. The specimens 
shall be weighed once a day until the 
weight has become constant to within 
0.1 per cent. 


Procedure 

42. The test specimen shall be cen- 
trally supported on fixed parallel bear- 
ings spaced 14 in. between centers, 
and the load-applying block shall be 
brought in contact with the upper sur- 
face of the specimen midway between 
the supports. All bearings and load 
surfaces shall be true, shall engage the 
full width of the test specimen, and shall 
be rounded to a radius of i in. The 
test load shall be applied at a uniform 
rate of 60 lb. per min. with a permissible 
variation of plus or minus 10 per cent in 
the rate. 

Report 

43. The results of the flexural strength 
tests shall be reported for the load ap- 
plied across the fiber of the surfacing 
and also parallel to the fiber of the sur- 
facing. 
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Accelerator. — In the case of stucco, plaster, 
mortar, concrete, etc., a substance which 
will hasten the set. 

Binder. — In the case of plaster and stucco, 
etc., a fibrous material, which will in- 
crease their cohesiveness, while they are 
in a plastic state. 

Cement. — A material or a mixture of ma- 
terials (without aggregate) which, when 
in a plastic state, possesses adhesive and 
cohesive properties, and which will 
harden in place. 

Note. — T he word “cement” is used with- 
out regard to the composition of the material. 

Calcined Gypsum. — Gypsum partially de- 
hydrated by means of heat, hav- 
ing the approximate chemical formula 
CaS 04 -|H 20 . 

Crushed Gypsum. — Gypsum subjected to 
a primary crushing operation. 

Gypsum."— Calcium sulfate, combined with 
two molecules of water, in crystalline 
form, having the approximate chemical 
formula CaSO* • 2 H 2 O. 

Gypsum Lath.— A sheet or slab having an 
incombustible core of gypsum, contain- 

1 Under the standardization procedure of the Society, 
these definitions are under the jurisdiction of the A,S.T.M. 
Committee C-11 on Gypsum. 

“ Prior to adoption as standard, these definitions were 
published as tentative from 1916 to 1926, being revised in 
1921, 1922, 1924, and 192S. 


ing not more than 15 per cent by weight 
of fiber, and surfaced with paper suitable 
to receive gypsum plaster. 

Gypsum Molding Plaster. — A material 
consisting essentially of calcined gypsum 
for use in making interior embellishments, 
cornices, etc. 

Gypsum Pottery Plaster . — 'k material con- 
sisting essentially of calcined gypsum for 
use in making pottery molds. 

Gypsum Partition Tile or Block. — A gypsum 
building unit in form of tile or block 
for use in nonbearing construction in the 
interior of buildings and for the protection 
of columns, elevator shafts, etc., against 
fire. 

Note 1. — The words “tile” and “block” are 
synonjunous and are used so as to be in ac- 
cord with certain freight association nomen- 
clature. 

Note 2. — Gypsum cored tile, 3 or 4 in. 
in thickness, may be split and used for fur- 
ring purposes. 

Gypsum Sheathing Board.— A sheet or slab 
having an incombustible core of gypsum, 
containing not more than 15 per cent by 
weight of fiber, and surfaced with a 
water-resistive paper. 

Gypstim Wall Board.— A sheet or slab 
having an incombustible core of gypsum, 
containing not more than 15 per cent by 
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weight of fiber, and surfaced with paper 
suitable to receive decoration. 

Keene’s Cement. — Anhydrous calcined gyp- 
sum, the set of which is accelerated by the 
addition of other materials. 

Lath. — A material whose primary function 
is that of a base or background for the 
reception of plaster or stucco. 

Mortar. — ^A material used in a plastic state, 
which can be troweled, and becomes hard 
in place, to bond units of masonry 
structures. 

Note. — The word “mortar” is used with- 
out regard to the composition of the material, 
and is defined only with reference to its use 
as a bonding material as contrasted with the 
words “stucco” and “plaster,” 

Plaster . — A material used in a plastic 
state, which can be troweled, to form a 
hard covering for the interior surfaces, 
walls, ceilings, etc., in any building or 
structure. , 

NoteI. — The word “plaster” is used with- 


out regard to the composition of the material, 
and is defined only with reference to its use 
and location of use as contrasted with the 
words “stucco” and “mortar.” 

Note 2. — ^This does not include decorative 
media ordinarily applied with a brush. 

Retarder. — ^In the case of stucco, plaster, 
mortar, concrete, etc., a substance which 
will retard the set. 

Sized Gypsum. — Crushed gypsum of pre- 
scribed size of individual particles. 

Stucco. — A material used in a plastic state, 
which can be troweled, to form a hard 
covering for the exterior w'alls or other 
exterior surfaces of any building or 
structure. 

Note. — ^The word “stucco” is used with- 
out regard to the composition of the material, 
and is defined only with reference to its use 
and location of use as contrasted with the 
words “plaster” and “mortar.” 

Wood Fiber. — A material produced by 
grinding or shredding wood. 
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Scope 

1. (a) These specifications cover con- 
crete building brick manufactured from 
a mixture of portland cement and suit- 
able aggregates such as sand, gravel, 
crushed stone, bituminous or anthracite 
cinders, burned clay or shale, or blast- 
furnace slag, and intended for use in 
brick masonry. Two grades* of brick 
are covered: 

Grade A . — Brick intended for use 
where exposed to temperature below 
freezing in the presence of moisture. 

Grade B . — Brick intended for use 
as back-up or interior masonry. 

Note. — As an example, brick in exposed 
masonry protected by a facing of 3 in. or 
more of suitable masonry. 

(5) When brick are required having 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-IS on Manufactured Masonry 
Units. 

5 Prior to adoption as standard, these specifications 
w,ere published as tentative from 1924 to 1934, being revised 
in t928 and 1933. Editorially revised and rearranged in 
1939. 

5 Attention is called to the fact that when these speci- 
fications were editorially revised and rearranged in 1939 
the designations of grades A and B were interchanged. 
The present grade A was formerly designated grade B, 
and grade B was designated grade A in the standard as 
published in the 1937 Supplement to Book of A.S.T.M. 
Standards, Part II. 


strengths greater than prescribed by 
these specifications, the purchaser should 
specify the desired minimum com- 
pressive strength. 

(c) If brick having a particular color, 
texture, finish, or uniformity are desired, 
these features should be specified sepa- 
rately by the purchaser. 

Physical Properties 

2. (a) The brick shall conform to the 
physical requirements for the grade* 
specified, as prescribed in Table I. 


table I.— physical REQUIREMENTS. 


i 

Designation 

Minimum 
Compressive 
Strength 
(brick flatwise) , 
psi., average 
gross area 

Minimum 
Modulus 
of Rupture 
(brick flatwise) 
psi., average 
gross area 

Average 
of 5 
Brick 

individ- 

ual 

Average 
of S 
Brick 

Individ- 

ual 

Grade A 

2500 

1250 

2000 

1000 

450 

300 

300 

200 

Grade B 



{b) Unless otherwise specified by the 
purchaser, brick of grade A shall be 
accepted in lieu of grade B. 
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Size 

3. Brick shall conform to the follow- 
ing dimensions: 

Permissible 
Dimension, Variation, 


Depth 2i ^ 

Width 3f i 

Length 8 | 


Visual Inspection 

4. Brick shall pass a visual inspection 
for freedom from cracks and irregularity. 

Sampling and Testing 

5. (a) For purpose of tests, brick that 


are representative of the commercial 
product shall be selected by a competent 
person appointed by the purchaser, the 
place or places of selection to be desig- 
nated when the purchase order is placed. 
The manufacturer or the seller shall 
furnish specimens for tests without 
charge. 

(b) The brick shall be sampled and 
tested in accordance with the Standard 
Methods of Sampling and Testing Brick 
(A.S.T.M. Designation: C 67) of the 
American Society for Testing Materials.^ 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Scope 

1. These specifications cover brick 
made from clay or shale and burned, 
and intended for use in brick masonry 
(see Explanatory Note). Three grades 
of brick are covered; 

Grade SW . — Brick intended for use 
where a high degree of resistance to 
frost action is desired and the exposure 
is such that the brick may be frozen 
when permeated with water. 

Note. — ^As a typical example, brick used 
for foundation courses and retaining walls 
in portions of the United States subject to 
frost action should conform to this grade. 
Compliance with this grade is also recom- 
mended where a high and uniform degree of 
resistance to disintegration by weathering is 
desired. 


* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-IS on Manufactured Masonry 
Units. 

> Prior to adoption as standard, these specifications 
were published as tentative from 1927 to 1929, being re- 
vised in 1928. They were adopted in 1929, published as 
standard from 1929 to 1938, being revised in 1930. A re- 
vision in the form of separate tentative specifications was 
issued from 1935 to 1944, being revised in 1936, 1937, 1939, 
1940, and 1941. 

Prior _to their publication as tentative in 1927, these 
specifications comprised a portion of the Standard Specifi- 
cations for Building Brick (C 21 - 20) which were published 
as tentative from 1919 to 1920, oeing revised in 1920, 
adopted in 1920, but withdrawn and replaced by C 62 - 27 T 


Grade MW . — Brick intended for use 
where exposed to temperatures below 
freezing but unlikely to be permeated 
with water or where a moderate and 
somewhat nonuniform degree of re- 
sistance to frost action is permissible. 

Note.— As a typical example, brick used 
in the face of a wall above ground should 
conform to this grade. Such exposure is not 
likely to result in permeation of a brick 
by water if horizontal surfaces are protected. 
(See discussion of grade MW in Explanatory 
Note.) 

Grade NW , — Brick intended for use 
as back-up or interior masonry, or if 
exposed, for use where no frost action 
occurs; or if frost action occurs where 
the average annual precipitation is 
less than 20 in. 

Physical Properties 

2. (a) Durability . — ^The brick shall con- 
form to the physical requirements for the 
grade specified, as prescribed in Table I. 

(5) Unless otherwise specified by the 
purchaser, brick of grades SW and MW 
shall be accepted in lien of grade NW, 
and grade ►S'PF in lieu of grade MW. 
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(c) If the average compressive 
strength is greater than 8000 psi. or the 
average water absorption is less than 
8.0 per cent after 24-hr. submersion in 
cold water, the requirement for satura- 
tion coefficient shall be waived. 

{d) Freezing and Thawing . — ^The re- 
quirements specified in Paragraph (a) 
for water absorption (5-hr. boiling) and 
saturation coefficient shall be waived 
provided a sample of five brick, meeting 
all other requirements, complies with the 
following requirements when subjected 


less than a previously graded sample, 
and has average and individual maxi- 
mum water absorption and saturation 
coefficient not greater than those of the 
previously tested sample graded accord- 
ing to the freezing-and-thawing test. 

(e) Strength . — ^When brick are required 
having strengths greater than prescribed 
by these specifications, the purchaser 
should specify the desired minimum 
compressive strength. 

Note. — h. recommended classification is that 
given in “Recommended Minimum Require- 


TABLE I. — PHYSICAL REQUIREMENTS. 


Designation 

Minimum Compressive 
Strength 
(brick flatwise), 
psi., 

gross area 

Maximum Water 
Absorption by S-hr. 
Boiling, 
per cent 

Maximum Saturation 
Coefficient® 

Average of 

5 Brick 

Individual 

Average of 

S Bridt ! 

Individual 

Average of 

S Brick 

Individual 

Grade SW 

3000 

2500 

17.0 

20.0 

0.78 

0.80 

Grade MW 

2500 

2200 

22.0 

25.0 

0.88 

0,90 

Grade NW 

1500 

1250 

no limit 

no limit 

no limit 

no limit 


*The saturation coefficient is the ratio of absorption by 24-hr. submersion in cold water to that after 5-hr. 
submersion in boiling water. 


to 50 cycles of the freezing-and-thawing 
test:“ 

Grade SW No breakage and not 

greater than 1.0 per cent 
loss in dry weight of any 
individual brick. 

Grade MW No breakage and not 

greater than 3.0 per cent 
loss in dry weight of any 
individual brick. 


® Brick are not required to conform to the provisions of 
Section 2 (d), and these do not apply unless the sample 
fails to conform to the requireinents for absorption and 
saturation coefficient prescribed in Table I as well as the 
strength and absorption requirements in Section 2 (c). 

A particular lot or shipment shall be 
given the same grading as a previously 
tested lot, without repeating the freez- 
ing-and-thawing test, provided the brick 
are made by the same manufacturer 
from similar raw materials and by the 
same method of forming; and provided 
also that a sample of five brick selected 
from the particular lot has an average 
and individual minimum strength not 


ments for Masonry Wall Construction,” Report 
of Building Code Committee of U. S. Depart- 
ment of Commerce (1931). In this report the 
following four grades of brick according to 
compressive strength, tested flatwise, are recog- 
nized; 1500 to 2500 psi, 2500 to 4500 psi, 4500 
to 8000 psi, and over 8000 psi. 

(/■) Appearance . — If brick having a 
particular color, texture, finish, uniform- 
ity or freedom from cracks, warpage, 
exposed stones, pebbles, or particles of 
lime are desired, these features should 
be specified separately by the purchaser, 
or a sample or samples should be selected 
to serve as a standard of comparison to 
which the brick furnished shall conform. 

Note,— M inor Mentations or surface cracks, 
incidental to the usual method of manufacture 
or the small chipping resulting from the cus- 
tomary methods of handling in shipment and 
delivery should not be deemed grounds for 
rejection unless particularly specified to the 
contrary. 
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Size and Coring 

3. (a) Size . — The size of brick shall 
be as specified by the purchaser within 
permissible variations of plus or minus 
3 ^ in. in depth, plus or minus | in. in 
width, and plus or minus | in. in length. 

Note. — The standard size of brick is 21 
by 3f by 8 in. At present, brick of this size 
are not produced in some parts of the United 
States and purchasers should ascertain the size 
or sizes available. 

(b) Coring . — The net cross-sectional 
area of brick shall be at least 75 per cent 
of the gross cross-sectional area (includ- 
ing holes), when measured in a plane 
parallel with the bearing surface of the 
brick. 

Visual Inspection 

4. (a) The brick, as delivered to the 
site, shall, by visual inspection, conform 
to the- requirements specified by the 
purchaser or to the sample or samples 
approved as the standard of comparison 
and to the samples passing the tests for 
physical requirements. 

(&) Unless otherwise agreed upon by 
the purchaser and the seller, a delivery 
of brick shall contain not more than 
5 per cent of broken brick (bats). 


Sampling and Testing 

5. (fl) For purpose of tests, brick that 
are representative of the commercial 
product shall be selected by a competent 
person appointed by the purchaser, the 
place or places of selection to be desig- 
nated when the purchase order is placed. 
The manufacturer or the seller shall 
furnish specimens for tests without 
charge. 

{h) The brick shall be sampled and 
tested in accordance with the Standard 
Methods of Sampling and Testing Brick 
(A.S.T.M. Designation; C 67) of the 
American Society for Testing Materials.® 

Cost of Tests 

6. Unless otherwise specified in the 
purchase order, the cost of tests shall be 
borne as follows: 

{a) If the results of the tests show 
that the brick do not conform to the 
requirements of these specifications, the 
costs shall be borne by the seller. 

Q}) If the results of the tests show that 
the brick do conform to the requirements 
of these specifications, the costs shall be 
borne by the purchaser. 


Explanatory Note 


Extensive tests of brick masonry as well as 
observations of masonry structures in the field 
indicate that the important properties of brick 
which affect the appearance and performance 
of masonry in buildings are size, color and tex- 
ture, compressive strength, durability, and suc- 
tion when laid. Data indicate that a low rate of 
suction (20 g. per min. or less) is desirable both 
from the standpoint of bond and watertightness, 
and since the suction rate of brick that normally 
have high rates of suction can be reduced to any 
predetermined value by wetting before laying, 
this property should not be included in specifica- 
tions for brick, but may properly be made a 
part of specifications governing workmanship. 

Other properties of brick such as density, 
soluble salt content, and homogeneity probably 


also affect the performance of the masonry. 
Data are not available, however, from which 
measures of those properties or their effects 
upon the masonry may be determined, and 
consequently there are no bases for controlling 
these factors through a specification. Their 
effects may be best judged by the record of 
performance of similar products. 

These specifications provide a basis for specify- 
ing the following properties of brick, which, as 
indicated above, appear to be important: 

Size . — ^The dimensions of the standard size 
brick, together with permissible variations, are 
given in Section 3 of these specifications. Many 
brick and solid units are produced in other 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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sizes, however, and when sizes other than 
standard are acceptable or required, such sizes, 
together with permissible variations in dimen- 
sions, should be specified by the purchaser. 

Color and Texture . — Brick are manufactured 
in a wide variety of colors and textures, neither 
of which have been standardized. Both color 
and texture are dif5,cult to describe and a com- 
plete list of the products now produced, if ob- 
tainable, would be too voluminous to include 
in a specification. These properties are covered 
in Section 2 (/) of these specifications, which 
provides that color, texture, finish, and uni- 
formity should be specified by the purchaser. 
The common practice is to refer to an approved 
sample. 

Cotnpressive Strength . — ^The compressive 
strength of brick produced in the United States 
ranges from 1000 psi. or less (under-burned) 
to over 20,000 psi. Data are available from 
which the compressive • strength of masonry 
walls may be predicted with reasonable accuracy 
if the strength of the brick and the strength of 
the mortar are known. In the great majority of 
cases, however, the compressive stresses in 
masonry walls are relatively low (under 100 psi.) 
and for such structures minimum compressive 
strengths of brick of from 1500 to 2500 psi. 
are ample. These minimum values are included 
in Section 2 {a) of these specifications; when 
brick having higher strengths are desired, the 
required strength should be specified by the 
purchaser as provided in Section 2 (e) . Strength 
gradings as set up by the Building Code Com- 
mittee of the U. S. Department of Commerce 
are included in this section. 

Durability . — ^Experience has indicated that 
any well-burned brick will resist the action of 
freezing and thawing over a long period of time 
and, from a structural standpoint, may be 
considered durable. There is a reasonably close 
correlation between the performance of brick 
in the freezing-and-thawing test and under the 
agents of weathering in masonry structures, 
and at the present time this test appears to be 
the best measure of the durability of brick. 
Freezing-and-thawing tests consist of subjecting 
the brick to alternate cycles (50 or more) of 
freezing and thawing in the presence of moisture, 
which requires a period of 10 weeks or more to 
complete. This makes it impractical as an 
acceptance test, and for this reason extensive 
research has been carried on to correlate other 
physical properties of brick with their resistance 
to the freezing-and-thawing test. 

For brick produced of the same raw material 
and by the same method of manufacture, either 
compressive strength or total absorption may 
be taken as fairly accurate measures of the 


resistance of such brick to the freezing-and- 
thawing test; however, limits on these proper- 
ties that apply to one product do not apply to 
products produced from different raw materials 
or by different manufacturing processes, and 
consequently they alone cannot be used as 
measures of durability in general specifications. 
A third property known as “saturation coeffi- 
cient”, when used in conjunction with com- 
pressive strength and total absorption by 5-hr. 
boiling, has been found to provide a means of 
predicting the resistance of most types of brick 
to freezing-and-thawing tests with greater 
accuracy than any other method developed to 
date. 

The saturation coefficient is the ratio of the 
absorption by 24-hr. submersion in cold water 
to the absorption after 5-hr. submersion in boil- 
ing water and is defined generally as the ratio 
of easily filled to total fillable pore space. The 
theory of the saturation coefficient is that if 
only a part of the total pore space is occupied by 
water there is room for expansion on freezing 
into the remaining pore space without disruption 
of the material. The data indicate that if the 
easily fillable pore space, that is, the maximum 
water that might be absorbed by a brick in a 
wall subjected to excessive moisture does not 
exceed 80 per cent of the total pore space, the 
remaining space will relieve the pressure due to 
expansion on freezing. 

While this theory seems to be applicable to 
many types of brick, it has been found that it 
does not apply to certain types of de-aired 
products. Strength and absorption are, there- 
fore, used as measures of durability for these 
products and their acceptance should be based 
upon Section 2 (c) of these specifications. 

The relationship also does not appear to hold 
for some brick of very high absorption (exceeding 
the maximum permitted in these specifications) 
and the acceptance of these products should be 
in accordance with Section 2 (d) which provides 
for special measures based upon actual freezing- 
and-thawing tests of the particular product. 

In classifying brick according to their 
resistance to the freezing-and-thawing test, 
they fell into three general groups as indicated 
in Table I of these Specifications: 

Grade SW wliich are not affected by the test, 
and whose appearance and structure remain 
unchanged. 

Grade MW which are for the most part well- 
burned brick but may include some brick 
which change materially in appearance when 
exposed to weathering. 

The limits for absorption and saturation 
coefficient in the grade MW classification have 
been set to include the average production of 
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those districts which do not grade or classify 
their kiln output beyond elimination of ex- 
tremely underburned (salmon) brick. These 
“kiln run” shipments frequently include a small 
percentage of brick which, on exposure to 
weathering, will lose their surfaces by powdering, 
flaking, or spalling, and thus produce an unsightly 
appearance of the exposed masonry surface. 
Data indicate that brick cannot be classified 
into intermediate durability. Actually grade 
MW includes a mixture of durable and non- 
durable brick. It should be emphasized, how- 
ever, that disintegration is not necessarily a 
characteristic of brick in this grade. Certain 
plants may supply brick under the grading, all 
of which remain unchanged in appearance even 
under severe conditions of exposure. The pur- 
chaser is advised to examine the field behavior 
of brick in districts where production classifies 
as grade MW and reach his own decision as to 
whether the appearance and condition of ma- 
sonry at the age of 10 or 20 years is satisfactory. 

Grade NW which includes underburned brick 
that will disintegrate when subjected to 
freezing and thawing. Such brick should 
not be used in structures that will be sub- 
jected to severe weathering. 


In using these specifications the purchaser is 
urged to consider both the requirements of the 
structure and the physical properties of the brick 
available. To a degree at least, brick are a 
natural product, since such properties as color, 
compressive strength, and absorption are more 
or less inherent in the raw material and fre- 
quently can be changed only within narrow lim- 
its by different methods of manufacture. While 
the committee believes that the specifications 
as they now stand provide the best means 
available of specifying the desirable properties 
of brick, it recognizes that the specifications 
are not perfect and that due to the wide varia- 
tion in raw materials and methods of manufac- 
ture, it is probable that some brick which do not 
conform to the requirements of grade SW 
still have satisfactory durability. It may also 
be true that some products which meet these 
requirements, particularly of grade MW, do 
not have satisfactorj’- resistance to weathering. 
For this reason and because of the lack of data 
on some properties that may have an important 
bearing upon the performance of masonry, the 
purchaser should be guided to a degree by the 
record of performance of any particular product. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A78.1-1942 


Standard Specifications for 
SAND-LIME BUILDING BRICK^ 



A.S.T.M. Designation: C 73 - 39 

Adopted, 1939.2 

Reapproved in 1944 Without Change. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 73; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) These specifications cover brick 
made from sand and lime and intended 
for use in brick masonry. Three grades 
of brick are covered: 

GraAe — Brick intended for use 

where exposed to temperature below 
freezing in the presence of moisture. 

Note. — As a typical example, brick used 
for foundation courses and parapets in the 
northeastern quarter of the United States 
should conform to grade SW. 

Grade MW . — Brick intended for use 
where exposed to temperature below 
freezing but unlikely to be saturated 
with water. 

Note. — As a typical example, brick ex- 
posed in the face of the wall other than 
parapet or foundations, or brick intended for 
structures located in regions of the United 
States characterized by less severe frost 
action or by drier climate than is found in the 


1 Under tlie standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-15 on Manufactured Masonry 
Units. 

2 Prior to their present adoption as standard, these 
specifications were published as tentative from 1928 to 
1930. They were adopted in 1930, published as standard 
from 1930 to 1938, being revised in 1937, but withdrawn and 
republished as tentative from 1938 to 1939. 


northeastern quarter of the United States, 
should conform to grade MW. 

Grade AIF. — Brick intended for use 
as back-up or interior masonry or if 
exposed, for use where no frost action 
occurs; or if frost action occurs where 
the average annual precipitation is 
less than 15 in. 


TABLE I. — PHYSICAL REQUIREMENTS. 


Designation 

j 

Minimum 
Compressive 
Strength 
{brick flatwise), 
psi., average 
gross area 

Minimum 
Modulus 
of Rupture 
(brick flatwise) , 
psi., average 
gross area 

Average 
of 5 
Brick 

Individ-I 

ual 

Average 
of 5 
Brick 

Individ- 

ual 

Grade SW 

4500 

3500 

600 

400 

Grade MW 

2500 

2000 

450 

300 

Grade NW 

1500 

1500 

300 

200 


(6) When brick are required having 
strengths greater than prescribed by 
these specifications the purchaser should 
specify the desired minimum compres- 
sive strength. 

(c) If brick having a particular color, 
texture, finish, or uniformity are desired, 
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these features should be specified sepa- 
rately by the purchaser. 

Physical Properties 
2, (a) The brick shall conform to the 
physical requirements for the grade 
specified, as prescribed in Table I. 

(b) Unless otherwise specified by the 
purchaser, brick of grades SW and MW 
shall be accepted in lieu of grade NW 
and grade SW in lieu of grade MW. 


Size 


3. Brick shall conform to the follow- 

ing dimensions: 

Dimension, 

Permissible 
Variation, 
plus or minus. 


in. 

in. 

Depth 

... 2i 

i 

Width 

... 3| 

i 

Length 

... 8 

i 


Visual Inspection 

4. Brick shall pass a visual inspec- 
tion for soundness, compact structure. 


reasonably uniform shape, and free- 
dom from the following: cracks, warp- 
age, large pebbles, balls of clay, or 
particles of lime that would affect the 
serviceability or strength of the brick. 

Sampling and Testing 

5. (a) For purpose of tests, brick that 
are representative of the commercial 
product shall be selected by a competent 
person appointed by the purchaser, the 
place or places of selection to be desig- 
nated when the purchase order is placed. 
The manufacturer or the seller shall 
furnish specimens for tests without 
charge. 

(b) The brick shall be sampled and 
tested in accordance with the Standard 
Methods of Sampling and Testing Brick 
(A.S.T.M. Designation: C 67) of the 
American Society for Testing Materials.® 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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PAVING BRICKS 



A.S.T.M. Designation: C7-42 
Adopted, 1942.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 7; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover vitrified 
clay brick for use in the construction 
of pavements. 

Manufacture 

2. Paving brick shall be manufactured 
from fire clay, semi-fire clay, or shale, or 
combinations thereof. The manufac- 
turing process shall be such that the 
brick are thoroughly . annealed, tough, 
durable, and evenly burned so that, 
when broken, they show a uniformly 
dense structure free from lime, air 
pockets and marked laminations. The 
name of the brick or the manufacturer 
shall be impressed on the side or end of 
each brick in recessed letters. 


tions or lugs measured at the base of 
the lug shall not exceed in total area 3 
sq. in. No lug shall be continuous from 
top to bottom of the brick, but shall be 
of a type that allows free horizontal flow 
of the filler. 

(J) End, Lugs . — Vertical fiber brick 
shall be provided with not less than two 
noncontinuous lugs or portions of lugs 
on each end of each brick. Lugs shall 
be nonmeshing and shall have a total 
base area of not more than 2| sq. in. 
and shall be manufactured so there may 
be free horizontal flow of the filler. The 
lugs shall project from the ends so as 
to insure a joint opening of in. with 
a permissible variation of plus or minus 
^ in. 


Lugs 


3. (a) Side Lugs . — The brick shall be 
provided on one side with not less than 
two lugs, which shall be i^ in. in height 
with a permissible variation of plus or 
minus jt in. The area of the projec- 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-15 on Manufactured Masonry 
Units. 

2 Prior to their present adoption as standard, these 
specifications were published as tentative from 1913 to 
1915, being revised in 1914. They were adopted in 1915, 
published as standard from 1915 to 1937, being revised in 
1923 and 1930, but withdrawn, revised, and republished 
as tentative from 1937 to 1942, being revised in 1938 and 


Types and Sizes 


4. {a) Paving brick shall conform to 
the following types and nominal sizes. 
The dimensions of the brick shall be 
construed as applying to the body of the 
brick only, exclusive of lugs. 


Depth, Width, Length, 


Repressed lug brick . 
Vertical fiber lug 
brick 


WirP-riit Inor Kri/.'lr 


4 

4 


8 | 

8i 
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Note. — T hese sizes and varieties correspond 
to those described in Simplified Practice Rec- 
ommendation R 1-40® of the U. S. Department 
of Commerce, and are subject to change from 
year to year. 

(1) The edges of repressed brick shall 
be rounded to a radius of not more than 
3 ^ in. 

Permissible Variations in Size 

5. For any lot of paving brick fur- 
nished under these specifications, the 
individual brick shall not vary from the 
nominal size requirements specified in 
Section 4 (a) by more than plus or minus 
I in. in either transverse dimension, ex- 
clusive of kiln marks, or by more than 
plus or minus i in. in length. 

Loss in Rattler Test 

6. (a) The percentage of loss in the 
rattler test of the respective sizes of 
paving brick specified shall not exceed 
the following limits: 

Maximum 
Loss in 

Length, Rattler 

in. Test, per cent 

8| 26 


(J) The total number of pieces weigh- 
ing 1 lb. or more remaining after the 
completion of the rattler test shall not 
exceed 12. 

Visual Inspection 

7. Paving brick shall be subject to 
visual inspection prior to shipment, 
after delivery, and during laying for the 
purpose of culling out and rejecting 
individual imperfect brick. Subject to 
the exceptions specified in Paragraph 
(6), individual brick may be culled and 
rejected for the following causes: 

(a) Variation in Size. — Brick which 
vary from the nominal size specified in 
Section 4 (a) by more than plus or minus 

= Reaffirmed without change June 29, 1943. Copies are 
available at S cents each from the Superintendent of 
Uo^ments, Government Printing Office, Washington, 


Size of Brick, 
Transverse 
Dimensions, 
in. 

2| by 4 
3 by 4 
3| by 4 


I in. in either transverse dimension, ex- 
clusive of kiln marks, or by more than 
plus or minus | in. in length. 

(b) Broken or Chipped Brick. — Brick 
which are chipped or broken so that 
neither wearing surface remains sub- 
stantially intact, or so that the lower, or 
bearing surface is reduced in area more 
than 15 per cent, or are weakened 
structurally. However, brick so re- 
jected but otherwise acceptable may be 
used for part-brick for beginning courses 
and for batting provided the portion so 
used conforms to all of the requirements 
for visual inspection. 

(c) Cracked Brick. — Brick which are 
cracked to such a degree, either from 
shocks received in shipping and handling 
or from defective manufacture, as to 
produce defects described in Paragraph 
(&), unless such cracks are plainly 
superficial, and insufficient to weaken 
the brick under the conditions of use. 

(d) Warped or Kiln-Marked Brick . — ^ 
Brick which are kiln-marked more than 

in. or which are misshapen, bent, or 
twisted so that they will not form a 
proper surface, or align with other brick 
in conformance with the specifications 
for laying brick in the pavement. 
Vertical fiber brick shall have no kiln- 
marks in the wire cut surface. 

(e) Under-Burned Brick. — Brick 
which are obviously too soft and too 
poorly vitrified to endure traffic wear. 
If disagreement on this requirement 
arises between the purchaser and the 
seller it shall be the right of the purchaser 
to make one or more rattler tests of the 
brick he wishes to exclude, and if in any 
or all tests the brick fail to conform to 
the requirements of these specifications, 
then all brick having the same objec- 
tionable appearance may be excluded. 

Basis of Acceptance 

8. Acceptance of any lot of paving 
brick shall be based on the results of 
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tests on samples representing that lot, 
subject only to rejection at any time of 
individually imperfect or unsatisfactory 
brick, in accordance with the require- 
ments under Section 6. 

Retesting . . 

9. (a) If the percentage of loss in the 
rattler test on any sample exceeds by 
not more than 2 per cent the maximum 
permissible rattler loss specified in 
Section 6 (a) for the size specified, or if 
the number of pieces weighing 1 lb. or 
more remaining after the completion of 
the rattler test exceeds 12 as specified in 
Section 6 (b), two additional tests shall 
be made. Each of these additional tests 
shall comply with the requirements of 
both Section 6 (a) and (b) and, in addi- 
tion, the average rattler loss for the 
three tests shall not exceed the maximum 
permissible loss specified in Section 6 (a). 

(b) Where a lot of paving brick is 
rejected for failure to meet the test 
requirements prescribed in these specifi- 
cations, the purchaser may, at his 
option, permit the seller to regrade the 
rejected brick and again offer the brick 
for test and acceptance. The regraded 
brick shall be resampled and tested and 
if they again fail, the purchaser may 
definitely and finally reject the lot 
represented by the test. 


any lot or lots, shall be paid by the 
seller; provided, however, that if the 
supplemental tests show the brick under 
examination to be acceptable, then the 
cost of such tests shall be paid by the 
purchaser. 

Rattler Test 

Sampling 

11. (a) Selection of Sample , — The 
sample for the rattler test shall consist of 
ten whole undamaged brick which 
conform individually to the visual in- 
spection requirements specified in Sec- 
tion 7. Samples shall preferably be 
selected at the place of manufacture and 
tested prior to shipment. However, in 
special cases where less than 100,000 
brick are involved, samples, when re- 
quired, may be selected subsequent to 
delivery at the destination. 

(5) Number of Samples , — In general, 
one sample shall be selected for each 
15,000 brick or fraction thereof; pro- 
vided, however, that when the sampling 
is done at the place of manufacture prior 
to shipment and the total number of 
brick involved is more than 100,000 
brick, the number of brick for which 
one sample is considered representative 
may be increased at the option of the 
purchaser to not more than 50,000 brick. 


Pa3mient for Cost of Testing 

10. Unless otherwise agreed, the seller 
shall furnish at the place of manufacture, 
without charge to the purchaser, the 
use of an approved rattler in- efi&cient 
operating condition, conforming to the 
requirements specified in Section 12. 
Payment of the cost of testing shall be 
made by the purchaser, except that the 
cost of testing additional samples in 
accordance with Section 9, made neces- 
sary by the failure of any lot or lots, or of 
testing supplemental samples to deter- 
mine the acceptability of a portion of 


Apparatus 

12. The machine^ used in the rattler 
test shall be of good mechanical con- 
struction, self-contained, and shall con- 
form to the following details as regards 
the material and dimensions. It shall 
consist of a barrel, frame, and driving 
mechanism as described in Sections 
13 to 15. 


specified is available from the Headquarters of the Ameri- 
can Society for Testing Materials, 260 S. Broad St., 
Philadelphia 2, Pa. This illustration was published pre- 
viously as plate I of the 1936 Book of A.S.T.M, Standards, 
Part n,p. 128. 
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Barrel 

13. The barrel of the machine shall 
consist of the heads, headliners, staves, 
and staveliners comforming to the 
following requirements: 

(a) Heads . — The heads may be cast 
in one piece with the trunnions which 
shall be 2^ in. in diameter and shall 
have a bearing 6 in. in length; or they 
may be cast with heavy hubs which shall 
be bored out for 2i^-in. shafts and shall 
be key-seated for two keys, each | by f 
in. and spaced 90 deg. apart. The 
shaft shall be a snug fit and when keyed 
shall be entirely free from lost motion. 
The distance from the end of the shaft 
or trunnion to the inside face of the 
head shall be 15| in. for the head of the 
driving end of the rattler and Ilf in. 
for the other head, and the distance 
from the face of the hubs to the inside 
face of the heads shall be 5| in. 

The heads shall not be less than f 
nor more than I in. in thickness. In 
outline, each head shall be a regular 
14-sided polygon inscribed in a circle 
28f in. in diameter. Each head shall be 
provided with flanges not less than | in. 
in thickness, and extending outward 
2§ in. from the inside face of the head to 
afford a means of fastening the staves. 
The surface of the flanges of the head 
shall be smooth and give a true and 
uniform bearing for the staves. To 
secure the desired true and uniform 
bearing, the surfaces of the flanges of the 
head shall be either ground or machined. 
The flanges shall be slotted on the outer 
edge, so as to provide for two |-in. 
bolts at each end of each stave, the 
slots to be if in. in width and 2| in. 
center to center. Each slot shall be 
provided with a recess for the bolt head, 
w'hich shall act to prevent the turning 
of the same. Between each two slots 
there shall be a brace f in. in thickness 
extending not less than 2 in. down the 
outward side of the head. 


(b) Headliners . — There shall be for 
each head a cast-iron headliner, 1 in. in 
thickness and conforming to the outline 
of the head, but inscribed in a circle 
28| in. in diameter. This headliner 
shall be fastened to the head by seven 
|-in. cap screws, through the head from 
the outside. Whenever these headliners 
become worn down | in. below their 
initial surface level, at any point of their 
surface, they shall be replaced with new 
ones. The metal of these headliners 
shall be hard machinery iron and should 
contain not less than 1 per cent of 
combined carbon. 

(f) Staves . — The staves shall be made 
of 6-in. medium-carbon steel structural 
channels 27| in. in length and weighing 
15.5 lb. per lineal foot. The staves 
shall have two holes H in. in diameter 
drilled in each end, the center line of the 
holes being 1 in. from the end and If in. 
either way from the longitudinal center 
line. The spaces between the staves 
shall be as uniform as practicable, but 
shall not exceed in. 

(d) Staveliners . — The interior or flat 
side of each stave shall be protected by a 
liner | in. in thickness by 5| in. in width 
by 19| in. in length. The liner shall 
consist of medium-carbon steel plate, and 
shall be riveted to the channel by three 
|-in. rivets, one of which shall be on the 
center line both ways and the other two 
on the longitudinal center line and 
spaced 7 in. from the center each way. 
The rivet holes shall be countersunk on 
the face of the liner and the rivets shall 
be driven hot and chipped off flush with 
the surface of the liners. These liners 
shall be inspected from time to time, 
and if found loose shall be at once re- 
riveted. 

{e) Relining.—dd^Q stave shall be used 
for more than 70 consecutive tests 
without renewing its lining. Two of the 
14 staves shall be removed and relined 
at a time in such a way that of each 
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pair one falls upon one side of the barrel 
and the other upon the opposite side, 
and also so that the staves changed 
shall be consecutive but not contiguous; 
for example, 1 and 8, 3 and 10, 5 and 

12, 7 and 14, 2 and 9, 4 and 11, 6 and 

13, etc., to the end that the interior of 
the barrel at all times shall present the 
same relative conditions of repair. The 
changes in the staves should be made at 
the time when the shot charges are being 
corrected, and the record must show the 
number of charges run since the last 
pair of new lined staves was placed in 
position. 

(/) Construction , — The staves when 
bolted to the heads shall form a barrel 
20 in. in length, inside measurement, 
between headliners. The liners of the 
staves shall be so placed as to drop 
between the headliners. The staves 
shall be bolted tightly to the heads by 
four f-in. bolts and each bolt shall be 
provided with a locknut and shall be 
inspected at not less frequent intervals 
than every fifth test and all nuts kept 
tight. A record shall be made after 
each inspection showing in what condi- 
tion the bolts were found. 

Barrel Frame 

14. The barrel shall be mounted on a 
cast-iron frame of sufficient strength and 
rigidity to support it without undue 
vibration. It shall rest on a rigid 
foundation with or without the inter- 
position of wooden plates, and shall be 
ffistened thereto by bolts at not less 
than four points. 

Driving Mechanism 

15. The barrel shall be driven by 
gearing whose ratio of driver to driven 
is not less than one to four. The 
counter shaft upon which the driving 
pinion is mounted shall not be less than 
ItI in. in diameter, with bearing not 
less than 6 in. in length. If a belt drive 


is used, the pulley shall be not less than 
18 in. in diameter and in. in face. A 
belt at least 6 in. in width, properly 
adjusted to avoid unnecessary slipping, 
should be used. 

Preliminary Operation 

16. When a new rattler in which a 
complete set of new staves is furnished 
is first put into operation, it shall be 
charged with 400 lb. of shot of the same 
sizes and in the same proportion as 
provided in Section 17, and shall then 
be run for 18,000 revolutions at the rate 
of speed specified in Section 21 {a). 
The shot shall then be removed and a 
standard shot charge inserted, after 
which the rattler may be charged with 
brick for a test. 

Abrasive Charge 

17. The abrasive charge shall consist 
of cast-iron spheres of two sizes: 

[а) Large Spheres ,- — When new, the 
larger spheres shall be 3.75 in. in diame- 
ter and shall weigh approximately 7.5 lb. 
(3.40 kg.) each. Ten spheres of this 
size shall be used. These shall be 
weighed separately after each ten tests, 
and if the weight of any large sphere 
falls to 7 lb. (3.175 kg.) it shall be 
discarded and a new one substituted; 
provided, however, that all of the large 
spheres shall not be discarded and 
substituted by new ones at any single 
time, and that in so far as possible the 
large spheres shall compose a graduated 
series in various stages of wear. 

(б) SmcUl Spheres . — When new, the 
smaller spheres shall be 1.875 in. in 
diameter and shall weigh approximately 
0.95 lb, (0.43 kg.) each. In general, 
the number of small spheres in a charge 
shall not fall below 245 nor exceed 260. 
The collective weight of the large and 
small spheres shall be as nearly 300 lb. as 
possible. No small sphere shall be 
retained in use after it has been worn 
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down so that it will pass a circular hole 
1.75 in. in diameter, drilled in an iron 
plate J in. in thickness, or weigh less 
than 0.75 lb. (0.34 kg.) 

Further, the small spheres shall be 
tested by passing them over the plate 
mentioned or by weighing, after every 
ten tests, and any which pass through or 
fall below the specified weight shall be 
replaced by new spheres; provided, 
however, that all of the small spheres 
shall not be rejected and replaced by 
new ones at any one time, and that in so 
far as possible the small spheres shall 
compose a graduated series in various 
stages of wear. At any time that any 
sphere is found to be broken or defective 
it shall at once be replaced. 

Chemical Composition of Abrasive 

Charge 

18. (a) The cast-iron abrasive spheres 
shall conform to the following require- 
ments as to chemical composition: 


Combined carbon, min., per cent 2.50 

Graphitic carbon, max., per cent 0.25 

Manganese, max., per cent 0.50 

Phosphorus, max., per cent 0.25 

Sulfur, max., per cent O .OS 

Silicon, max., per cent 1.00 


(b) For each new batch of spheres 
used, the chemical analysis shall be 
furnished by the maker or be obtained 
by the user before introducing the 
spheres into the abrasive charge, and 
Unless the analysis conforms to the 
requirements specified the batch of 
spheres shall be rejected. 

Scales 

19. The scales used shall be placed 
on a solid level foundation and shall be 
sufficiently sensitive to determine the 
initial weight of 10 brick to the nearest 
0.1 Ib. The scale shall be tested by a 
standard test weight at intervals of not 
more than every ten tests. 


Test Specimen 

20. The. number of brick per test shall 
be ten whole brick for ail weights of 
brick, and the brick shall be weighed to 
the nearest 0.1 lb. Brick shall be surface 
dry when tested. No brick should be 
selected as part of a regular test that 
would be rejected by any other require- 
ments of the specifications under which 
the purchase is made. 

Procedure 

21. (a) The test specimen and the 
abrasive charge shall be placed in the 
rattler and the machine rotated for 
1800 revolutions at a rate of not less 
than 29.5 nor more than 30.5 rpm. A 
counting machine shall be attached to 
the rattler for counting .the revolutions. 
A margin not to exceed ten revolutions 
will be allowed for starting and stopping. 
Only one start and stop per test is, in 
general, acceptable. If from accidental 
causes, the rattler is stopped and started 
more than once during a test, and the 
percentage loss exceeds the maximum 
permissible under the specifications, the 
test shall be disqualified and another 
made. 

(b) Any test, at the expiration of 
which a staveliner is found detached 
from the stave or seriously out of posi- 
tion, shall be rejected. 

Percentage Loss of Weight 

22. The loss shall be calculated as a 
percentage of the original weight 'of the 
brick composing the charge, by weighing 
the brick remaining in the rattler at the 
end of the test, deducting this weight 
from the original weight of the brick, 
dividing this difference by the original 
weight of the brick and multiplying by 
100, as follows: 

Percentage of loss = 

original wt. — wt. after testing 

. « * , ^ 100 
origmal wt. 
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In weighing the rattled brick, any piece 
weighing less than 1 lb. shall be rejected. 

Rattler Record 

23. (a) A complete and continuous 
record shall be kept of the operation of 
all rattlers working under the rattler 
test. This record shall contain the 
following data concerning each test 
made: 

1. The name of the person, firm, or corpora- 
tion furnishing each sample tested. 

2. The name of the manufacturer of the 
brick represented in each sample tested. 

3. The name of the street or contract which 
the sample represented. 

4. The brands or marks upon the brick by 
which they were identified. 

5. The number of brick furnished. 

6. The date on which they were received for 
test. 

7. The date on which they were tested. 

8. The drying treatment given before testing, 
if any. 

9. The length, width, and depth of the brick. 

10. The collective weight of the ten large 
spherical shot used in maldng the test, at the 
time of their last standardization. 

11. The number and collective weight of the 
small spherical shot used in making the test, 
at the time of their last standardization. 

12. The total weight of the shot charge, after 
its last standardization. 

13. Certificate of the operator that he ex- 
amined the condition of the machine as to 


staves, liners, and any other parts affecting the 
barrel, and found them to conform to the require- 
ments at the beginning of the test. 

14. Certificate of the operator as to the 
number of charges tested since the last stand- 
ardization of shot charge and last renewals of- 
stave liners. 

15. The time of the beginning and ending of 
each test and the number of revolutions made 
by the barrel during the test, as shown by the 
counting machine. 

16. Certificate of the operator as to the 
number of stops and starts made in each test. 

17. The initial collective weight of the ten 
brick composing the charge and their collective 
weight after rattling. 

18. The number of broken brick and remarks 
upon the portions which were included in the 
final weighing. 

19. General remarks upon the test and any 
irregularities occurring in its execution, 

20. The certificate of the operator that the 
test was made in accordance with the require- 
ments of the American Society for Testing Ma- 
terials and that the record is a true record. 

21. The signature of the operator or person 
responsible for the test. 

22. The location of the laboratory where the 
test was made and name of the owner, 

23. The serial number of the test. 

{b) In the event of more than one 
copy of the record of any test being 
required, they may be furnished on 
separate sheets and marked duplicate, 
but the original record shall always be 
preserved intact and complete. 


Standard Specifications for 
SEWER BRICK (MADE FROM CLAY OR SHALE) ^ 



A.S.T.M. Designation: C 32 - 42 

Adopted, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 32; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover brick 
made from clay or shale and burned, 
and intended for use in drainage struc- 
tures for the conveyance of sewage, in- 
dustrial wastes, and storm water. 
Three grades of brick are covered: 

Grade — Brick intended for use 

in structures requiring imperviousness 
and resistance to the action of sewage 
carrying large quantities of abrasive 
material at velocities exceeding 8 ft. 
per sec. 

Grade Myl.— Brick intended for 
use in structures requiring impervious- 
ness and resistance to the action: (i) 
of sewage free from abrasive materials, 
and (2) of sewage carrying abrasive 
materials at velocities of 8 ft. per sec. 
or less. 

Grade YA. — Brick intended for use 
in structures not requiring high de- 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-IS on Manufactured Masonry 
Units. 

2 Prior to their present adoption as standard, these 
specifications were published as tentative from 1921 to 
1923. They were adopted in 1923, published as standard 
from 1923 to 1937, being revised in 1924, but withdrawn, 
revised, and republished as tentative from 1937 to 1942, 
being revised in 1939. 


grees of imperviousness nor of abrasive 
resistance. 

Note. — B rick of grade BA are suitable for 
use in catch basins, arches, the upper portions 
of manholes, and for backing. 


TABLE I.~PHVSICAL EEQUIREMENTS. 


Designation 

Minimum Com- 
pressive 

Strength, (brick 
flatwise), psi., 
average gross 
area 

Maximum Water 
Absorption by 
S-hr. Boiling, 
per cent 

Aver- 
age of I 
S Brick 

Individ- 

ual 

Aver- 
age of 

S Brick 

Individ- 

ual 

Grade 5^1 

8000 

5000 

6 

9 

Grade MA° 

5000 

3000 

12 

16 

Grade NA® 

2500 

2000 

20 

24 


Where resistance to frost action in the presence of 
moisture is required, grades MA and ¥!A shall conform 
to the additional requirement that the saturation coeffi- 
cient_(C/B), that is, ratio of absorption by 24-hr. sub- 
mersion in cold water to that after 5 hr. submersion in 
boiling water, shall not exceed 0.80. 

Physical Properties 

2. (a) The brick shall conform to the 
physical requirements for the grade 
specified, as prescribed in Table I. 

(6) Unless otherwise specified by the 
purchaser, brick of grade shall be 
accepted in lieu of grade MA] also 
grades and MA shall be accepted in 
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lieu of grade N A , Brick having absorp- 
tion between 12 and 20 per cent shall be 
graded MA il the compressive strength 
conforms to the requirements for grade 

Size 


3. {a) Brick shall be furnished of one 
or more of the following designated sizes 
as specified: 


Size 

Depth, 

Width, 

in. 

Length, 

No. 1 

2\ 


8 

No. 2 

2| 

4 


No. 3 

3 

4 

8i 

No. 4 

3^ 

4 

8k 


{h) For any lot of sewer brick fur- 
nished under these specifications, not 
more than 2 per cent of the brick shall 
vary from the nominal size requirements 
specified in Paragraph {a) by more 
than plus or minus | in. in either trans- 
verse dimension, or by more than plus 
or minus | in. in length. 

Visual Inspection 

4. (a) Brick shall pass a visual inspec- 
tion for freedom from the following: 
cracks, warpage, stones, pebbles, or 
particles of lime that would affect the 
serviceability of the brick. 


{h) Brick shall be of rectangular cross- 
section with substantially straight, 
square corners. The ends and at least 
one edge shall have plain surfaces. 

(c) When paving brick are used, lugs 
and grooves will be permitted on one 
edge and the ends. Kiln marks not 
exceeding ^ in. in depth shall be per- 
mitted on the opposite edge. 

Note. — W here cored brick are permitted by 
the purchaser, they shall conform to the require- 
ments of these specifications. 

Sampling and Testing 

5.^ {a) For purpose of tests, brick that 
are representative of the commercial 
product shall be selected by a competent 
person appointed by the purchaser, the 
place or places of selection to be desig- 
nated when the purchase order is placed. 
The manufacturer or the seller shall 
furnish specimens for tests without 
charge. 

(6) Brick shall be sampled and tested 
in accordance with the Standard 
Methods of Sampling and Testing Brick 
(A.S.T.M. Designation: C 67) of the 
American Society for Testing Materials.® 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Standard Specifications for 
SEWER BRICK (MADE FROM CLAY OR SHALE)* 



A.S.T.M. Designation: C32-42 

Adopted, 1942A 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 32; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover brick 
made from clay or shale and burned, 
and intended for use in drainage struc- 
tures for the conveyance of sewage, in- 
dustrial wastes, and storm water. 
Three grades of brick are covered: 

Grade, SA . — Brick intended for use 
in structures requiring, imperviousness 
and resistance to the action of sewage 
carrying large quantities of abrasive 
material at velocities exceeding 8 ft. 
per sec. 

Grade MA . — Brick intended for 
use in structures requiring impervious- 
ness and resistance to the action: (I) 
of sewage free from abrasive materials, 
and (2) of sewage carrying abrasive 
materials at velocities of 8 ft. per sec. 
or less. 

Grade NA . — Brick intended for use 
in structures not requiring high de- 

1 Under the standardization procedure of the Society, 
these^ specifications are under the jurisdiction of the 
A.S.T.M. Committee C-15 on Manufactured Masonry 
Units. 

2 Prior to their present adoption as standard, these 
specifications were published as tentative from 1921 to 
1923. They were adopted in 1923, published as standard 
frorn 1923 to 1937, being revised in 1924, but withdrawn, 
revised, and republished as tentative from 1937 to 1942, 
being revised in 1939. 


grees of imperviousness nor of abrasive 
resistance. 

Note. — B rick of grade A'd are suitable for 
use in catch basins, arches, the upper portions 
of manholes, and for backing. 


TABLE I.— PHYSICAL REQUIREMENTS. 


Designation 

Minimum Com- 
pressive 

Strength, (brick 
flatwise), psi., 
average gross 
area 

Maximurn Water 
AbsorMion by 
S-hr. Boiling, 
per cent 

Aver- 
age of 

S Brick 

Individ- 

ual 

Aver- 

Individ- 

ual 

Grade 54 

8000 

5000 

6 

9 

Grade MA"^ 

5000 

3000 

12 

16 

Grade NA’^ 

2500 

2000 

20 

24 


“ Where resistance to frost action in the presence of 
moisture is required, grades MA and IVA shall conform 
to the additional requirement that the saturation coefii- 
cient_(C/B), that is, ratio of absorption by 24-hr. sub- 
mersion in cold water to that after 5 hr. submersion in 
boiling water, shall not exceed 0.80. 

Physical Properties 

2. (a) The brick shall conform to the 
physical requirements for the grade 
specified, as prescribed in Table I. 

(6) Unless otherwise specified by the 
purchaser, brick of grade -Sd. shall be 
accepted in lieu of grade MA\ also 
grades 5.4 and MA shall be accepted in 
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lieu of grade NA . Brick having absorp- 
tion between 12 and 20 per cent shall be 
graded MA ii the compressive strength 
conforms to the requirements for grade 

Size 


3. (a) Brick shall be furnished of one 
or more of the following designated sizes 
as specified: 


Size 

Depth, 

Width, 

Length, 

No. 1 

2i 


8 

No. 2 

2-1 

4 


No. 3 

3 

4 

8^ 

No. 4 

3| 

4 

8| 


(b) For any lot of sewer brick fur- 
nished under these specifications, not 
more than 2 per cent of the brick shall 
vary from the nominal size requirements 
specified in Paragraph (a) by more 
than plus or minus | in. in either trans- 
verse dimension, or by more than plus 
or minus f in. in length. 

Visual Inspection 

4. (a) Brick shall pass a visual inspec- 
tion for freedom from the following: 
cracks, warpage, stones, pebbles, or 
particles of lime that would affect the 
serviceability of the brick. 


(b) Brick shall be of rectangular cross- 
section with substantially straight, 
square corners. The ends and at least 
one edge shall have plain surfaces. 

(c) When paving brick are used, lugs 
and grooves will be permitted on one 
edge and the ends. Kiln marks not 
exceeding in. in depth shall be per- 
mitted on the opposite edge. 

Note. — W here cored brick are permitted by 
the purchaser, they shall conform to the require- 
ments of these specifications. 

Sampling and Testing 

5.^ (a) For purpose of tests, brick that 
are representative of the commercial 
product shall be selected by a competent 
person appointed by the purchaser, the 
place or places of selection to be desig- 
nated when the purchase order is placed. 
The manufacturer or the seller shall 
furnish specimens for tests without 
charge. 

{b) Brick shall be sampled and tested 
in accordance with the Standard 
Methods of Sampling and Testing Brick 
(A.S.T.M. Designation: C 67) of the 
American Society for Testing Materials.® 

5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Methods of 
SAMPLING AND TESTING BRICK^ 



A.S.T.M. Designation: C 67 - 44 
Adopted, 1931; Revised, 1937, 1939, 1941, 1944.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 67; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for the sampling and testing of brick for 
modulus of rupture (flexure test), com- 
pressive strength, absorption, saturation 
coefficient, effect of freezing and thaw- 
ing, initial rate of absorption (suction), 
and efflorescence. 

Definitions of Terms 

2. The Standard Definitions of Terms 
Relating to Methods of Testing 
(A.S.T.M. Designation: E6) of the 
American Society for Testing Materials® 
shall be considered as applying to the 
terms used in these methods. 

Sampling 

Selection of Test Specimens 

3. For purpose of tests, full-size brick 
shall be selected by the purchaser or by 
his authorized representative. Speci- 
mens shall be representative of the whole 
lot of brick from which they are selected. 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M, 
Cominitlee C-15 on Manufactured Masonry Units. 

= Prior to adoption as standard, these methods were 
published as tentative from 1927 to 1931, being revised in 
192S and 1930. 

5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Desisnalions at front of book. 


Number of Specimens 

4. For the modulus of rupture, com- 
pressive strength, absorption, and freez- 
ing-and-thawing determinations, at least 
five brick shall be selected from each lot 
of 50,000 brick or fraction thereof. For 
lots of more than 500,000 brick, five in- 
dividual brick shall be selected from each 
100,000 brick or fraction thereof con- 
tained in the lot. In no case shall less 
than five brick be taken. Additional 
specimens may be taken at the discretion 
of the purchaser. 

Identification 

5. Each specimen shall be marked so 
that it may be identified at any time. 
Markings shall cover not more than 5 
per cent of the superficial area of the 
specimen. 

Modulus op Rupture (Flexure Test) 
Test Specimens 

6. Five dry full-size brick shall be 
tested. 
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Procedure 

7. (a) The test specimen shall be sup- 
ported flatwise on a span of 7 in. and 
loaded at mid-span. If the specimens 
have recesses (panels or depressions) they 
shall be placed so that such recesses are 
on the compression side. The load shall 
be applied to the upper surface of the 
specimen through a steel bearing plate 
I in. in thickness and in. in width and 
of a length at least equal to the width 
of the specimen. The direction of the 
load shall be perpendicular to the loaded 
surface of the specimen. 

(b) The supports for the test specimen 
shall be free to rotate in the longitudinal 
and transverse direction of the test 
specimen and shall be adjusted so that 
they will exert no force in these 
directions. 

(c) Speed of Testing . — The rate of 
loading shall not exceed 2000 lb. per 
min., but this requirement may be con- 
sidered as being met if the speed of the 
moving head of the testing machine 
during the application of the load is not 
more than 0.05 in. per min. 

Calculations and Report 

8. (a) The modulus of rupture of each 
specimen shall be calculated as follows: 

2>Wl 

Modulus of rupture, psi. = 

2b<P 

where: 

W = maximum load mdicated by the 
testing machine, in pounds, 

I — distance between the supports 
in inches (7 in.), 

h ~ average over-all width, face to 
face, of the specimen, in 
inches, and 

d = average over-all depth, face to 
face, of the specimen, in 
inches. 

(5) The average of the modulus of 
rupture determinations of all the speci- 
mens tested shall be reported as the 
modulus of rupture of the lot of brick. 


Compressive Strength 
Test Specimens 

9. The test specimens shall consist of 
half brick with approximately plane 
and parallel ends. A specimen may be 
obtained from a whole brick by any 
method that will produce, without shat- 
tering, a half brick. Five specimens 
shall be tested. 

Note. — ^This permits the use of suitable 
half brick available after the flexure test has 
been made. 

Capping Te.st Specimens 

10. {a) If the flatAvise faces of the 
test specimen are recessed or paneled, 
the depressions shall be filled, with a 
neat portland-cement paste, which shall 
then be aged at least 24 hr. before the 
specimen is capped. 

(5) The two opposite flatwise faces of 
each specimen shall be coated with 
shellac which shaU be allowed to dry 
thoroughly. 

ifi) One of the dry shellacked faces of 
the specimen shall be bedded in a thin 
coat of a neat paste of calcined gypsum 
(plaster of Paris) that has been spread 
on an oiled nonabsorbent plate such as 
glass or a machined metal plate. This 
procedure shall be repeated with the 
other dry shellacked face. Care shall be 
taken that the opposite bearing surfaces 
so formed will be approximately parallel. 
The caps shall be aged at least 2 hr. 
before the specimens are tested. 

Procedure 

11. {a) AU specimens shall be tested 
flatwise (that is, the load shall be applied 
in the direction of the thickness of the 
brick). 

(6) The testing machine shall conform 
to the requirements of the Standard 
Methods of Verification of Testing 
Machines (A.S.T.M. Designation: E4) 
of the American Society for Testing 
Materials.® 
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(c) The upper bearing shall be a 
spherically seated, hardened metal block 
firmly attached at the center of the upper 
head of the machine. The center of the 
sphere shall lie at the center of the 
surface of the block in contact with the 
specimen. The block shall be closely 
held in its spherical seat, but shall be 
free to turn in any direction. The 
diameter of the bearing surface shall be 
at least 5 in. A hardened metal bearing 
block shall be used beneath the specimen 
to minimize wear of the lower platen 
of the machine. The bearing block 
surfaces intended for contact with the 
specimen should have a hardness not 
less than C60 Rockwell number (Brinell 
number 620). These surfaces shall not 
depart from plane surfaces by more than 
0.001 in. Wlren the bearing area of the 
spherical bearing block is not sufficient 
to cover the area of the specimen, a steel 
plate with surfaces machined to true 
planes within plus or minus 0.001 in., 
and with a thickness equal to at least 
one third of the distance from the edge 
of the spherical bearing to the most 
distant corner, shall be placed between 
the spherical bearing block and the 
capped specimen. 

(d) Speed of Testing . — Wlien the load 
on the specimen exceeds approximately 
one half of the maximum load, the rate of 
loading shall be such that the load will 
be read accurately. Preferably, the 
rate of loading should not exceed 2000 
psi. per min., but this requirement may 
be considered as being met if the speed 
of the moving head of the testing 
machine during the application of the 
load is not more than 0.05 in. per min. 

Calculations and Report 

12. (a) The compressive strength of 
each specimen shall be calculated as 
follows: 

W 

Compressive strength, psi. — “ 


where: 

W — maximum load indicated by the 
testing machine, in pounds, 
and 

A — average of the gross areas of the 
upper and lower bearing sur- 
faces of the specimen in 
square inches. 

(b) The average compressive strength 
of all the specimens tested shall be 
reported as the compressive strength of 
the lot of brick. 

Absorption 
Accuracy of Weighings 

13. The scale or balance used shall 
have a capacity of not less than 2000 g. 
and shall be sensitive to 0.5 g. 

24-hr. Submersmi Test 
Test Specimens 

14. The test specimens shall consist 
of half brick conforming to the require- 
ments of Section 9. Five specimens 
shall be tested. 

Procedure 

15. (a) Drying . — The test specimens 
shall be dried to constant weight in a 
ventilated oven at 110 to 115 C. (230 to 
239 F.). When cool, each specimen 
shall be weighed. 

Note 1.— It can be assumed that heating 
for 72 hr. at these temperatures will assure 
constant weight except for deaired brick or 
brick whose absorption is less than 8.0 per cent 
by 5-hr. submersion in boiling water as deter- 
mined in accordance with Section 18 {h). 

Note 2. — Storage of brick, unstacked, with 
separate placement, in a ventilated room 
for a period of 4 hr., with a current of air from 
an electric fan passing over them for a period of 
at least 2 hr., will cool the specimens to approxi- 
mately room temperature. Specimens notice- 
ably warm to the touch should not be used for 
the absorption test. 

(6) Saturation . — The dry specimen 
shall be submerged, without preliminary 
partial immersion, in clean water (soft, 
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distilled, or rain water) at 15.5 to 30 C. 
(60 to 86 F.) for 24 hr. The specimen 
shall then be removed, the surface water 
wiped off with a damp cloth, and the 
specimen weighed. Weighing of any one 
specimen shall be completed within 5 
min. after removing the specimen from 
the bath. 

Calculations and Report 

16. (a) The absorption of each speci- 
men shall be calculated as follows; 

. 100(PF2-IFi) 

Absorption, per cent = — 

where: 

Wi = dry weight of the specimen, and 

Wi = saturated weight of the specimen 
after 24-hr. submersion in cold 
water. 

(b) The average absorption of all the 
specimens tested shall be reported as the 
absorption of the lot of bricL 

5-hr. Boiling Test 
Test Specimens 

17. The test specimens shall consist of 
half brick conforming to the require- 
ments of Section 9. Five specimens 
shall be tested. 

Procedure 

18. (a) The specimen which has been 
saturated 24 hr. in the cold-water sub- 
mersion bath shall be returned to the 
bath and subjected to a 5-hr. boiling 
test as described in Paragraph (5). 

(&) The specimen shall be sub- 
merged in clear water (soft, distilled, or 
rain water) at 15.5 to 30 C. (60 to 
86 F.) in such a manner that water can 
circulate freely on all sides of the speci- 
men. The water shall be heated to 
boiling within 1 hr., boiled continuously 
for 5 hr., and then allowed to cool to 
15.5 to 30 C. (60 to 86 F.) by natural 
loss of heat for not less than 16 nor more 
than 18 hr. The specimen shall then be 


removed, the surface water wiped off 
with a damp cloth, and the specimen 
weighed. Weighing of any one speci- 
men shall be completed within 5 min. 
after removing the specimen from the 
bath. 

Note. — the tank is equipped with a drain 
so that water at 15.5 to 30 C. (60 to 86 F.) 
can be passed through the tank continuously 
and at such a rate that a conaplete change of 
water takes place in not more than 2 min,, 
weighings can be made at the end of 1 hr. 

Calculations and Report 

19. {a) The absorption of each speci- 
men shall be calculated as follows: 

, 100(lF.-17i) 

Absorption, per cent = — 

Wi 

where: 

Wi = dry weight of the specimen, and 
Ws — saturated weigh t of the specimen 
after 5-hr. submersion in boil- 
ing water. 

(b) The average absorption of all the 
specimens tested shall be reported as the 
absorption of the lot of brick. 

Saturation Coefficient 

20. The saturation coefficient of each 
specimen shall be calculated as follows: 

W2 - Wi 

Saturation coeflacient = — — 

Wt - Wi 

where: 

Wi = dry weight of the specimen, 

W 2 = saturated weight of the speci- 
men after 24-hr. submersion in 
cold water, and 

W 3 = saturated weight of the speci- 
men after 5-hr. submersion in 
boiling water. 

Freezing and Thawing 

Apparatus 

21. (a) Compressor, Freezing Chamber, 
and Circulator . — The design and ca- 
pacity of the freezing apparatus shall be 
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such that the air of the freezing chamber 
shall not exceed 16 F. (— 9 C.) 1 hr. 
after introducing the maximum charge 
of brick, initially at a temperature not 
exceeding 90 F. (32 C.). 

(6) Trays and Containers . — ^The brick 
shall be set on edge in shallow metal 
trays having an inside depth of 1| rfc 
I in., and of suitable strength and size 
so that the tray with its charge of 
frozen brick can be removed from the 
freezing chamber by one man. 

(c) Balance. --~Th.e scale or balance used 
shall have a capacity of not less than 
2000 g. and shall be sensitive to 0.5 g. 

(d) Drying Oven . — The drying oven 
shall provide a free circulation of air 
through the oven and shall be capable of 
maintaining a temperature between 110 
and 115 C. (230 to 239 F.). 

(e) Thawing Tank . — A thawing tank 
shall be provided of such dimensions as 
to permit the complete submergence of 
the specimens in their trays. Adequate 
means shall be provided so that the 
water in the tank may be kept at a 
temperature of 75 rfc 10 F. (24 ± 5.5 C.). 

(/) Drying Room . — A room main- 
tained at a temperature of 75 zfc 15 F. 
(24 ±8 0.), with a relative humidity 
between 30 and 70 per cent, and free 
from drafts shall be provided for the 
air-drying prescribed in alternate 
method B. 

Test Specimens 

22. The test specimens shall consist 
of half brick with approximately plane 
and parallel ends resulting from the 
flexure test. The specimens shall be 
free from shattering or unsoundness re- 
sulting from the flexure test or from the 
absorption tests (24-hr. submersion test 
and 5-hr. boiling test). Five specimens 
shall be tested. 

Method A 

Procedure 

23. {a) The specimens that have 


previously been subjected to the 24-hr. 
submersion test and to the 5-hr. boiling 
test shall be dried as prescribed in 
Section 15 (a). 

(5) When cool, the specimens shall be 
weighed on a scale or balance] to the 
nearest 0,5 g. 

(c) The test specimens shall be im- 
mediately submerged, without pre- 
liminary partial immersion, in the water 
of the thawing tank for 48 hr. before the 
start of the freezing-and-thawing test, 

{d) The test specimens shall be stood 
on edge in the trays so that a space of at 
least I in. separates the specimens. 
Sufl&cient water shall be poured into 
the trays so that each specimen stands 
in |-in. depth of water, and the trays 
and their contents shall be exposed to the 
temperature of the freezing chamber for 
20 hr. 

{e) The trays shall be removed from 
the freezing chamber after 20 hr. and 
shall be totally immersed with their 
contents in the water of the thawing 
tank for a time of 4 hr. 

(/) The specimens shall be frozen by 
the procedure prescribed in Paragraph 
(d) and thawed by the procedure pre- 
scribed in Paragraph (e), three times. 
The test specimens shall then be dried 
by exposure for 24 hr. in the drying room 
followed by 72 hr. in the drying oven as 
prescribed in Paragraph {a). The test 
specimens shall be cooled, reweighed, 
immersed in water for 48 hr., and again 
subjected to three cycles of freezing and 
thawing in accordance with Paragraphs 
(d) and (e). 

(g) Alternations of drying, weighing, 
and submersion in water for 48 hr. fol- 
lowed by 3 cycles of freezing and thaw- 
ing shall be continued until a total of 
51 cycles of freezing and thawing has 
been completed, unless the test specimen 
has lost more than 3 per cent of its 
weight, calculated on the basis of its 
original weight when dry, or has broken, 
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or has disintegrated, as judged by visual 
inspection, equivalent to more than 3 per 
cent loss before completion of 51 cycles. 

Calculations and Report 

24. The loss in weight after 51 cycles 
shall be calculated as a percentage of 
the original weight of the dried speci- 
men; or the number of cycles required to 
cause breakage or 1 per cent and 3 per 
cent loss in weight shall be reported. 

Method B 

Procedure 

25. (a) The initial drying of the test 
specimens shall be done as prescribed 
in Section 15 (a). 

(6) The weight of the dried specimens 
shall be obtained as prescribed in 
Section 23 (&). 

{c) The test specimens shall be im- 
mediately submerged, without pre- 
liminary partial immersion, in the water 
of the thawing tank for 4 hr. before 
the start of the freezing-and-thawing 
test. 

(d) The test specimens shall be frozen 
by the procedure prescribed in Section 23 
(d) and thawed by the procedure pre- 
scribed in Section 23 (e), five times. 
Following the 4-hr. thawing after the 
fifth freezing, the specimens shall be 
stored for 40 hr. on the floor of the drying 
room. They shall not be stacked or piled, 
and there shall be a space of at least 1 in. 
between any two specimens. Following 
this period of air-drying, the specimens 
shah be inspected, submerged in the 
water of the thawing tank for 4 hr., and 
again subjected to 5 cycles of freezing 
and thawing in accordance with Section 
23 (d) and (e). 

(ej Alternations of drying and sub- 
mersion in water for 4 hr., followed by 
5 cycles of freezing and thawing shall 
be continued until a total of 50 cycles of 
freezing and thawing has been com- 
pleted, unless the test specimen has 


broken or appears to have lost more 
than 3 per cent of its original weight as 
judged by visual inspection. 

(/) After completion of 50 cycles, or 
when the specimen is withdrawn from 
test as a result of evident disintegration, 
the specimen shall be dried in an oven 
as prescribed in Section 15 (a). 

Calculations and. Report 

26. The loss in weight shall be calcu- 
lated as a percentage of the original 
weight of the dried specimen, or the 
number of cycles causing breakage or 
withdrawal of the specimen shall be 
reported. 

Initial Rate oe Absorption (Suction) 
Apparatus 

27. The apparatus shall consist of the 
■following: 

(a) Trays or Containers. — ^Watertight 
trays or containers having an inside 
depth of not less than | in. and of such 
length and width that an area of not 
less than 300 sq. in. of water surface is 
provided. The bottom of the tray shall 
provide a plane, horizontal upper sur- 
face, when suitably supported, so that 
an area not less than 8 in. in length by 
6 in. in width will be level when tested 
by a spirit level. 

(&) Supports for Brick. — Two non- 
corrodible metal supports consisting of 
bars between 5 and 6 in. in length, hav- 
ing triangular, half-round, or rectan- 
gular cross-sections such that the thick- 
ness (height) will be approximately 
I hi. The thickness of the two bars 
shall agree within 0.001 in. and, if the 
bars are rectangular in cross-section, 
their width shall not exceed ^ in. 

(c) Means for Maintaining Constant 
Water Level.— -Suitahle means for con- 
trolling the water level above the upper 
surface of the supports for the brick 
within plus or minus 0.01 in. (Note 1), 
including means for adding water to 
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the tray at a rate corresponding to the 
rate of removal by the brick undergoing 
test (Note 2). For use in checking the 
adequacy of the method of controlling 
the rate of flow of the added water, a 
reference brick or half brick shall be 
provided whose displacement in | in. 
of water corresponds to the brick or half 
brick to be tested within plus or minus 
2.5 per cent. The reference brick shall 
be completely submerged in water for 
not less than 3 hr. preceding its use as 
described in Section 3 (d). 

Note 1. — A suitable means for obtaining 
this accuracy in control of the water level is 
provided by attaching to the end of one of the 
bars, two stiff metal wires which project upward 
and return, terminating in points one of which 
is i — 0.01 in. and the other | + 0.01 in. 
above the upper surface or edge of the bar. 
Such precise adjustment is obtainable by use of 
depth plates or a micrometer microscope.' 
When the water level with respect to the upper 
surface or edge of the bar is adjusted so that the 
lower point “dimples” the water surface when 
viewed by reflected light and the upper point is 
not in contact with the water, the water level 
is within the limits specified. Any other 
suitable means for fixing and maintaining a 
constant depth of immersion may be used if 
equivalent accuracy is obtained. As an ex- 
ample of such other suitable means there may be 
mentioned the use of rigid supports movable 
with respect to the water level. 

Note 2. — ^A rubber tube leading from a 
siphon or gravity feed and closed by a spring 
clip will provide a suitable manual control. 
The so-caUed “chicken feed” devices as a rule 
lack sensitivity and do not operate with the 
very small changes in water level permissible 
in this test. 

(d) Balance. — A scale or balance hav- 
ing a capacity of not less than 3000 g. 
and sensitive to 0.5 g. 

(e) Drying Oven. — K. drying oven con- 
forming to the requirements of Section 
21 (d). 

(f) Constant Temperature Room.— A 
room maintained at a temperature of 
70±2.5F. (21 ± 1.4 C). 

(g) Timing Device. — A suitable timing 
device, preferably a stop watch or stop 


clock, which shall indicate a time of 
1 min. to the nearest second. 

Test Specimens 

28. The test specimens shall consist 
of whole brick or of half brick conform- 
ing to the requirements of Section 9. 
Five specimens shall be tested. 

Procedure 

29. (a) Dryfwg.— The test specimens 
shall be dried in accordance with Section 

15 (a). 

(b) Cooling. — After drying, the test 
specimens shall be cooled in the constant 
temperature room (Section 27 (/)) by 
storage, unstacked, with separate place- 
ment for a period of at least 4 hr. 

(c) Measurement and Weighing . — ^The 
length and width of the flatwise surface 
of the test specimen which will be in 
contact with the water shall be measured 
to the nearest O.OS in. The specimen 
shall be weighed to the nearest 0.5 g. 

(d) Adjustment of Water Level. — The 
tray for the absorption test shall be set 
up in the constant temperature room. 
The position of the tray shall be adjusted 
so that the upper surface of its bottom 
shall be level when tested by a spirit 
level and the saturated reference brick 
(Section 27 (c)) shall be set in place on 
top of the supports. Water shall be 
added until the water level is | rfc 0.01 
in. above the top of the supports, 

(e) Absorption and Reweighing. — 
After removal of the reference brick, 
the test brick shall be set in place flat- 
wise, counting zero time as the moment 
of contact of the brick with the water. 
During the period of contact (1 min. 
± 1 sec.) the water level shall be kept 
within the prescribed limits by adding 
water as required. At the end of 1 
min. dr 1 sec., the brick shall be lifted 
from contact with the water, the surface 
water wiped off with a damp cloth, and 
the brick reweighed to the nearest 0.5 
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g. Wiping shall be completed within 10 
sec. of removal from contact with water 
and weighing shall be completed within 
2 min. 

Note. — Placing of the brick in contact with 
tlie water shall be done quickly but without 
splashing. Setting the brick in position with a 
rocking motion will avoid the entrapping of 
air on its under surface. Brick with frogs or 
depressions in one flatwise surface shall be 
tested with the frog or depression uppermost. 

Calculations and Report 

30. (a) The difference in weight in 
grams between the initial and final 
weighings is the weight in grams of water 
absorbed by the brick during 1-min. con- 
tact with water. If the test specimen 
is a whole brick and the area of its 
flatwise surface (length times width) 
does not differ more than plus or minus 
0.75 sq. in. (plus or minus 2.5 per cent) 
from 30 sq. in., the gain in weight in 
grams shall be reported as the initial 
rate of absorption in 1 min. 

(6) If the test specimen is not , a whole 
brick or the area of its flatwise surface 
differs more than plus or minus 0.75 
sq. in. (plus or minus 2.5 per cent) from 
30 sq. in., the gain in weight shall be 
calculated to the equivalent for 30 sq. in. 
as follows; 

^ _ SOW 
^ ~~LB 

where: 

X = gain in weight corrected to basis 
of 30 sq. in. flatwise area, 

W ~ actual gain in weight of specimen 
in grams, 

L ~ length of specimen in inches, and 
B = width of specimen in inches. 

The corrected gain in weight, X, 
shall be reported as the initial rate of 
absorption in 1 min. 

(c) If the test specimen is a cored 
brick, the net area shall be calculated 
and substituted for LB in the formula 


given in Paragraph {b). The corrected 
gain in weight shall be reported as the 
initial rate of absorption in 1 min. 

Efflorescence 

Apparatus 

31. The apparatus shall consist of the 
following: 

(a) Trays and Containers. — Water- 
tight shallow pans or trays made of metal 
or other material that will not provide 
soluble salts when in contact with dis- 
tilled water containing teachings from 
brick. The pan shall be of such dimen- 
sions that it will provide not less than a 1- 
in. depth of water. Unless the pan pro- 
vides an area such that the total volume 
of water is large in comparison with the 
amount evaporated each day, suitable 
apparatus shall be provided for keeping 
a constant level of water in the pan. 

{h) Drying Room . — A drying room 
conforming to the requirements of Sec- 
tion 21 (/). 

(c) Drying Oven . — A drying oven con- 
forming to the requirements of Section 
21 (d). 

Test Specimens 

32. {a) Ten dry full-size brick shall be 
tested. 

Q}) The ten specimens shall be sorted 
into five pairs, so that both specimens of 
each pair will have the same appearance, 
as nearly as possible. 

Preparation of Specimens 

33. The specimens shall be tested as 
received, except that any adhering dirt 
that might be mistaken for efflorescence 
shall be removed by brushing. 

Procedure 

34. (a) One specimen from each of the 
five pairs shall be set on end, partially 
immersed in distilled water to a depth 
of approximately 1 in. for 7 days in the 
drying room. When several specimens 
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are tested in the same container, the 
individual specimens shall be separated 
by a space of at least 2 in. 

Note 1. — Testing specimens from different 
sources simultaneously in the same container is 
not recommended, because specimens with a con- 
siderable content of soluble salts may contami- 
nate the salt-free specimens. 

Note 2. — The pans or trays should be emp- 
tied and cleaned after each test. 

(b) The second specimen from each 
of the five pairs shall be stored in the 
drying room without contact with water. 

(c) At the end of 7 days, the first 
set of specimens shall be inspected and 
both sets shall then be dried in the dry- 
ing oven for 3 days. 

Note .3. — drying period of 24 hr. is suffi- 
cient for the purpose of an efflorescence test. 
A 3-day period of drying prepares the specimens 
for the other tests (modulus of rupture, com- 
pressive strength, absorption, and initial rate of 
absorption) that may be specified. 


Examination and Rating 
35. After diying, each pair of specimens 
shall be examined and compared, observ- 
ing the top and all four faces of each 
specimen. If there is no observable 
difference due to efflorescence, the rating 
shall be reported as “no efflorescence.” 
If any difference due to efflorescence is 
noted, the specimens shall be viewed 
from a distance of 10 ft., under an 
illumination of not less than 50 foot- 
candles, by an observer with normal 
vision. If under these conditions no 
difference is noted, the rating shall be 
reported as “slightly effloresced.” If a 
perceptible difference due to efflorescence 
is noted under these conditions, the 
rating shall be “efiloresced.” The ap- 
pearance and distribution of the efflo- 
rescence shall be recorded. 
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Scope 

1. (o) These specifications cover 
structural clay load-bearing wall tile 
made from surface clay, shale, fire clay, 
or mixtures thereof. Two grades of 
tile are covered, as follows: 

Grade LB X. — Suitable for general 
use in masonry construction and 
adapted for use in masonry exposed 
to weathering, provided they are 
burned to the normal maturity of the 
clay. They may also be considered 
suitable for the direct application of 
stucco. 

Grade LB. — Suitable for general use 
in masonry where not exposed to frost 
action, or for use in exposed masonry 
where protected with a facing of 3 in. 
or more of stone, brick, terra cotta, or 
other masonry. 

{b) If tile having a particular color, 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-IS on Manufactured Masonry 
Units. 

2 Prior to their present adoption as standard, these 
specifications were published as tentative from 1921 to 
1926, being revised in 1924 and 1926. They were adopted 
in 1926, revised in 1922, 1930, and 1931, but withdrawn and 
replaced in 1934 by C 34 - 34 T which were published as 
tentative from 1933 to 1936, being revised in 1934, 193S, and 
1936. 


texture, or finish are desired, these fea- 
tures should be specified separately by 
the purchaser (see Explanatory Note 1). 

Physical Properties 
2. (a) Structural clay load-bearing 
wall tile shall conform to the require- 
ments as to physical properties for the 
grade specified as prescribed in Table I. 


TABLE I.-PHYSICAL REQUIREMENTS. 



“ The range in percentage absorption for tile delivered 
to any one j'ob shall be not more than 12. 

^ Gross area of a unit shall he the total area including 
cells of a section perpendicular to the direction of loading. 
Re-entrant spaces are included in the gross area, unless 
these spaces are to be occupied in masonry by portions of 
adjacent units. 

{h) Tile of grade LB X shall be ac- 
cepted under all conditions m lieu of 
grade LB. 
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(c) End-construction tile are tile de- 
signed to be placed in the wall with axes 
of the cells vertical. Side-construction 
tile are tile designed to be placed in the 
wall with the axes of the cells horizontal. 
Where end-construction tile are used on 
the side they shall conform to the re- 
quirements of side-construction tile and 
vice versa. 

(d) Bonding tile shall be so designed 
as to provide recesses for header brick 
courses when laid up in brick-faced walls. 

Number of Cells 

3. (a) Load-bearing tile shall con- 
form to the following requirements as to 
minimum number of cells® in the direc- 
tion of wall thickness (see Explanatory 
Note 2 for approximate weights of tile) : 

Nominal Horizontal Minimum Number 

Thickness of Tile of Cells® in 

as Laid in Direction of Wall 

Wall, in. Thickness 

4 1 

6 2 

8 2 

10 2 

12 3 


“ Cells are hollow spaces enclosed within the perime- 
ter of the exterior shells, and having a minimum dimen- 
sion of not less than i in. and a cross-sectional area of not 
less than 1 sq. in. 

(b) In double-shell tile, the two voids 
between exterior and interior shells on 
either side of the tile shall be considered 
as one cell in thickness of wall when their 
combined width is not less than | in., 
provided the short webs between the 
inner and outer shells are not greater in 
number or thickness than the long trans- 
verse webs holding the inner shells. 

(c) Re-entrant spaces not less than 1 
in. in depth and not less than 1 sq. in. 
in area, which form cells when the units 
are laid in the walls, shall be considered 
as cells in the direction of wall thickness, 
but not in the units. 

Shell and Web Thickness 

4. (a) The average over-all thickness 
of the shells, measured between the inner 


and extreme outer surfaces of end-con- 
struction load-bearing tile, shall be not 
less than f in., except that in double- 
shell tile the combined average over-all 
thickness of the inner and outer shell 
shall be not less than f in. The thick- 
ness of the webs shall be not less than | 
in. 

(b) The average over-all thickness of 
the shells, measured between the inner 
and extreme outer surfaces of side-con- 
struction load-bearing tile, shall be not 
less than | in., except that in double- 
shell tile the combined average over-all 
thickness of the inner and outer shell 
shall be not less than f in. The thick- 
ness of the webs shall be not less than 
I in. 

(c) The width of any cell in side- 
construction tile, measured in the direc- 
tion of wall thickness, shall not exceed 
four and one half times the average over- 
all thickness of either the upper or 
lower bearing shells. If no cell in side- 
construction tile, measured in the direc- 
tion of the wall thickness, exceeds four 
times the average over-all thickness of 
either the upper or lower bearing shells, 
the requirements for minimum shell 
and web thickness specified in Para- 
graph (b) shall be waived. 

(d) The thickness of bonding and 
other types of tile manufactured for use 
in combination with brick or other 
materials may vary from the nominal 
thicknesses indicated in Section 3, as 
required by construction requirements. 

Permissible Variations in Dimensions 

5. No over-all dimension shall vary 
more than 3 per cent over or under the 
specified dimension for any form or size 
of tile. 

Scoring 

6. Surfaces of all tile intended for the 
direct application of plaster or stucco 
shall be scratched or scored. When 
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scored, each groove shall be not less than 
I nor more than | in. in depth, nor 
more than 1 in. in width. The area 
covered by the grooves shall not exceed 
50 per cent of the area of the scored 
faces. 

Marking 

7. All load-bearing wall tile shall bear 
the word “Load-Bearing,” or LB X or 
LB, and the name, initials, or trade 
mark of the manufacturer. These 
marks shall be indented on the exterior 
of the tile and shall be legible. 

Visual Inspection 

8. (o) All tile shall be reasonably free 
from laminations and from cracks, 
blisters, surface roughness, and other 
defects that would interfere with the 
proper setting of the tile or impair the 
strength or permanence of the con- 
struction. 

(b) When unscored (smooth) tile are 
specified, the requirements, except as to 
scoring, shall be the same as for scored 
tile. If closer tolerances on dimensions 
and on freedom from belt marks, chips, 
surface discolorations, and roughness 
are desired, such requirements shall be 
clearly defined in supplementary speci- 
fications. 


Rejection 

9. In case the shipment fails to con- 
form to the requirements for the grade 
specified, the manufacturer may sort it, 
and new specimens shall be selected by 
the purchaser from the retained lot and 
tested at the expense of the manu- 
facturer. In case the second set of 
specimens fails to meet the requirements, 
the entire lot shall be rejected. 

Expense of Tests 

10. Except as specified in Section 9» 
and unless otherwise agreed, the ex- 
pense of inspection and testing shall be 
borne by the purchaser. 

Sampling and Testing 

11. (a) The purchaser or his author- 
ized representative shall be accorded 
proper facilities for sampling and inspec- 
tion of units both at the place of manu- 
facture and at the site of the work. At 
least ten days from the time of sampling 
should be allowed for completion of the 
tests. 

(b) Tile shall be sampled and tested 
in accordance with the Standard 
Methods of Sampling and Testing Struc- 
tural Clay Tile (A.S.T.M. Designation; 
C 112) of the American Society for 
Testing Materials.® 


Explanatory Notes 


Note 1. — Color of tile varies with the type 
of clay used and degree of burning; hence, it 
cannot be taken as indicative of classification 
until after it has been related to absorption and 
strength by actual tests. 

Note 2. — The following average weights of 
structural clay load-bearing wall tile are given 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


only as information; 

Nominal Horizontal 

Thickness of Tile Average Weight, 

as Laid in lb. per sq. ft. 

Wall, in. of tile® 

4 .20 

6 30 

8 36 

10.. ..... 42 

12.. 52 


“ The weights given in the above table are for scored 
tile. If any of the faces are not scored, the weights are 
increased 1 lb. per sq. ft, of unscored area. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A76.1-1942 


Standard Specifications fior 
STRUCTURAL CLAY NON-LOAD -BEARING TILE^ 



A.S.T.M. Designation: C 56 - 41 
Adopted, 1936; Revised, 1939, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 56; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. {a) These specifications cover 
structural clay non-load-bearing tile 
(partition, fireproofing, and furring) 
made from surface clay, shale, fire clay, 
or mixtures thereof. One grade of 
tile is covered, designated grade NB. 

(&) Fireproofing tile intended for use 
in load-bearing masonry shall conform 
to the Standard Specifications for Struc- 
tural Clay Load-Bearing Wall Tile 
(A.S.T.M. Designation: C 34) of the 
American Society for Testing Mate- 
rials.® 

(c) If tile having a particular color 
(Note), texture, or finish are desired, 
these features should be specified sep- 
arately by the purchaser. 

Note, — Color of tile varies with the type 
of clay used and degree of burning; hence, it 
cannot be taken as indicative of classification 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-15 on Manufactured Masonry 
Units. 

s Prior to their present adoption as standard, these 
specifications were published as tentative from 1924 to 
1930, being revised in 1926, 1927, 1928, and 1930. They 
were adopted in 1930, revised in 1931, but withdrawn and 
replaced in 1934 by C S6 - 34 T which was published as 
tentative from 1933 to 1936, being revised in 1934, 1935, 
and 1936. 

“ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


until after it has been related to absorption by 
actual tests. 

Absorption 

2. Structural clay non-load-bearing 
tile shall conform to the following re- 
quirements as to absorption: 


Absorption,® per cent 


Grade 

Average 

of 

Five Tests 

Individ- 

ual 

Maximum 

Individ- 

ual 

Minimum 

NB 

5 to 25 

2.8 

4. 



“ The range in percentage absorption for tile delivered 
to any one job shall be not more than 12. 


Number of Cells and Weights 

3. (a) Partition and split furring tile 
shall conform to the requirements pre- 
scribed in Table I as to total number of 
cells, number of cells in the direction of 
wall thickness, and dry weights per square 
foot of tile. 

(6) The requirements for minimum 
weights of structural clay non-load- 
bearing tile shall be waived if the over- 
all thickness of the shells, measured be- 
tween the inner and extreme outer sur- 
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faces, is not less than f in. and the thick- 
ness of the webs is not less than | in. 

TABLE I.-NUMBER OF CELLS AND WEIGHT OF 
TILE. 



Minimum j 
Number of 
Cells 

Minimum 
Weight," lb. per 
sq. ft. of tile 

Dimeusions, 

In 

Unit 

In 

Direc- 
tion of 
Wall 
Thick- 

Aver- ^ 
age 

Individ- 

ual 


Partition Tile 


2 by 12 by 12 

3 

1 

14 

13 

3 by 12 by 12 

3 

1 

IS 

14 

4 by 12 by 12 

3 

1 

16 

15 

e by 12 by 12 

3 

1 

22 

21 

6 by 12 by 12 

4 

2 

25 

24 

8 by 12 by 12 


2 

30 

28 

in by 12 by 12 

4 

2 

35 

33 

12 by 12 by 12 

4 

2 

40 

38 


Split Furring Tile 


by 12 by 12 1 3 


1 VA \ 7 

2 by 12 by 12 | 3 


8 \ 1A 


® The weights given in the table are for scored tile. 
If any of the faces are unscored, the weights shall be in- 
creased O.S lb. per square foot of unscored area. 


Permissible Variations in Dimensions 

4. No over-all dimension shall vary 
more than 3 per cent over or under the 
specified dimension for any form or size 
of tile. 

Fireproofing Tile 

5. Tile intended for use in fireproofing 
structural members shall be of such 
sizes and shapes that they can be erected 
to cover completely the exposed sur- 
faces of the members. 

Scoring 

6. Surfaces of all tile intended for the 
direct application of plaster or stucco 
shall be scratched or scored. When 
scored, each groove shall be not less than 
I nor more than in. in depth, nor 
more than 1 in. in width. The area 
covered by the grooves shall not exceed 
50 per cent of the area of the scored 
faces. 


Marking 

7. All non-load-bearing tile shall bear 
the name, initials, or trade mark of the 
manufacturer. These marks shall be 
indented on the exterior of the tile and 
shall be legible. 

Visual Inspection 

8. (a) All tile shall be reasonably free 
from laminations and from cracks, blis- 
ters, surface roughness, and other de- 
fects that would interfere with the proper 
setting of the tile or impair the strength 
or permanence of the construction. 

(b) When unscored (smooth) tile are 
specified, the requirements, except as to 
scoring, shall be the same as for scored 
tile. If closer tolerances on dimensions 
and on freedom from belt marks, chips, 
surface discolorations, and roughness are 
desired, such requirements shall be 
clearly defined in supplementary speci- 
fications. 

Rejection 

9. In case the shipment fails to con- 
form to the requirements, the manu- 
facturer may sort it, and new specimens 
shall be selected by the purchaser from 
the retained lot and tested at the expense 
of the manufacturer. In case the second 
set of specimens fails to meet the re- 
quirements, the entire lot shall be re- 
jected. 

Expense of Tests 

10. Except as specified in Section 9, 
and unless otherwise agreed, the expense 
of inspection and testing shall be borne 
by the purchaser. 

Sampling and Testing 

11. (a) The purchaser or his author- 
ized representative shall be accorded 
proper facilities for sampling and inspec- 
tion of units both at the place of manu- 
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facture and at the site of the work. At accordance with the Standard Methods 
least ten days from the time of sampling of Sampling and Testing Structural 
should be allowed for completion of the Clay Tile (A.S.T.M, Designation: C 112) 
tests. of the American Society for Testing 

(b) Tile shall be sampled and tested in Materials.® 
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A.S.T.M. Designation : C 57 - 39 

Adopted, 1936; Revised, 1939." 

Reapproved in 1944 Without Change, 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 57 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) These specifications cover 
structural clay floor tile made from 
surfae'e clay, shale, fire clay, ' or 
mixtures thereof. Two grades of tile 
are covered, designated grade VTl and 
grade TtTZ, Both grades are suitable 
for use in flat or segmental arches or in 
combination tile and concrete ribbed- 
slab construction. 

th) If tile having a particular color 
(Note), texture, or finish are desired, 
these features should be specified sepa- 
rately by the purchaser. 

Note — C olor of tile varies with the type 
of clay used and degree of burning; hence, it 
cannot be taken as indicative of classification 
until after it has been related to absorption and 
strength by actual tests. 

Physical Properties 

2. {a) Structural clay floor tile shall 
conform to the requirements as to 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-IS on Manufactured Masonry 
Units. 

2 Prior to their present adoption as standard, these 
specifications were published as tentative from 1924 to 
1927, being revised in 1927. They were adopted in 1927, 
revised in 1930 and 1931, but withdrawn and replaced in 
1934 by C 57 - 34 T which was published as tentative from 
1933 to 1936, being revised in 1934, 193S, and 1936. 


physical properties for the grade specified 
as prescribed in Table I. 

(6) End-construction floor tile are 
tile designed to resist forces applied in 
a duection parallel to axes of the cells. 
Side-construction floor tile are tile de- 


TABLE I. -PHYSICAL RE(;>UIREMENTS. 


Grade 

Absorption,® 
per cent 

Compressive Strength 
(Based on Net Area),^ 
psi. 

End-Con- 

struction 

Tile 

Side-Con- 

struction 

Tile 

Average of 
Five Tests 

Individual 

Maximum 

Individual 

Minimum 

Minimum 
Average of 
Five Tests 

Individual 

Minimum 

Minimum 
Average of 
Five Tests 

Individual 

Minimum 

FTl 

FT2 

5 to 25 

5 to 25 

25 

23 

4 

4 

3200 

2000 

2250 

1400 

1600 

1200 

1100 

850 


“ The range in percentage absorption for tile delivered 
to any one job shall be not mote than 12. 

“ Net area of a unit shall be taken as the area of solid 
material in shells and webs actually carrying stre.sses in a 
direction parallel to the direction of loading. 

signed to resist forces applied in a 
direction perpendicular to axes of the 
cells. Where end-construction tile are 
used on the side, they shall conform to 
the requirements of side-construction 
tile and nice nersa. 
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If umber of Cells and Weights 


Visual Inspection 


3. (a) Flat and segmental arch tile 
shall conform to the requirements pre- 
scribed in Table II as to number of cells 
in the depth of arch, and average dry- 
weights per square foot of tile. 


TABLE II.-NUMBER OF CELLS AND WEIGHT OF 
TILE FOR USE IN ARCHES. 


Depth of Arch, ia. 

Minimum 
Number 
of Cells in 
Depth of 
Arch 

Average Dry 
Weight, lb. per sq, 
ft. of tile 


Minimum j Maximum 

Flat Arch Tile 


6 

1 

25 

29 

7 

1 

28 1 

34 

8 

2 

30 I 

36 

9 

2 

31 

37 

10 

2 

33 

39 

11 

2 

36 

43 

12 

2 

38 

45 

13 

3 

41 

48 

14 

3 

44 

52 

IS 

1 3 

45 

53 

16 

i ^ 

49 

58 


Segmental Arch Tile 


6 

2 

28 

34 

8 

2 

34 

40 



(b) Tile designed to resist stresses in 
combination tile and concrete ribbed- 
slab construction shall conform to the 
requirements prescribed in Table III as 
to number of cells in the direction of 
depth of slab, and average dry weights 
per square foot of tile. 

(c) The requirements for minimum 
weights of structural clay floor tile shall 
be waived if the over-all thickness of the 
shells, measured between the inner and 
extreme outer surfaces, is not less than 
I in. and the thickness of the webs is not 
less than | in. 


5. All tile shall be reasonably free 
from laminations and from cracks, 
blisters, surface roughness, and other 
defects that would interfere with the 
proper setting of the tile or impair the 
strength or permanence of the con- 
struction. 


Thickness of Units, 
in. 

Minimum 
Number 
of Cells" in. 

Average Dry*" 
Weight, lb. per sq. 
ft. of tile 

of Tile 

Minimum 

Maximum 

3 

1 

13.5 

16.5 

4 

1 1 

14.5 

17.5 

5 

1 

17.0 

21.0 

5 

2 

20.5 

25.5 

6 

1 

20.0 

24.0 

6 1 

2 

22.5 j 

27.5 

7 

1 

21.5 

26.5 

7 

2 

24.5 

29.5 

8 

1 

24.5 

29.5 

8 

2 

26.0 

32.0 

9 

2 

28.0 

34.0 

9 

3 

32.5 

39.5 

10 

2 

29.5 

36.5 

10 

3 

34.0 

42.0 

12 

2 

36.0 

44.0 

12 

3 

40.5 

49.5 


“ Cells are hollow spaces enclosed within the perimeter 
of the exterior shells, and having a minimum dimension of 
not less than I in. and a cross-sectional area of not less 
than 1 sq. in. 

" The weights given in the table are for scored tile. 
If any of the faces are unscored, the weights shall be in- 
creased 0.5 lb. per sq. ft. of unscored area. 


Scoring 

6. Surfaces of all tile intended for 
the direct application of plaster shall 
be scratched or scored. When scored, 
each groove shall be not less than | nor 
more than in. in depth, and not more 
than 1 in. in width. The area covered 
by the grooves shall not exceed 50 per 
cent of the area of the scored faces. 


Permissible Variations in Dimension 

4. No over-all dimension shall vary 
more than 3 per cent over or under the 
specified dimension for any form or size 
of tile. 


Marking 

7. All floor tile shall bear the name, 
initials, or trade mark of the manu- 
facturer. These marks shall be in- 
dented on the exterior of the tile and 
shall be legible. 
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Rejection 

8. Ill case the shipment fails to con- 
form to the requirements for the grade 
specified, the manufacturer may sort it, 
and new specimens shall be selected 
by the purchaser from the retained lot 
and tested at the expense of the manu- 
facturer. In case the second set of 
specimens fails to meet the require- 
ments, the entire lot shall be rejected. 

Expense of Tests 

9. Except as specified in Section 8, 
and unless otherwise agreed, the expense 
of inspection and testing shall be borne 
by the purchaser. 


Sampling and Testing 

10. (a) The purchaser or his author- 
ized representative shall be accorded 
proper facilities for sampling and inspec- 
tion of units both at the place of manu- 
facture and at the site of the work. At 
least ten days from the time of sampling 
should be allowed for completion of the 
tests. 

(b) Tile shall be sampled and tested 
in accordance with the Standard 
Methods of Sampling and Testing Struc- 
tural Clay Tile (A.S.T.M. Designation: 
C 112) of the American Society for 
Testing Materials.® 


9 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 



BY 


APPROVED AS 
AMERICAK STANDARD 
THE AMERICAN STANDARDS ASSOCIATION 
ASA NO,: A83.1-1942 


Standard Methods oj 

SAMPLING AND TESTING STRUCTURAL CLAY TILE^ 



A.S.T.M. Designation: C 112 - 35 
Adopted, 1936.2 

Reapproved in 1944 Without Change. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 112; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These raethods cover procedures 
for the sampling and testing of structural 
clay tile for weight determinations, com- 
pressive strength, absorption, and freez- 
ing and thawing. 

Definitions of Terms 

2. The Standard Definitions of Terms 
Relating to Methods of Testing 
(A.S.T.M. Designation: E 6) of the 
American Society for Testing Materials® 
shall be considered as applying to the 
terms used in these methods. 

Sampling 

Selection of Test Specimens 

3. For purpose of tests, full-size tile 
shall be selected b}'- the purchaser or by 
his authorized representative. Speci- 
mens shall be representative of the whole 
lot of tile from which they are selected. 
Number of Specimens 

4. For the weight determination, com- 

^ Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-IS on Manufactured Masonry Units. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1934 to 1936, being revised in 
1935 and 1936. 

3 Appears in this publication, see Contents inNumeric 
Sequence of A.S.T.M. Designations at front of book. 


pressive strength, absorption, and 
freezing-and-thawing tests, at least five 
tile shall be selected from each kiln or 
from each lot of 100 tons or fraction 
thereof. In no case shall less than five 
tile be taken. Additional specimens 
may be taken at the discretion of the 
purchaser. 

Identification 

5. Each specimen shall be marked so 
that it may be identified at any time. 
Markings shall not cover more than 
5 per cent of the superficial area of the 
specimen. 

Weight Determination 
Test Specimens 

6. Five full-size tile shall be tested. 
Procedure 

7. The five tile specimens, if not 
in kiln-dry condition, shall be dried to 
constant weight in a ventilated oven at 
110 to US C. (230 to 239 F.) and shall 
then be weighed separately. The bal- 
ance used shall be accurate to within 
0.5 per cent of the weight of the smallest 
specimen tested. 
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Calculations and Reports 

8. (a) The weight per unit area of a 
tile specimen shall be calculated by 
dividing the total weight in pounds by 
the average area in square feet of the 
two faces of the tile as laid in the 
masonry. 

(b) The results shall be reported 
separately for each tile with the average 
for the five tile. 

Compressive Strength 
Test Specimens 

9. Five dry full-size tile shall be 
tested. 

Capping Test Specimens 

10. (a) Bearing surfaces of the test 
specimens and portions adjoining them 
which are liable to absorb water from the 
plastic capping mortar shall be coated 
with shellac and allowed to dry. A 
quantity of plastic mortar, made of un- 
retarded gypsum (plaster of Paris) 
mixed with sufficient water to spread 
evenly, shall be placed on a plane surface 
which has been coated with oil. The 
surface to be capped shall be placed on 
this mortar, and the spechnen, so held 
that its axis is at right angles to the 
capping surface, shall be firmly pressed 
down with a single motion. 

(b) The average thickness of tlie cap 
after the extruded capping mortar has 
been removed and the edges trued shall 
be not more than | in. Patching of 
caps after setting shall not be permitted. 
Imperfect caps shall be removed and 
replaced with new ones. 

(c) When specimens have portions of 
bearing surfaces in different planes, 
these surfaces shaU be made plane and 
approximately parallel by means of a 
filling of mortar composed of one part 
by weight of a quick-hardening cement, 
conforming to the requirements for type 


III cement in the Standard Specifications 
for Portland Cement (A.S,T.M, Designa- 
tion: C 150) of the American Society for 
Testing Materials,'* and two parts of sand. 
The filling shall be aged for 1 day, after 
which the specimens shall be capped as 
specified in I’aragraph (n;). 

(d) The caps shall be aged at least 
2 days before the specimens are tested. 

Procedure 

11. (a) Position of Specimens . — All 
specimens shall be tested in a position 
such that the load is applied in the same 
direction as in service. 

(6) Testing Machine . — The testing 
machine shall conform to the require- 
ments of the Standard Methods of 
Verification of Testing Machines 
(A.S.T.M. Designation: E4) of the 
American Society for Testing Materials.** 

(c) Bearing Block . — The upper bear- 
ing shall be a spherically seated, hard- 
ened metal block firmly attached at the 
center of the upper head of the machine. 
The center of the sphere shall lie at the 
center of the surface of the block in 
contact with the specimen. The block 
shall be closely held in its spherical seat, 
but shall be free to turn in any direction. 
The diameter of the bearing surface 
shall be at least 6 in. A hardened metal 
bearing block shall be used beneath the 
specimen to minimize wear of the lower 
platen of the machine. The bearing 
block surfaces intended for contact 
wdth the specimen should have a hard- 
ness not less than C60 Rockwell number 
(Brinell number 620). These surfaces 
shall not depart from plane surfaces by 
more than 0.001 in. Wlien the bearing 
area of the spherical bearing block is 
not sufficient to cover the area of the 
spechnen, a steel plate with surfaces 
machined to true planes within plus or 
minus 0.001 in., and with a thickness 
equal to at least one-third of the distance 
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from the edge of the spherical bearing 
to the most distant corner, shall be 
placed between the spherical bearing 
block and the capped specimen. 

(d) Speed of Testing . — The speed of 
the moving head of the testing machine 
shall be not more than 0.05 in. per min. 

Calculations and Report 

12. (a) The compressive strength of 
load-bearing wall tile shall be taken as 
the maximum load in pounds, divided 
by the gross cross-sectional area of the 
tile in square inches. The gross area of 
a tile is the total area of a section per- 
pendicular to the direction of the load, 
including areas within cells and within 
re-entrant spaces unless these spaces are 
to be occupied in the masonry by por- 
tions of adjacent masonry. 

{h) The compressive strengths of floor 
tile and non-load-bearing tile shall be 
taken as the maximum load in pounds, 
divided by the net cross-sectional area 
in square inches. The net area of a tile 
is the area of the fired clay in the section 
of minimum area taken perpendicular 
to the direction of the load. 

(c) The results shall be reported 
separately for each tile, with the average 
for the five tile. 

Absorption 
Test Specimens 

13. The specimens for the absorp- 
tion test shall consist of five tile or 
three representative pieces from each 
of these five tile. If small pieces are 
used, two shall be taken from the shell 
and one from an interior web, the weight 
of each piece to be not less than 227 g. 
(0.5 lb.). The specimens shall have 
had their rough edges or loose particles 
ground off and be free from cracks from 
the failure of the tile in compression, 
where taken from tile which have been 
subjected to strength tests. 


Accuracy of Weighings 

14. The balance used shall be sensi- 
tive to within 0.2 per cent of the weight 
of the smallest specimen tested. 

Procedure 

15. {a) Drying.-— k\\ specimens shall 
be dried to constant weight in a venti- 
lated oven at 110 to 115 C. (230 to 
239 F.) 

{b) Saturation . — After obtaining the 
dry weight of the specimens they shall 
be immersed in soft, distilled, or rain 
water, the temperature raised to the 
boiling point, and the water boiled con- 
tinuously for 1 hr. The specimens 
shall then be allowed to cool in the water 
to room temperature. 

(c) Weighing . — After saturation, the 
specimens shall be removed from the 
water and allowed to drain for not more 
than 1 min. The superficial water shall 
then be removed from the specimens 
with a damp cloth, after which they shall 
be weighed immediately. 

Calculations and Report 

16. The absorption shall be calcu- 
lated as a percentage of the initial dry 
weight, carried to the nearest first 
decimal place. The results shall be 
reported separately for each tile, with the 
average for the five tile. 

Freezing and Thawing 
Preparation of Specimens 

17. The specimens for the freezing- 
and-thawing test shall consist of five 
tile or of a cell not less than 4 in. m 
length sawed from each of these five 
tile. The specimens shall be saturated 
by immersion in cold water for at least 
72 hr. prior to starting the freezing. 

Procedure 

18. Any practical method of obtaining 
alternate freezings and thawings may 
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be used, the freezings always to be made 
with fully saturated specimens and the 
time and temperature to be such as to 
insure full freezing and thawing 
throughout the specimen. The initial 
weighing and all weighings for loss of 
weight shall be made on dry specimens. 

Accuracy of Weighings 

19. The balance used shall be sensi- 
tive to within 0.1 per cent of the weight 
of the smallest specimen tested. 


Interpretation of Results 

20. Failure under the freezing-and- 
thawing treatment shall be considered 
to be reached when: 

(a) The specimens show superficial 
disintegration or spalling with loss of 
weight of more than 5 per cent of the 
initial weight, 

(b) The specimens are badly cracked, 
or 

(c) The specimens show evident loss 
of structural strength. 


Standard Definitions of 

TERMS RELATING TO STRUCTURAL CLAY TILE^ 



A.S.T.M. Designation; C 43 - 36 
AnoPTED, 1936 * 

Reapproved in 1944 Without Change. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 43; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Tile 

Structural Clay Tile. — Hollow burned-clay 
masonry building units with parallel cells. 

Note. — The term “tile” is understood, 
within the meaning of these definitions, 
to mean “structural clay tile.” The term 
“terra cotta,” which is applied to ornamental 
building units of burned clay, should not be 
used to designate structural clay tile. 

Load-Bearing Tile. — Tile for use as load- 
bearing structural units in masonry walls. 

Fireproofing Tile. — Tile for use as a protec- 
tion for structural members against fire. 

Partition Tile. — Tile for use in building in- 
terior partitions, subdividing areas into 
rooms, or similar construction, and carry- 
ing no superimposed loads. 

Furring Tile. — Tile for lining tbe inside of 
walls and carrying no superimposed loads. 

Foundation Tile. — Tile for use as load-bear- 
ing structural units in foundation walls. 

Floor Tile. — Tile for use as structural units 
in floor and roof construction. 

Bonding Tile. — Tile designed to provide re- 
cesses for header brick in brick-faced 
walls. 


1 Under the standardization procedure o! the Society, 
these definitions arc under the jurisdiction of the A.S.T.M. 
Gommittt;e C-IS on Manufactured Masonry Units. 

* Prior to their present adoption as standard, these . 
definitions were published as tentative from 1921 to 1924, 
being revised in 1923 and 1924. They were adopted in 
1924, revised in 19.11, but withdrawn and republished as 
tentative from 1933 to 1936, being revised in 1934. 


Book Tile. — Tile with tongue and groove 
edges resembling a book in shape. 

General Terms 

Side-Construction Tfie. — Tile designed to 
receive its principal stress at right angles 
to the axes of the cells. 

End-Construction Tile.— Tile designed to 
receive its principal stress parallel to the 
axes of the cells. 

Salt-Glazed Tile. — Tile with vitreous glaze 
on its surface produced by burning salt 
in the kiln at the temperature used in 
finishing the burning. 

Porous Structural Clay Tile.— Tile in which 
the natural porosity of the clay has been 
increased by the admixture of other 
ingredients. 

Raw Materials 

Shale. — A thinly stratified, consolidated, 
sedimentary clay® with well-marked cleav- 
age parallel to the bedding. 

Fire Clay.— A sedimentary clay® of low flux 
content. 

Note. — Fire clay is usually associated with 
coal measures. 


*The definitions for the terms “shale,” “fire clay” 
and ‘ ‘surface clay’ ’ are based upon the following definition 
of the term “clay.” 

Clay.— An earthy or stony mineral aggregate consist- 
ing essentially of hydrous silicates of alumina, plastic 
when sufficiently pulverized and wetted, rigid when dry, 
and vitreous when fired to a sufficiently high temperature. 
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Surface Clay. — An unconsolidated, unstrati- 
fied clay,® occurring on the surface. 

Designation oe Dimensions 

Thickness. — That dimension designed to lie 
at right angles to the face of the wall, 
floor, or other member in which it is used. 

Width. — ^That dimension measured at right 
angles to the direction of its thickness 
and length. 

Length. — That dimension measured be- 
tween the cut ends. 

Note 1. — In practice, the first dimension 
given represents tliickness; the second, 
width; the third, length. 

Note 2. — Gross area is taken as total area 
enclosed by the outside dimensions of the 


unit in a direction perpendicular to that in 
which load is carried. 

Note 3.— Net area shall be taken as the 
area of solid material in shells and webs act- 
ually carrying stresses through the units in a 
direction parallel to the direction of loading. 

Parts, Openings, and Surface Features 

Shell. — ^The outer walls. 

Webs. — ^The partitions dividing it into ceils. 

Cells. — Hollow spaces enclosed within the 
perimeter of the exterior shells and having 
a minimum dimension of not less than 
i in. and a cross-sectional area of not 
less than 1 sq. in. 

Scoring. — ^The grooves formed in the ex- 
terior faces of the shells to increase the 
bond of mortar, plaster, or stucco. 



APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A79.1-1944 


Standard Specifications for 
HOLLOW LOAD-BEARING CONCRETE MASONRY UNITS' 



A.S.T.M. Designation: C 90 - 44 

Adopted, 1936; Revised, 1939, 1944.® 

This Standard of the American Society for Testing Materials is issued under the 
fixed designation C 90; the final number indicates the year of original adop- 
tion as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover hollow 
load-bearing concrete masonry wall units 
made from portland cement and suitable 
aggregates such as sand, gravel, crushed 
stone, bituminous or anthracite cinders, 
burned clay or shale, and blast-furnace 
slag.® 

Note. — W hen a particular surface texture, 
finish, or uniformity of color is desired, these 
features should be specified separately by the 
purchaser. 

Cinder Aggregate 

2. The combustible content present 
in cinder aggregate shall not exceed 35 
per cent of the weight of the aggregate. 

Physical Requirements 

3. At the time of delivery to the site 
of the work the units shall conform 
to the physical requirements prescribed 
in Table I. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-IS on Manufactured Masonry 
Units. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1931 to 1936, being re- 
vised in 1933 and 1934. 

> When fire tests are required they shall be conducted 
in accordance with the Standard Methods of Fire Tests 
of Building Construction and Materials (A.S.T.M. Des- 
ignation: C 19), which appears in this publication, see 
Contents in Numeric Sequence of A.S.T.M. Designations 
at front of book. 


TABLE I.-PHYSICAL REQUIREMENTS. 


Minimum Face 
Shell Thickness, 

Compressive 
Strength, min.,psi. 
(Average Gross 
Area) 

Water 

Absorp- 

tion, 

max., lb. 
p.cn. 

Moisture 
Content, 
max., 
per cent 


Average 
of 5 
Units 

Individ- 
ual Unit 

Average 
of S 
Units 

Average 
of S 
Units 

IM or over: 





Grade A“ 

1000 

800 

IS 

40 

Grade 

700 

600 


40 

Under 1}^ and 





over % 

1000 

800 

IS 

40 


“ For use in exterior walls below grade, and for un* 
protected exterior walls above grade. 

" For general use above grade where protected from 
the weather with two coats of portland cement paint or 
other satisfactory waterproofing treatment approved by 
the purchaser. 

Permissible Variations in Dimensions 

4. No over-all dimension shall vary 
more than 3 per cent over or under the 
specified dimension for any form of unit. 

Visual Inspection 

5. (a) All units shall be sound and 
free from cracks or other defects that 
would interfere with the proper placing 
of the unit or impair the strength or 
permanence of the construction. 

(6) Units- that are intended to serve 
as a base for plaster or stucco shall have 
a sufiSciently rough surface to afford good 
bond. 
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Marking 

6. All units shall bear a distinctive 
mark of the manufacturer or shall be 
otherwise readily identified as to origin. 

Sampling and Testing 

7. (a) The purchaser or his authorized 
representative shall be accorded proper 
facilities to inspect and sample the units 
at the place of manufacture from the 
lots ready for delivery. At least ten 
days should be allowed for completion 
of the tests. 

(b) Units shall be sampled and tested 
in accordance with the Standard Meth- 
ods of Sampling and Testing Concrete 
Masonry Units (A.S.T.M. Designation: 
C 140) of the American Society for Test- 
ing Materials.^ 


Rejection 

8. In case the shipment fails to con- 
form to the requirements, the manu- 
facturer may sort it, and new specimens 
shall be selected by the purchaser from 
the retained lot and tested at the expense 
of the manufacturer. In case the second 
set of specimens fails to conform to the 
test requirements, the entire lot shall 
be rejected. 

Expense of Tests 

9. Except as specified in Section 8, 
and unless otherwise agreed, the expense 
of inspection and testing shall be borne 
by the purchaser. 


■> Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A80.1-1942 


Standard Specifications for 

HOLLOW NON-LOAD-BEARING CONCRETE MASONRY UNITS' 



A.S.T.M. Designation: C 129 - 39 
Adopted, 1939.® 

Reapproved in 1944 Without Change. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 129; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover hollow 
non-load-bearing concrete masonry wall 
units made from portland cement and 
suitable aggregates such as sand, gravel, 
crushed stone, bituminous or anthracite 
cinders, burned clay or shale, and blast- 
furnace slag. 

Note. — W hen a particular surface texture, 
finish, or uniformity of color is desired, these 
features should be specified separately by the 
purchaser. 

Cinder Aggregate 

2. The combustible content present 
in cinder aggregate shall not exceed 35 
per cent of the weight of the aggregate. 

Physical Requirements 

3. At the time of delivery to the site 
of the work the units shall conform to 
the physical requirements prescribed in 
Table I. 

^ Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-IS on Manufactured Masonry 
Units. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1937 to 1939, being re- 
vised in 1938 and 1939. 


Dimensions and Permissible Variations 

4. (a) Minimum face shell thickness 
shall be not less than in. 

(&) No over-all dimension shall vary 
more than 3 per cent over or under the 
specified dimension for any form of unit. 

Visual Inspection 

5. {a) All units shall be sound and 
free from cracks or other defects that 


TABLE I.-PHYSICAL REQUIREMENTS. 


Compressive Strength, min., psi. 
(Average Gross Area) 

Moisture Content, 
max., per cent 
of total absorption 

Average of 5 Units 

Individual Unit 

.Average of S Units 

3S0 

300 

40 


would interfere with the proper placing 
of the unit. 

(5) Units that are intended to serve 
as a base for plaster or stucco shall 
have a sufficiently rough surface to 
afford good bond. 

Marking 

6. All units shall bear a distinctive 
mark of the manufacturer or shall be 
otherwise readily identified as to origin. 
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Sampling and Testing 

7. (a) The purchaser or his authorized 
representative shall be accorded proper 
facilities to inspect and sample the units 
at the place of manufacture from the 
lots ready for delivery. At least ten 
days should be allowed for completion of 
the tests. 

(b) Units shall be sampled and tested 
in accordance with the Standard Meth- 
ods of Sampling and Testing Concrete 
Masonry Units (A.S.T.M. Designation: 
C 140) of the American Society for 
Testing Materials.® 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Rejection 

8, In case the shipment fails to con- 
form to the requirements, the manu- 
facturer may sort it, and new specimens 
shall be selected by the purchaser from 
the retained lot and tested at the ex- 
pense of the manufacturer. In case the 
second set of specimens fails to conform 
to tlie test requirements, the entire lot 
shall be rejected. 

Expense of Tests 

9. Except as specified in Section 8, 
and unless otherwise agreed, the expense 
of inspection and testing shall be borne 
by the purchaser. 



AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A81.1-1942 


Standard Specifications for 
SOLID LOAD-BEARING CONCRETE MASONRY UNITS' 



A.S.T.M. Designation: C 145-40 
Adopted, 1940.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 145; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover solid 
load-bearing concrete masonry wall units 
(concrete block or tile units with 75 
per cent or more net area) made from 
Portland cement and suitable aggregates 
such as sand, gravel, crushed stone, bi- 
tuminous or anthracite cinders, burned 
clay or shale, and blast-furnace slag.® 
Two grades of units are covered: grade 
A and grade B. 

Note. — W hen a particular surface texture, 
finish, or uniformity of color is desired, these 
features should be specified separately by the 
purchaser. 

Cinder AggTegate 

2. The combustible content present in 
cinder aggregate shall not exceed 35 
per cent of the weight of the aggregate. 

Physical Requirements 

3. (a) At the time of delivery to the 
site of the work the units shall conform 
to the physical requirements for the 
grades specified, as prescribed in Table I. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-IS on Manufactured Masonry 
Units. 

* Prior to adoption as standard, these specifications 
.were published as tentative from 1939 to 1940. 

s When fire tests are required they shall be conducted 
in accordance with the Standard Methods of Fire 
Tests of Building Construction and Materials (A.S.T.M. 
Designation ; C 19) , which appears in this publication, see 
Contents in Numeric Sequence of A.S.T.M. Designations 
at front of book. 


{h) Units that are not exposed to the 
weather or soil in the finished work need 
not conform to the absorption require- 
ment prescribed in Table I. 


TABLE I.-PHYSICAL REQUIREMENTS. 



Compressive 
Strength, min.,psi. 
(Average Gross 
Area) 

Water 

Absorp- 

tion, 

max., ib.l 
per cu. i 
ft. 

Moisture 
Content, 
max., 
per cent 

Average 
of 5 
Units 

Individ- 
ual Unit 

Average 
of S 
Units 

Average 

ofS 

Units 

Grade A 

Grade B 

1800 

1200 

1600 

1000 

15 

IS 

40 

40 


Notk. — T he above classification is based on strength 
and does not necessarily measure weather resistance. 


Dimensions and Permissible Variations 

4. {a) The average net area of the 
unit shall not be less than 75 per cent 
of the gross area. 

(6) No over-all dimension shall vary 
more than 3 per cent over or under the 
specified dimension for any form of unit. 

Visual Inspection 

5. {a) All units shall be sound and 
free from cracks or other defects that 
would interfere with the proper placing 
of the unit, or impair the strength or 
permanence of the construction. 
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(b) Units that are intended to serve 
as a base for plaster or stucco shall have 
a sufficiently rough surface to afford 
good bond. 

Marking 

6. All units shall bear a distinctive 
mark of the manufacturer or shall be 
otherwise readily identified as to origin^ 

Sampling and Testing 

7. (a) The purchaser or his authorized 
representative shall be accorded proper 
facilities to inspect and sample the 
units at the place of manufacture from 
the lots ready for delivery. At least ten 
days should be allowed for completion of 
the tests. 

(b) Units shall be sampled and tested 
in accordance with the Standard Meth- 
ods of Sampling and Testing Concrete 


Masonry Units (A.S.T.M. Designation: 
C 140) of the American Society for 
Testing Materials.^ 

Rejection 

8. In case the shipment fails to con- 
form to the requirements, the manu- 
facturer may sort it, and new specimens 
shall be selected by the purchaser from 
the retained lot and tested at the expense 
of the manufacturer. In case the second 
set of specimens fails to conform to the 
test requirements, the entire lot shall 
be rejected. 

Expense of Tests 

9, Except as specified in Section 8, 
and unless otherwise agreed, the expense 
of inspection and testing shall be borne 
by the purchaser. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A73.I-1942 


Standard Specifications for 

CONCRETE MASONRY UNITS FOR CONSTRUCTION OF 
CATCH BASINS AND MANHOLES' 



A.S.T.M. Designation: C 139 - 39 

Adopted, 1939.* 

Reapproved in 1944 Without Change, 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 139; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1 , These specifications cover solid, pre- 
cast, segmental concrete masonry units 
made from portland cement and suitable 
aggregates such as sand, gravel, crushed 
stone, and air-cooled blast-furnace slag. 
The units are intended for use in the 
construction of catch basins and man- 
holes. 

Physical Requirements 

2. At the time of delivery to the site 
of the work the units shall conform to 
the physical requirements prescribed in 
Table I. 


TABLE I.-PHYSICAL REQUIREMENTS. 


Compressive Strength, 
min., psi. 

(Average Gross Area) 

Water Absorption, max, 
per cent 

Average of 

S Units 

Individual 

Unit 

Average of 

5 Units 

Individual 

Unit 

3500 

2000 

8 

10 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-IS on Manufactured Masonry 
Units. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1938 to 1939. 


Dimensions and Permissible Variations 

3. {a) The thickness of unit shall be 
not less than 5 in. 

(6) No over-all dimension shall vary 
more than 3 per cent over or under the 
specified dimension for any form of unit. 

Visual Inspection 

4. All units shall be sound and free 
from cracks or other defects that would 
interfere with the proper placing of the 
unit. 

Marking 

5. All units shall bear a distinctive 
mark of the manufacturer or shall be 
otherwise readily identified as to origin. 

Sampling and Testing 

6. (a) The purchaser of his authorized 
representative shall be accorded proper 
facilities to inspect and sample the units 
at the place of manufacture from the 
lots ready for delivery. At least ten 
days should be allowed for completion of 
the tests. 

(J) Units shall be sampled and tested 
in accordance with the Standard Meth- 



SPEcmcATioNS EOB. MASONRY UNITS TOR Catch Basins (C 139 - 39) 209 


ods of Sampling and Testing Concrete 
Masonry Units (A.S.T.M. Designation: 
C 140) of the American Society for 
Testing Materials.® 

Rejection 

7. In case the shipment fails to con- 
form to the requirements, the manu- 
facturer may sort it, and new specimens 
shall be selected by the purchaser from 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


the retained lot and tested at the ex- 
pense of the manufacturer. In case the 
second set of specimens fails to conform 
to the test requirements, the entire lot 
shall be rejected. 

Expense of Tests 

8. Except as specified in Section 7, 
and unless otherwise agreed, the ex- 
pense of inspection and testing shall be 
borne by the purchaser. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A84.1-1942 


Standard Methods of 

SAMPLING AND TESTING CONCRETE MASONRY UNITS' 



A.S.T.M. Designation: C 140 - 39 
Adopted, 1939.® 

Reapproved in 1944 Without Change. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 140; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for the sampling and testing of concrete 
masonry units for compressive strength, 
absorption, weight, and moisture content. 

Note. — Procedures for the sampling and test- 
ing of concrete brick are covered in the Stand- 
ard Methods of Sampling and Testing Brick 
(A.S.T.M. Designation: C 67) of the American 
Society for Testing Materials.® 

Definitions of Terms 

2. The Standard Definitions of Terms 
Relating to Methods of Testing 
(A.S.T.M. Designation: E6) of the 
American Society for Testing Materials® 
shall be considered as applying to the 
terms used in these methods. 

Sampling 

Selection of Test Specimens 

3. For purpose of tests, full-size con- 
crete masonry units shaU be selected by 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.TJtt. 
Committee C-IS on Manufactured Masonry Units. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1938 to 1939, being revised 
m 1939. 

2 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 


the purchaser or by his authorized repre> 
sentative. Specimens shall be repre- 
sentative of the whole lot of units from 
which they are selected. If test speci- 
mens are selected at the site of the work, 
units for moisture content tests shall be 
taken within 48 hr. after delivery. 

Number of Specimens 

4. For the strength, absorption and 
moisture content determinations, 10 
individual units shall be selected from 
each lot of 10,000 units or fraction 
thereof and 20 individual units from 
each lot of more than 10,000 and less 
than 100,000 units. For lots of more 
than 100,000 units 10 individual units 
shall be selected from each 50,000 units 
or fraction thereof contained in the lot. 
In no case shall less than 10 units be 
taken. Additional specimens may be 
taken at the discretion of the purchaser. 

Identification 

5. (a) Each specimen shall be marked 
so that it may be identified at any time. 
Markings shall not cover more than 5 
per cent of the superficial area of the 
specimen. 
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(b) Units for moisture content tests 
shall be weighed immediately after sam- 
pling and marking. 

Compressive Strength 
Test Specimens 

6. Five air-dry full-size units Shall be 
tested. 

Capping Test Specimens 

7. (a) A quantity of plastic capping 
mortar, made of one part (by volume) of 
Portland cement and one part of calcined 
gypsum (plaster of Paris) mixed with 
sufficient water to spread evenly, shall 
be placed on a plane surface which has 
been coated with oil. The surface to be 
capped shall be placed on this mortar, 
and the specimen, so held that its axis 
is at right angles to the capping surface, 
shall be firmly pressed down with a 
single motion. 

(b) The average thickness of the cap 
after the extruded capping mortar has 
been removed and the edges trued shall 
be not more than | in. Patching of 
caps after setting shall not be permitted. 
Imperfect caps shall be removed and 
replaced with new ones. 

(c) The caps shall be aged at least 6 hr. 
before the specimens are tested. 

Procedure 

8. (a) Position of Specimens. — All 
specimens shall be tested in a position 
such that the load is applied in the same 
direction as in service. 

{b) Testing Machine. — The testing 
machine shall conform to the require- 
ments of the Standard Methods of 
Verification of Testing Machines 
(A.S.T.M. Designation: E 4) of the 
American Society for Testing Materials.® 

(c) Bearing Blocks. — The upper bear- 
ing shall be a spherically seated, hard- 


ened metal block firmly attached at the 
center of the upper head of the machine. 
The center of the sphere shall lie at the 
center of the surface of the block in 
contact with the specimen. The block 
shall be closely held in its spherical seat, 
but shall be free to turn in any direction. 
The diameter of the bearing surface 
shall be at least 6 in. A hardened metal 
bearing block shall be used beneath the 
specimen to minimize wear of the lower 
platen of the machine. The bearing 
block surfaces intended for contact with 
the specimen should have a hardness 
not less than C60 Rockwell number 
(Brinell number 620). These surfaces 
shall not depart from plane surfaces by 
more than 0.001 in. When the bearing 
area of the spherical bearing block is not 
sufficient to cover the area of the speci- 
men, a steel plate with surfaces machined 
to true planes within plus or minus 
0.001 in., and with a thickness equal to 
at least one-third of the distance from 
the edge of the spherical bearing to the 
most distant corner, shall be placed be- 
tween the spherical bearing block and 
the capped specimen. 

(d) Speed of Testing. — The speed of 
the moving head of the testing machine 
shall be not more than 0.05 in. per min. 

Calculations and Report 

9. (a) The compressive strength of a 
concrete masonry unit shall be taken as 
the maximum load in pounds divided by 
the gross cross-sectional area of the unit 
in square inches. The gross area of a 
unit is the total area of a section per- 
pendicular to the direction of the load, 
including areas within cells and within 
re-entrant spaces unless these spaces are 
to be occupied in the masonry by por- 
tions of adjacent masonry. 

{b) Net Area. — ^The average percent- 
age of net area of the unit is equal to the 
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net volume divided by the gross volume 
and multiplied by 100: 

net vol. X 100 
Net area) per cent = j — 


Net volume, cu. ft. 


dry \vt. of unit 
wt. per cu. ft. 


Gross volume, cu. ft. 


TXHXL 

1728 


dry-wt. X62.4 

Weight per cu. ft., lb. = wt. - sui.ended 
immersion wt. 

where ; 

T — thickness of the unit in inches, 
H — height of the unit in inches, and 
L == length of the unit in inches. 
ic) The results shall be reported 
separately for each unit, with the average 
for the five units. 

Absorption 


Test Specimens 

10. Five full-size units shall be used. 
Accuracy of Weighings 

11. The balance used shall be sensi- 
tive to within 0.5 per cent of the weight 
of the smallest specimen tested. 

Procedure 

12. (a) Saturation . — The test speci- 
mens shall be completely immersed in 
water at room temperature at from 15.6 
to 26.7 C. (60 to 80 F.) for 24 hr. The 
specimens shall then be weighed while 
suspended with a metal wire and com- 
pletely submerged in water. They shall 
be removed from the water and allowed 
to drain for 1 min. by placing on a f-in. 
or coarser wire mesh, visible surface 
water being removed with a damp cloth, 
and immediately weighed. 


(6) Drying.— SvihsQqucnt to satura- 
tion all specimens shall be dried in a 
drier or oven at 100 to 115 C. (212 tn 
239 F.) and weighed at 24-hr. intervals 
until the loss in weight does not exceed 
1 per cent in a 24-hr, period. 

Calculations and Report 

13. (a) Absorption . — The absorption 
in pounds per cubic foot of concrete is 
equal to 62.4 times the difference be- 
tween the wet and dry weights divided 
by the difference between the wet weight 
and the suspended weight immersed: 

Absorption, lb. per cu. ft. = 

(wet wt. — dry wt.) X 62.4 
(wet wt. — suspended wt. immersed) 

The absorption expressed as a per- 
centage of the dry weight is equal to the 
difference between the wet and dry 
weights divided by the dry weight and 
multiplied by 100: 

.. ^ (wetwt.-drywt.)XlOO 

Absorption, percent* 

dry wt. 

{h) Moisture Content . — The moisture 
content of the units at time of sampling 
(expressed as a percentage of the total 
absorption) is the difference between 
the average weight as sampled and the 
average dry weight divided by the differ- 
ence between the average wet weight 
and the average dry weight and multi- 
plied by 100: 

Moisture content, per cent = 

(sampled wt. — dry wt.) X 100 
(wet wt. — dry wt.) 

(c) Report . — The results shall be re- 
ported separately for each unit, with 
the average for the five units. 



Standard Methods of Test for 

ABSORPTION AND APPARENT SPECIFIC GRAVITY 
OF NATURAL BUILDING STONE' 



A.S.T.M. Designation: C 97 - 36 

Adopted, 1936 * 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 97 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods of test cover the 
procedures for determining the absorp- 
tion by weight or by volume, and the 
apparent specific gravity of natural 
building stones used for exterior or 
interior construction or decorative pur- 
poses. The calculation of the dry 
weight of the stone in pounds per cubic 
foot may also be made from the results 
of the apparent specific gravity test. 

Absorption 
Test Specimens 

2. Samples shall be supplied of suffi- 
cient size to provide not less than three 
test specimens of some regular form 
such as a cube, prism, or cylinder whose 
greatest dimension shall be not more 
than 3 in. and whose least dimension 
shall be not less than 2 in. All surfaces 
of specimens shall be smooth finished. 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-18 on Natural Building Stones and Slate. 

! Prior to adoption as standard, these methods were 
published as tentative from 1930 to 1936, being revised in 
1931. Editorially revised and rearranged in 1939. 


No chisels or other hand tools shall be 
used in finishing specimens. 

Procedure 

3. (a) The specimens shall be dried 
in an oven at 110 to 120 C. for at least 
24 hr. 

(J) After drying, the specimens may 
be cooled in the room for 30 min. and 
then weighed. When the specimens 
cannot be weighed immediately after 
cooling, they shall be placed in a desic- 
cator. The weight shall be determined 
to the nearest 0.05 g. 

(c) The specimens shall be entirely 
immersed in distilled water at approxi- 
mately 20 C. for two weeks. At the 
end of this period the specimens shall 
be removed one at a time, all faces and 
edges thoroughly wiped off with a damp 
cloth, and each specimen immediately 
weighed to the nearest 0.05 g. 

Note.— -The operator should distinguish be- 
tween a damp cloth and a wet one. In starting 
the operation, the towel should be sprinkled 
lightly. When the surface of the specimen is 
properly wiped off, it should appear dry. 
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Calculations and Report 

4. (a) The percentage of absorption 
shall be calculated as follows: 

B - A 

Absorption, per cent == — ~ — X 100 
where : 

A — weight of the dried specimen, 
and 

B == weight of the specimen after 
immersion. 

(b) In general, the average of all the 
tests shall be reported as the absorption 
of the stone. Individual determina- 
tions which differ by more than 25 
per cent from the average of all the 
determinations may be disregarded when 
there is evidence that such results are 
of uncertain value. The absorption 
shall then be reported as the average 
of the remaining determinations, but all 
determinations shall be reported as 
information. 

(c) The absorption value obtained 
from this test is the percentage absorp- 
tion by weight. To convert the result 
to percentage absorption by volume, 
multiply by the value of the apparent 
specific gravity as determined with the 
same specimens in accordance with 
Sections 5 and 6. 

(d) The report of the absorption test 
shall state whether the absorption has 
been determined according to weight or 
volume and, if the percentage of volume 
absorption is reported, there shall also 
be reported the percentage absorption 
by weight and the apparent specific 
gravity. 


Apparent Specific Gravity 
Weighing 

5. To obtain the apparent specific 
gravity, the weight of the specimen 
suspended in water shall be determined 
mmediately after the weighing of the 
pecimen described in Section 3. 

Note. — When weighing the specimen sus- 
pended in water, various methods of suspending 
the specimen from the balance beam are in use. 
Fine silk thread or a cradle of light wire whose 
weight has been carefully determined may be 
convenient. The cradle should be of such con- 
struction that there will be no possibility of air 
bubbles forming in it. The water container 
should be of glass and may be supported on a 
platform which straddles the balance pan, this 
method allowing the weighings to be made 
without detaching the pan. 

Calculations and Report 

6. (a) The apparent specific gravity 
shall be calculated as follows: 

Apparent specific gravity » — 

B — C 

where: 

A = weight of the dried specimen, 

B = weight of the wet specimen 
after immersion, and 

C = weight of the specimen sus- 
pended in water. 

(6) The apparent , specific gravity 
shall be calculated for those specimens 
whose absorption values are to be 
averaged as described in Section 4 (d), 
and the average of the apparent specific 
gravities so calculated shall be reported 
as that of the stone. 

Note. — To determine the weight of the dry 
stone in pounds per cubic foot, multiply the 
apparent specific gravity by 62.4. 



Standard Method oj 

FLEXURE TESTING OF NATURAL BUILDING STONE^ 

DETERMINATION OF MODULUS OF RUPTURE 



A.S.T.M. Designation: C 99 - 36 
Adopted, 1936.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 99: the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
procedure for determining the modulus 
of rupture of natural building stones 
used for exterior or interior construction 
or decorative purposes. 

Apparatus 

2. {a) Testing Machine . — The testing 
machine shall be sensitive to 5 lb. when 
loaded to 500 lb, 

{h) Knife-Edges . — For the support 
of the test specimen a set of knife-edges 
similar to those shown in Fig. 1 shall be 
provided. The load shall be applied 
through a third knife-edge of the same 
type. 

Test Specimens 

3. {a) Samples shall be representative 
of the material and shall consist of 
sections cut from apparently sound ma- 
terial, preferably quarry blocks or slabs. 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-18 on Natural Building Stones and Slate. 

2 Prior to adoption as standard, this method was 
published as tentative from 1930 to 1936, being revised in 
1931. Editorially revised and rearranged in 1939. 


The direction of bedding or rift planes 
shall be plainly marked on the sample. 
The sample supplied shall be of suffi- 
cient size to provide all of the specimens 
required for the test. 

{h) The test specimens shall be sawed 
from the sample and shall be finished 
as closely as practicable to 12 by 4 by 1 
in. in size either by the use of grinding 
wheels or by hand rubbmg with abrasive 
powders on steel plates. The 1 2 by 4-in. 
faces shall be made as nearly plane and 
parallel as practicable. No hand cut- 
ting with chisels or other tools shall be 
permitted. 

Types of Specimens 

4. Three or more specimens shall be 
prepared for each required combina- 
tion of load application and bedding or 
rift plane direction, such as are shown 
in Fig. 2 and noted below: 

(i) Load applied perpendicular to 
bedding or rift planes, 

{2) Load applied parallel to bedding 
or rift planes, and 

(3) Load applied perpendicular to 
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bedding or rift planes with the bedding 
or rift planes vertical. 

Marking Specimens 

5. The load-bearing surfaces and the 
direction of bedding or rift planes shall 
be carefully marked on each specimen 
after finishing. 

Measuring Specimens 

6. The thickness and width of the 
specimen at the mid-section shall be 
measured to the nearest 0.01 in. 

Conditioning 

7. Before testing, the specimens shall 
be dried in an oven at 110 to 120 C. 
for 24 hr. 

Procedure 

8. The test specimen shall be sup- 
ported on the knife-edges on 10-in. 
centers and the load applied at the 
center of the specimen through the 



Fig. 1. — Self-Adjusting Knife-Edge Bearing and 
Load-Application Device. 


third knife-edge (see Fig. 2). The load 
shall be applied at the rate of 100 lb. 
per min. The breaking load shall be 
recorded to the nearest 5 lb. 

Calculations and Report 

9. (a) The modulus of rupture shall 
be calculated as follows: 

2bd^ 


where: 

R = modulus of rupture, 
w = breaking load in pounds, 

I = length of span in inches, 
b = width of specimen in inches, and 
d = thickness of specimen in inches. 
(b) The average value of the modulus 
obtamed from a group of not less than 
two specimens shall be reported as the 



Perpendicular to 
Beddinp or Rif / 



Parallel fo 
Bedding or Riff 



Perpendicular fo Bedding 
or Riff on Edge 


Dashed lines indicate direction of bedding or rift. 
Arrows indicate direction of loading. 

Fig. 2. — ^Methods of Applying Load with 
Reference to Bedding or Rift. 

modulus of rupture for the condition of 
loading and direction of bedding or rift 
used. In case any specimen shows a 
value 25 per cent lower than the average 
of its group, it shall be examined for 
defects, and if the low value appears to 
be due to imperfections, the average of 
the other specimens in the group shall be 
reported as the modulus of rupture of 
the group. All determinations shall be 
reported as information. 



Standard Method of Test for 

MODULUS OF ELASTICITY OF NATURAL BUILDING 
STONEi 



A.S.T.M. Designation: C 100 - 36 
Adopted, 1936.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 100; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
procedure for determining the modulus 
of elasticity in compression or in flexure 
of natural building stones used for 
exterior or interior construction or 
decorative purposes. 

Apparatus 

2. (a) Elasticity in Flexure . — For de- 
termining the elasticity in flexure, the 
testing machine and knife-edges shall 
conform to the requirements prescribed 
in Section 2 of the Standard Method 
of Flexure Testing of Natural Build- 
ing Stone (Determination of Modulus 
of Rupture) (A.S.T.M. Designation: 
C 99) of the American Society for 
Testing Materials.® A suitable deflec- 
tometer capable of measuring the deflec- 
tion of the specimen to 0.0001 in. and 
of such design that it may be attached 
to the specimen shall be used. A 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-18 on Natural Building Stones and Slate. 

“Prior to adojotion as standard, this method was 
published as tentative from 1931 to 1936. Editorially re- 
vised and rearranged in 1939. 

“ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


nieasurmg device of satisfactory type is 
shown in Fig. 1 {h). 

{b) Elasticity in Compression . — For 
determining the elasticity in compres- 
sion, any form of standard testing 
machine may be used for the compression 
test together with a spherical bearing 
block large enough to entirely cover the 
specimen, but not greater in diameter 
than three times the width of the loaded 
face of the specimen. A compres- 
someter of the averaging type capable of 
measuring the compression of the speci- 
men to 0.00002 in. shall be used. A 
measuring device of satisfactory type 
is shown in Fig. 1 (a). 

Test Specimens 

3. (a) Samples shall be representa- 
tive of the material and shall consist of 
sections cut from apparently sound ma- 
terial, preferably quarry blocks or slabs. 
The direction of the bedding planes or 
rift shall be plainly marked on the 
sample. The sample shall be of suffi- 
cient size to allow the preparation of 
not less than three specimens having 
the bedding planes or rift running in 
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the proper direction for the kind of test 
specified, that is, either parallel or per- 
pendicular to the face of the specimen 
to which pressure is to be applied in 
the test. 

(b) Elasticity in Flexure. — For deter- 
mining elasticity in flexure, the same 
size and shape specimens specified in 
Sections 3 and 4 of the Standard Method 
of Flexure Testing of Natural Building 
Stone (Determination of Modulus of 
Rupture) (A.S.T.M, Designation: C 99) 
of the American Society for Testing 
Materials^ shall be used. 


(c) Elasticity in Compression. — For 
determining elasticity in compression, 
prismatic pieces 3| by 3| by 12 in. 
shall be used, and the sides of the blocks 
shall be finished to approximate planes. 

(d) The specimens shall be cut from 
the original samples with saws. No 
hand cutting with chisels or other tools 
shall be permitted. The load-bearing 
surfaces shall be finished to as nearly 
true and parallel planes as possible, 
grinding wheels or the use of abrasive 
powders and rubbing plates affording 
convenient means of obtaining satis- 
factory surfaces. 


Marking Specimens 

4. The load-bearing surfaces and the 
direction of the bedding planes or rift 
shall be carefully marked on each speci- 
men after finishing. 

Measuring Specimens 

5, The dimensions of the specimen 
shall be measured to the nearest 0.01 
in. The width and thickness at the 
center section shall be used in calculating 
the elasticity in flexure and also in 
compression. The length or height of 
the specimen shall be recorded and the 


gage length used shall be measured and 
centered along the length or height. 

Conditioning 

6. {a) Dry Condition. — Specimens to 
be tested in the dry condition shall be 
dried in an oven at 110 to 120 C. for 
24 hr. immediately preceding the test. 

(&) Wet Conditio7i. — Specimens to be 
tested in the wet condition shall be 
completely immersed in water at room 
temperature for at least two weeks, 
and shall be kept in water until im- 
mediately preceding the test. 



(o) Compressometer. {p) Deflectometer. 

Fig. 1. — Assembled Views of Apparatus for Modulus of Elasticity Test. 
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Procedure 

7. (a) Elasticity in Flexure. — For 
determining elasticity in flexure, the 
slab shall be set up on the knife-edge 
bearings, the deflectometer attached, 
and an initial load of 20 lb. applied. 
After setting the dial to approximately 
zero and noting the readings, the load 
shall be increased by 10-lb. increments 
and readings of the deflectometer made 
for each 50 lb. of load. The reading of 
the dial shall be recorded to the nearest 
0.0001 m. The loading shall be con- 
tinued until failure of the specimen 
occurs. 

{h) Elasticity in Compression. — For 
determining elasticity in compression, 
the compressometer shall be attached 
to the specimen and then the specimen 
accurately centered in the testing ma- 
chine with the spherical bearing block 
on the top of the specimen. The center 
of the spherical surface of the bearing 
block shall lie in the face of the bearing 
block in contact with the top bearing 
surface of the specimen. The spherical 
bearing shall be kept well lubricated to 
insure accurate adjustment, which 
should be made by hand under a small 
initial load. The speed of the moving 
head of the testing machine during the 
application of the load shall be not 
more than 0.05 in, per min. 

An initial load of 500 lb. shall be 
applied and the dial set to zero. Load 
increments of 5000 lb. each shall be 
applied thereafter up to approximately 
one-half of the estimated breaking 
load of the specimen, stopping the test- 
ing machine at each 5000-lb. loading to 
read the compressometer, the readings 
being recorded to the nearest 0.00002 
in. After taking the reading at the last 
5000-lb. load increment, the load shall 
be gradually released to 500 lb, and the 
dial again read. The dial shall then be 
reset to zero if necessary and a second 


application of the load made as before. 
The load shall be fully remo^>ed after 
the reading at 500 lb. following the 
second load application and the specimen 
removed from the testing machine. 
The compressometer shall then be re- 
moved and reattached with the specimen 
turned 90 deg. from its original position. 
A third application of the load shall 
then be made as before. 

Calculations 

8. {a) Elasticity in Flexure. — The 
modulus of elasticity in flexure shall be 
calculated by use of a load-deflection 
diagram on which the deflections shall be 
plotted against the loads. A straight 
line shall be drawn through the origin 
parallel to the proportional part of the 
curve. The modulus of elasticity shall 
then be calculated as follows : 

iAbtF 

where: 

E — modulus of elasticity in pounds 
per square inch, 

w = load ordinate at some con- 
venient point on the line 
through the origin, 

A = deformation ordinate of load 
point chosen, 

I = length between supporting knife- 
edges in inches, 

h = width of specimen at the center 
in inches, and 

d = thickness of specimen at the 
center in inches. 

(5) Elasticity in Compression. — The 
modulus of elasticity in compression 
shall be calculated by use of a load- 
deformation diagram on which the 
deformations shall be plotted against 
the loads. A straight line shall be 
drawn through the origin parallel to 
the proportional part of the curve. The 
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modulus of elasticity shall be calcu- 
lated as follows: 



where : 

E = modulus of elasticity in pounds 
per square inch, 

s = unit stress in pounds per square 
inch, 

d = unit deformation at some con- 
venient point on the line 
through the origin, 

P == total load on specimen at point 
corresponding to d on line 
through the origin, and 

A ~ area of specimen at center 
section. 

Report 

9. The report shall include the fol- 
lowing; 

{a) The individual and averaged 
modulus of elasticity in pounds per 
square inch in flexure or compression 
for each group of specimens. Each 
individual test shall be reported, and 
for the modulus of elasticity of the 


material the average of all tests shall be 
used except where an individual result 
varies from the average of its group by 
more than 25 per cent, in which case 
such individual result shall be reported 
as information only. 

{h) The types and approximate sizes 
of specimens used, 

(c) The condition of the specimen 
when tested, whether wet or dry, 

{d) The direction of the application 
of the load relative to the bedding 
planes or rift of the specimens. When 
the load has been applied on a line 
perpendicular to the bedding or rift 
planes, the result shall be reported as 
“modulus of elasticity in pounds per 
square inch perpendicular to the bedding 
plane or rift.” When the load has been 
applied on a line parallel to the bed- 
ding or rift planes, the result shall be 
reported as “modulus of elasticity in 
pounds per square inch parallel to the 
bedding plane or rift.” 

(e) A definite statement as to the 
manner in which the specimens were 
prepared and finished, and 

(/) The type of testing machine used. 



Standard Method of 

SHEAR TESTING OF NATURAL BUILDING STONE^ 



A.S.T.M. Designation: C 102 - 36 
AnopxED, 1936.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 102; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
procedure for determining the shearing 
strength of natural building stones used 
for exterior or interior construction or 
decorative purposes. 

Apparatus 

2. Either the modified Johnson shear 
tool or the Dutton punching shear 
device may be used in conjunction with 
any standard testing machine of suffi- 
cient capacity. A spherical bearing 
block of sufficient size to cover the upper 
end of the plunger of the punching shear 
device shall be used if that apparatus is 
employed. Details of the two types of 
apparatus are shown in Figs. 1 and 2, 
and assembled views with specimens in 
place are shown in Fig. 3. 

Test Specimens 

3. (a) Samples shall be representative 
of the material and shall .consist of 


> Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-18 on Natural Building Stones and Slate. 

2 Prior to adoption as standard, this method was 
published as tentative from 1931 to 1936. Editorially re- 
vised in 1939 and 1942. 


sections cut from apparently sound ma- 
terial, preferably quarry blocks or slabs. 
The direction of the bedding planes or 
rift shall be plainly marked on the 
samples. The sample shall be of suffi- 
cient size to allow the preparation of 
not less than three specimens having 
the bedding planes or rift running in 
the proper direction for the kind of test 
specified, that is, either parallel or per- 
pendicular to the face of the specimen 
to which pressure is to be applied in 
the test. 

(6) Specimens for use in the Johnson 
shear tool shall be bars 2 by 2 in. in 
section and not less than 7 in. in length. 
For the Dutton punching shear device, 
slabs 1 in. in thickness, 4 in. in width, 
and not less than 4 in. in length shall 
be used. 

Note. — The most convenient form of speci- 
men for the punching shear test is the flat slab 
obtained when the flexure test is made, the 
broken pieces of the slab used in the flexure test 
nearly always being of the proper length while 
the slab itself was previously cut to 1 in. in 
thickness and 4 in. in width. The use of these 
slabs from the flexure test will eliminate the 
separate preparation of shear test specimens. 
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(c) The specimens shall be cut from 
the original samples with saws. No 
hand cutting with chisels or other tools 
shall be permitted. The load-bearing 
surfaces shall be finished to as nearly 
true and parallel planes as possible, 
grinding wheels or the use of abrasive 
powders and rubbing plates affording 
convenient means of obtaining satis- 
factory surfaces. 


the specimen shall be included in the 
report as information only. 

(ft) When using the Dutton punching 
device, center lines shall be laid off 
on one surface of the slab and the 
thickness of the slab measured to the 
nearest 0,01 in. at not less than three 
points approximately equidistant around 
the circumference of a 2-in. circle cen- 
tered on the intersection of the two 
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Fig, 1. — Details of Modified Johnson Shear Tool. 


Marking Specimens 

4. The load-bearing surfaces and the 
direction of the bedding planes or rift 
shall be carefully marked on each speci- 
men after finishing. 

Measuring Specimens 

5. (u) For tests with the Johnson 
shear apparatus the specimen shall be 
measured to the nearest 0.01 in. at the 
center section. The area under shearing 
stress shall be taken as twice the area 
of this center section. The length of 


center lines. The width and length of 
the specimen shall be included in the 
report as information only. 

Conditioning 

6. {a) Dry Condition . — Specimens to 
be tested in the dry condition shall be 
dried in an oven at 110 to 120 C. for 24 
hr. immediately preceding the test. 

{h) Wet Condition . — Specimens to be 
tested in the wet condition shall be 
completely immersed in water at room 
temperature for at least two weeks, 
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Fig. 2, — Details of Dutton Punching Shear Device. 
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and shall be kept in water until im- 
mediately preceding the test. 

(c) If the broken slabs from the flexure 
test are to be used, they shall be kept 
in a desiccator until tested if not tested 
in shear hnmediately upon completion 
of the flexure test. 

Procedure 

7. (a) Usingthe Johnson Shear Tool . — 
The specimen shall be carefully cen- 
tered in the shear tool as shown in 
Fig. 1, and the bolts drawn up 
tightly. The tool shall then be centered 


centered between the upper and lower 
plates of the punching device so that the 
measured section of the specimen is 
under the plunger. The upper plate 
shall be carefully lowered to contact 
with the specimen. The punching de- 
vice shall then be centered in the testing 
machine with the center of the spherical 
bearing block in contact with the center 
of the top portion of the plunger of the 
shear device. The spherical bearing 
shall be kept well lubricated to insure 
accurate adjustment which should be 
made by hand under a small initial 



(tt) Modified Johnson Shear Tool. {b) Dutton Punching Shear Device. 
Fig. 3. — ^Assembled Views of Shear Test Apparatus. 


in the testing machine with the center 
of the spherical block in contact with 
the center of the top portion of the 
plunger of the shear tool. The spherical 
bearing shall be kept well lubricated to 
insure accurate adjustment which should 
be made by hand under a small initial 
load. The speed of the moving head 
of the testing machine during the appli- 
cation of the load shall be not more than 
0.05 in. per min. During the test, the 
beam of the testing machine shall be 
kept constantly in a fl.oating position. 

{h) Using the Dutton Punching Shear 
Device . — The specimen shall be carefully 


load. The speed of the moving head 
of the testing machine during the 
application of the load shall be not 
more than 0.05 in. per min. During 
the test the beam of the testing machine 
shall be kept constantly in a floating 
position. 

Calculations 

8. (a) Using Johnson Shear Tool.— 
The shearing strength shall be calcu- 
lated as follows: 
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where: 

S' = shearing strength in pounds per 
square inch, 

W = total maximum load in pounds 
indicated by the testing ma- 
chine, and 

A — area in square inches of the cen- 
ter section of the specimen. 

(6) Using the Dutton Punching De- 
vice . — The shearing strength shall be 
calculated as follows': 

^ _Wt~ Wj 
^ TcdT 

where: 

S = shearing strength in pounds per 
square inch, 

Wt = total maximum load in pounds 
indicated by the testing ma- 
chine, 

Wi = initial load in pounds required 
to bring the plunger in con- 
tact with the surface of the 
specimen, 

d — diameter in inches of the plun- 
ger, and 

T = thickness in inches of the 
specimen. 

Report 

9. The report shall include the fol- 
lowing: 


{a) The individual and averaged shear- 
ing strengths in pounds per square inch 
for each group of specimens. Each 
individual test shall be reported, and 
for the shearing strength of the material 
the average of all tests shall be used 
except where an individual result varies 
from the average of its group by more 
than 25 per cent, in which case that 
individual result shall be reported as 
information only. 

(6) The type and approximate sizes 
of specimens used, 

(c) The condition of the specimen 
when tested, whether wet or dry, 

(d) The direction of the application 
of the load relative to the bedding 
planes or rift of the specimens. When 
the load has been applied on a line 
perpendicular to the bedding or rift 
planes, the result shall be reported as 

‘shearing strength in pounds per square 
inch perpendicular to the bedding plane 
or rift.” When the load has been ap- 
plied on a line parallel to the bedding or 
rift planes, the result shall be reported as 
“shearing strength in pounds per square 
inch parallel to the bedding plane or 
rift.” 

(e) A definite statement as to the 
manner in which the specimens were pre- 
pared and finished, and 

(/) The type of shear appliance used. 



Standard Methods of 

FLEXURE TESTING OF SLATE^ 

MODULUS OF RUPTURE, MODULUS OF ELASTICITY 



A.S.T.M. Designation: C 120 - 31 
Adopted, 1931.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 120; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Due to the unique properties of slate the flexure test is better adapted to 
use for strength and elasticity determinations than either compression or 
tension tests. Furthermore, several uses of slate are such that these determi- 
nations are of special interest and value, besides furnishing comparative data. 

The property of slate termed “grain” causes a slab of the material to break 
transversely in one direction somewhat more readily than at right angles to 
this direction. F or this reason it is desirable to test the strength and elasticity 
both parallel and perpendicular to the grain. 

In the quarrying of slate, blasting is frequently resorted to and for this 
reason certain portions of the material may have been unduly strained. Low 
or erratic strength results on some of the test specimens should be regarded in 
the light of defective material. 


Scope 

1. These methods of test cover the 
procedures for determining the modulus 
of rupture and modulus of elasticity of 
slate by means of flexure tests. 

Modulus op Rupture 
Test Specimens 

2. (a) Structural or Electrical Slate . — 
Six representative specimens, 12 by 1| by 
1 in. in size, of the particular slate under 
consideration shall be tested. 

* Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-18 on Natural Building Stones and Slate. 

s Prior to adoption as standard, these methods were 
published as tentative from 1925 to 1931, being revised in 
1927 and.1931 , Edi torialJy revised and rearranged in 1939. 


{1) Roofing Slate. — At least six speci- 
mens 4 in. in width, 12 in. or more in 
length, and of thickness equal to that of 
the slate shingle shall be tested. 

Preparation of Specimens 

3. (ft) Structural or Electrical Slate . — 
The slate for the test shall have been 
split to a thickness of approximately If 
in. and then sawed into strips 12 in. in 
length by 1| in. in width. Half of these 
shall be cut with the length parallel to 
the grain and half with the length per- 
pendicular to the grain (Note 1). The 
12 by l|-in. faces shall then be planed 
or rubbed down to a thickness of ap- 
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proximately 1 in., care being taken to 
have the finished surfaces as nearly 
parallel as practicable. 

(b) Roofing Slate . — The specimens 
shall be sawed from the shingles with the 
long dimension parallel to the long di- 
mension of the shingle (Note 2) so that 
no saw cut is nearer than 1 in. to the 
sheared edge of the shingle. Split faces 
shall not be refinished. 

Note 1. — When it is desired to test a finished 
slab of slate intended for structural or electrical 
uses, the specimens may be sawed from the sides. 
Those cut the long way of the slab may be con- 
•sidered to be parallel to the grain and those cut 
the short way, perpendicular to the grain. 



Fig. 1. — Self-Adjusting Knife-Edge Bearing and 
Load-Application Device. 


Note 2. — This gives a specimen parallel to 
the grain and when broken transversely, the 
fracture will occur across the grain. Ordinarily, 
it is not considered necessary to test roofing 
slate in both directions of the grain. 

Conditioning 

4. Before testing, the specimens shall 
be dried in an oven at 110 ± 3 C. for 
24 hr. 

Measuring Specimens 

5. The thickness at the middle shall 
be measured to the nearest 0.001 in., and 
the width shall be measured to the 
nearest 0.01 in. 

Procedure 

6. The testing machine shall be sensi- 
tive to 5 lb. when loaded to 500 lb. The 


specimen shall be supported flatwise on 
knife-edges of the type shown in Fig. 1 
spaced 10 in. on centers. The load 
shall be applied through a third knife- 
edge at the middle of the span at a rate 
of approximately 100 lb. per min. The 
breaking load shall be recorded to the 
nearest 5 lb. 

Note. — T he following method of marking the 
specimens before testing is recommended: 

By means of a try square the middle section 
and two end sections, S in. distant from the 
center, may be circumscribed. These marks 
serve as a guide to the operator in properly 
centering and aligning the specimen in the 
testing machine. 

Calculations 

7. The modulus of rupture shall be 
calculated as follows; 


where: 

R — modulus of rupture in pounds 
per square inch, 

w = breaking load in pounds, 

I — span length between supporting 
knife-edges, 

h — width of specimen at the center 
in inches, and 

d = thickness of specimen at the 
center in inches. 

Report 

8. The average ,of the specimens cut 
parallel to the grain from structural or 
electrical slate, or parallel to the long 
dimension of the shingle in the case of 
roofing slate, shall be reported as the 
modulus of rupture “across the grain,” 
The average of the specimens cut per- 
pendicular to the grain shall be reported 
as the modulus of rupture “with the 
grain.” In case any specimen shows a 
value 25 per cent lower than the average 
of its group, it shall be examined for 
defects, and if the low value appears to 
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be due to an imperfection, the average of 
the other five shall be reported as the 
modulus of rupture of the group. All 
determinations shall be reported as 
information. 

Modulus of Elasticity 
Test Specimens 

9. The test for modulus of - elasticity, 
when required, is performed in conjunc- 
tion M'ith the modulus of rupture test 
described in Sections 2 to 8, and hence 
the test specimens are of the same t 5 rpe 
and the measuring and drying operations 
are the same as specified in Sections 2 
to 5, 

Procedure 

10. The specimen shall be supported 
and loaded in the same way as for the 
modulus of rupture determination except 
that the loading shall be interrupted at 
suitable intervals for deflection measure- 
ments. A deflectometer capable of 
measuring accurately to 0.001 in. shall 
be used to obtain the deflections at the 
middle of the span. For test specimens 
of structural or electrical slate it will be 
satisfactory to record the deflections for 
each 50-lb. increment of load, but for 
test specimens of roofing slate the deflec- 
tions shall be recorded for each 20-lb. 
increment. 

Note. — It is not ordinarily feasible to set the 
deflectometer to read zero when there is no load 
on the specimen. The best practice is to put a 
small initial load on the specimen, as 10 lb. and 
set the deflectometer to read zero for this load. 
Since it is only the slope of the stress-strain curve 
that is desired, this initial load does not affect 
tlie final result. 

Calculations 

11. The load-deflection readings shall 
be plotted on cross-section paper to a 


convenient scale and a straight line 
drawn to represent, as nearly as possible, 
the average of the plotted points.® If 
the line does not pass through the zero 
point, a corrected line shall be drawn 
through this point parallel to the stress- 
strain line. The modulus of elasticity, 
£, shall be calculated from the coordi- 
nates of some convenient point on the 
corrected line by means of the following 
formula: 

^ _ W'f 
4A5# 

where: 

W — load coordinate of the point, 
A = deformation ordinate of the 
point, 

I — length of span in inches, 
h = width of specimen at the center 
in inches, and 

d = thickness of specimen at the 
center in inches. 

Report 

12. In general, the average of the re- 
sults obtained for specimens prepared 
with the length parallel to the grain shall 
be reported as the modulus of elasticity 
across the grain. Likewise, the average 
of the results obtained on specimens cut 
with the length perpendicular to the 
grain shall be reported as the modulus of 
elasticity with the grain. In case an 
individual determination differs by more 
than 25 per cent from the average of its 
group, it may be disregarded if there is 
evidence that the determination was of 
uncertain value, but all determinations 
shall be reported as information. 


’ Slate does not show a dehnite yield point in the stress- 
strain curve. 



Standard Method of Test for 
WATER ABSORPTION OF SLATE^ 



A.S.T.M. Designation: C 121 - 31 
Adopted, 1931.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 121; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


It is often desirable to gain some idea of the porosity of a material in ques- 
tion. Actual determinations of the pore space require the use of rather elabo- 
rate and refined equipment as well as considerable precision in carrying out 
the tests. For comparative purposes the absorption test affords a simple and 
sufficiently accurate means of obtaining ^the desired information. As applied 
to slate this test requires somewhat more care and precision than many other 
materials because of its dense nature and, consequently, the small quantities 
to be dealt with. Furthermore, the cleavage of slate— that property which 
permits it to be split into thin sheets of uniform thickness — must be taken into 
consideration when this test is made. On this account misleading results are 
often obtained on cubical specimens due to accidental cleavage cracks in the 
specimens. The shapes of specimens and larger number of specimens recom- 
mended in the following procedure are intended to eliminate to a large extent 
the inconsistent results which may be obtained on this material. 


Scope 

1. This method of test covers the 
procedure for determining the water 
absorption of slate. 

Test Specimens 

2. (a) The test specimens shall consist 
of square or rectangular slabs from 

to in. in thickness and not less 
than 4 in. on any side. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.TJU, 
Committee C-18 on Natural Building Stones and Slate. 

® Prior to adoption as standard, this method was pub- 
lished as tentative from 1925 to 1931, being revised in 1927 
and 1931. Editorially revised and rearranged in 1939. 


(6) Not less than six specimens shall 
be prepared from each sample of slate, 
the sample being considered as any 
number of pieces selected to represent a 
definite part or grade of the deposit. 

Preparation of Specimens 

3. (a) The slate shall be split to the 
required thickness and sawed to size. 
When the specimens are prepared from 
shingles no saw cut shall be nearer than 
1 in. to the sheared edge of the shingle. 

{h) The specimens shall be freed from 
loose particles by scrubbing with a fiber 
brush and clean water. 
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Procedure, Preferred Method 

4. (a) The specimens shall be dried 
ill a well ventilated oven at 110 ± 3 C. 
for 24 hr. 

(b) After drying, the specimens may be 
cooled in the room for 15 min. and then 
weighed. When the specimens cannot 
be weighed immediately after cooling, 
they should be placed in a desiccator. 
The weight shall be determined to the 
nearest 0.01 g, 

(c) The specimens shall be entirely 
immersed in distilled water at approxi- 
mately 20 C. for 48 hr., then removed 
one at a time, the surface wiped off 
with a damp cloth, and each specimen 
immediately weighed to the nearest 

0.01 g. 

Noxe. — The operator should distinguish be- 
tween a damp cloth and a wet one. In starting 
the operation, the towel should be sprinkled 
lightly. When the surface of the specimen is 
properly wiped off, it should appear dry. 

Procedure, Alternative Method 

5. Occasionally it is desirable to 
obtain results in a shorter period than 
that required by the procedure described 
in Section 4. In such cases, the 48-hr. 
immersion period may be supplanted 
by an 8-hr. boiling period (Note). 
In this alternative method the opera- 
tions shall be the same as described in 
Section 4 up to that of immersion. 
Instead of allowing the specimens to 


soak for 48 hr. they may be placed 
in an enameled pan or other suitable 
vessel, covered with water, and boiled 
for 8 hr. Before the final weighing, 
the specimens shall be cooled by allowing 
tap water to flow over them for at least 
30 min. 

Note. — Boiling for 8 hr. has been found to 
give practically the same saturation as iinmer- 
sion for 48 hr. 

Calculations and Report 

6. (a) The percentage of absorption 
shall be calculated as follows: 

B-A 

Absorption, per cent = — ; — X 100 
A 

where: 

A — weight of the dried specimen, 
and 

B — weight of the specimen after 
immersion. 

(6) In general, the average of all the 
tests shall be reported as the absorption 
of the slate. Individual determinations 
which differ by more than 25 per cent 
from the average of all the determina- 
tions may be disregarded when there is 
evidence that such results are of uncer- 
tain value. The absorption shall then 
be reported as the average of the re- 
maining determinations, but all deter 
minations shall be reported as infor- 
mation. 
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Standard Definition of 


THE TERM SLATE^ 



A.S.T.M. Designation: C 119 - 27 
Adopted, 1927.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 119; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Slate. — A microgranular crystalline stone 
derived from argillaceous sediments by 
regional metamorphism, and character- 
ized by a perfect cleavage entirely inde- 
pendent of original bedding, which cleav- 
age has been induced by pressure within 
the earth. 

1 Under the standardization procedure of the Society, 
this definition is under the jurisdiction of the A.S.T.M. 
Committee C-18 on Natural Building Stones and Slate. 

2 Prior to adoption as standard, this definition was 
published as tentative from 1926 to 1927. 


Note 1. — ^The essential mineral constitu- 
ents are white mica (chiefly sericite) and 
quartz. Prominent accessory constituents 
are black mica (biotite), chlorite and hema- 
tite. Minor accessory constituents are car- 
bonates, magnetite, apatite clay, andalusite, 
barite, rutile, pyrite, graphite, feldspar, zir- 
con, tourmaline, and carbonaceous matter. 

Note 2. — ^Igneous slates because of their 
rare occurrence and insignificant commercial 
importance are not covered in this definition. 
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Standard Specijicarions for 
AGGREGATE FOR MASONRY MORTAR* 



A.S.T.M. Designation: C 144-44 
Adopted, 1944.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 144; the final number mdicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover aggre- 
gates for use in masonry mortar. 

Material 

2. Aggregate for use in masonry 
mortar shall consist of fine granular 
material composed of hard, strong, 
durable mineral particles which are free 
of injurious amounts of saline, alkaline, 
organic, or other deleterious substances. 

Grading 

3. (o) Aggregates for use in masonry 
mortar shall be graded from fine to 
coarse within the following limits, except 
as modified in accordance with Para- 
graphs (6) and (c) : 

Percentages 

Sieve Size Passing Each Sieve 

No. 4 (4760-micron) 100 

No. 8 (2380-micron) 95 to 100 

No. 1 6 (1 190-micron) 60 to 100 

No. 30 (S90-micron) 35 to 70 

No. so (297-micron) IS to 35 

No. 100 (149-micron) 0 to 15 


* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M Committee C-12 on Mortars for Unit Masonry. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1939 to 1944, being re- 
vised in 1942. 


(5) The fine aggregate shall be so 
graded that neither the proportion finer 
than a No. 16 (1190-micron) sieve and 
coarser than a No. 30 (590-micron) sieve 
nor the proportion finer than a No. 30 
(590-micron) sieve and coarser than a 
No. 50 (297-micron) sieve exceeds 50 
per cent. 

(c) The requirements for grading in 
Paragraphs (a) and (b) represent the 
extreme limits which shall determine the 
suitability of a fine aggregate for use in 
masonry mortar. The gradation of 
material from any one source shall be 
reasonably uniform and shall not be 
permitted to vary over the extreme 
range shown in Paragraph (a). Fine 
aggregate from any one source having a 
variation in fineness modulus greater 
than plus or minus 0.20 from the fine- 
ness modulus of a representative sample 
submitted by the contractor shall be 
rejected, or it may be accepted subject 
to such adjustment in proportions as 
may be necessary by reason of changes 
in grading. 

Note. — ^F or heavy construction employing 
joints thicker than | in. a coarser aggregate may 
be desirable; for such work a fine aggregate 
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conforming to conventional specifications for 
aggregate for use in concrete and containing not 
less than 10 per cent of material passing a 
No. 50 (297-micron) sieve is satisfactory. 
For unusually thin joints, such as occur for 
units having cut or ground edges, an aggregate 
conforming to the requirements of these specifi- 
cations, but with not less than 95 per cent 
passing a No. 16 (1190-micron) sieve, should 
be used. 

Deleterious Substances 

4. (a) The amount of deleterious sub- 
stances shall not exceed the following: 


Coal and lignite 

Clay lumps 

Shale, alkali, coated grains, soft or 

flaky particles 

Other deleterious substances 

Total deleterious substances 

(&) Aggregate subjected to the colori- 
metric test for organic impurities and 
producing a color darker than the stand- 
ard shall be rejected unless it shall pass 
the mortar strength test as specified in 
Section 5. 

Mortar Strength Test 

5. Aggregate shall be of such quality 
when subjected to the mortar strength 
test that it shall have a compressive 
strength at ages of 7 and 28 days of not 
less than 95 per cent of that developed 
by a mortar of the same water-cement 
ratio and consistency made with the 


Maximum 
Permissible 
Percentage 
by Weight 
. . . . 0.2S 
.... 1 

.... 1 

. . . . as specified 


same cement and graded Ottawa sand 
having a fineness modulus of 2.40 db 

0 . 10 . 

Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
test of the American Society for Testing 
Materials: 

(a) Sieve Standard Method 

of Test for Sieve Analysis of Fine and 
Coarse Aggregates (A.S.T.M. Designa- 
tion: C 136).3 

(b) Washing Test. — Standard Method 
of Test for Amount of Material Finer 
than No. 200 Sieve in Aggregates 
(A.S.T.M. Designation: C 117).''* 

(c) Coal and Lignite. — Standard 
Method of Test for Coal and Lignite 
in Sand (A.S.T.M. Designation: C 123).® 

{d) Clay Lumps. — Standard Method 
of Test for Clay Lumps in Aggregates 
(A.S.T.M. Designation: C 142).® 

{e) Organic Impurities. — Standard 
Method of Test for Organic Impurities 
in Sands for Concrete (A.S.T.M. Desig- 
nation: C 40).® 

(/■) Mortar Strength. — Standard 
Method of Test for Structural Strength 
of Fine Aggregate Using Constant 
Water-Cement-Ratio Mortar (A.S.T.M. 
Designation: C 87).® 


’ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Methods of 

FIRE TESTS OF BUILDING CONSTRUCTION AND 
MATERIALS! 



A.S.T.M. Designation: C 19-41 
Adopted, 1933; Revised 1941.2 

Tills Standard of tlie American Society for Testing Materials is issued under 
the fixed designation C 19; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


The performance of walls, colurtuis, floors, and other building members 
under fire exposure conditions is an item of major importance in securing con- 
structions that are safe, and that are not a menace to neighboring structures 
nor to the public. ' Recognition of this is registered in the codes of many au- 
thorities, municipal and other. It is important to secure balance of the many 
units in a single building, and of buildings of like character and use in a com- 
munity; and also to promote uniformity in requirements of various authorities 
throughout the country. To do this it is necessary that the fire-resistive 
properties of materials and assemblies be measured and specified according to a 
common standard expressed in terms that are applicable alike to a wide 
variety of materials, situations, and conditions of exposure. 

Such a standard is found in the methods that follow. They prescribe a 
standard exposing fire of controlled extent and severity. Performance is de- 
fined as the period of resistance to standard exposure elapsing before the first 
critical point in behavior is observed. Results are reported in units in which 
field exposures can be judged and expressed. 

The methods may be cited as the “Standard Fire Tests,” and the perform- 
ance or exposure shall be expressed as “2-hr.,” “6-hr.,” “|-hr.,” etc. 

When a factor of safety exceeding that inherent in the test conditions is 
desired, a proportional increase should be made in the specified time-classifica- 
tion period. 

Classifications of assemblies involving combustibles in such kind or quan- 
tity or so contained as to bum freely during the exposure to the test fire, or 
continue flaming or ignite after the furnace fire is shut off, shall be designated 
by the term “combustible” after the period assigned. 


J Under tlie standardization procedure of the Society, these methods are under the jurisdiction of the A.S.T.M. 
Committee C-S on Fire Tests of Materials and Construction. 

These methods, of -which the present standard represents a revision, were prepared by Sectional Committee A2 on 
Materials and Construction, under the joint sponsorship of the National Bureau of Standards, 
the A.S.A. Fire Protection Group, and the American Society for Testing Materials, functioning under the 
procedure of the American Standards Association. 

» Prior to their present adoption as standard, these methods were publislied as tentative from 1917 to 1918, 
being revised in 1918. They were adopted in 1918, but withdrawn and republished as tentative from 1926 to 1933, 
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;S.cppe ,■ ■ , . ■ ■ 

1. (a) These methods of fire tests are 
applicable to assemblies of masonry 
units and to composite assemblies of 
structural materials for buildings, in- 
cluding bearing and other walls and par- 
titions, columns, girders, beams, slabs, 
and composite slab and beam assemblies 
for floors and roofs. They are also 
applicable to other assemblies and struc- 
tural units that constitute permanent 
integral parts of a finished building. 

(b) It is the intent that classifications 
shall register performance during the 
period of exposure and shall not be 
construed as having determined suit- 
ability for use after fire exposure. 

Control of Fire Tests 
Time-Temperature Curve 

2. The' conduct of fire tests of mate- 
rials and construction shall be controlled 
by the standard time-temperature curve 
shown in Fig. 1. The points on the 
curve that determine its character are: 

1000 F. (S38 C.) at S min. 

1300 F. (704 C.) at 10 min. 

1550 F. (843 C.) at 30 min. 

1700 F. (927 C.) at 1 hr. 

1850 F. (1010 C.) at 2 hr. ' 

2000 F. (1093 C.) at 4 hr. 

2300 F, (1260 C.) at 8 hr. or over 

Furnace Temperatures 

3. (a) The temperature fixed by the 
curve shall be deemed to be the average 
temperature obtained from the readings 
of not less than five thermocouples sym- 
metrically disposed and distributed to 
show the temperature near all parts of 
the sample, the thermocouples being en- 
closed in sealed porcelain tubes f in. 
in outside diameter and | in. in wall 
thickness, or, as an alternative in the 
case of base metal thermocouples, en- 
closed in sealed, standard-weight |-m. 
black wrought steel or black wrought 
iron pipe. The exposed length of the 
pyrometer tube and thermocouple in 
the furnace chamber shall be not less 
than 12 in. Other types of protecting 


tubes or pyrometers may be used that, 
under test conditions, give the same 
indications as the above standard within 
the limit of accuracy that applies 
for furnace-temperature measurements. 
For floors and columns, the junction of 
the thermocouples shall be placed 12 in. 
away from the exposed face of the sample 
at the beginning of the test and, during 
the test, shall not touch the sample as a 
result of its deflection. In the case of 
walls and partitions, the thermocouples 
shall be placed 6 in. away from the ex- 
posed face of the sample at the beginning 
of the test, and shall not touch the sam- 
ple during the test, in the event of 
deflection. 



Time, hr. 

Fig. 1. — ^Time-Temperature Curve. 


(b) The temperatures shall be read at 
intervals not exceeding 5 min. during 
the first hour, and thereafter the 
intervals may be increased to not more 
than 15 min. 

(c) The accuracy of the furnace con- 
trol shall be such that the area under the 
time-temperature curve, obtained by 
averaging the results from the pyrom- 
eter readings, is within 10 per cent of the 
corresponding area under the standard 
time-temperature curve shown in Fig. 1 
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for fire tests of 1 hr. or less duration, 
within 7.5 per cent for those over 1 hr. 
and not more than 2 hr., and within 

5 per cent for tests exceeding 2 hr. in 
duration. 

Temperatures of Unexposed Surfaces of 

Floors, Walls, and Partitions 

4. (a) Temperatures at unexposed 
surfaces shall be measured with thermo- 
couples or thermometers® placed under 
flexible, oven-dry, felted asbestos pads 

6 in. square, 0.4 in. in thickness, and 
weighing not less than 1.0 nor more 
than 1.4 lb. per sq. ft. The pads shall 
be sufliciently soft so that, without 
breaking, they may be shaped to contact 
over the whole surface against which 
they are placed. The wire leads of the 
thermocouple or the stem of the ther- 
mometer shall have an immersion under 
the pad and be in contact with the 
unexposed surface for not less than 3| 
in. The hot junction of the thermo- 
couple or the bulb of the thermometer 
shall be placed approximately under the 
center of the pad. The outside diameter 
of protecting or insulating tubes, and of 
thermometer stems, shall be not more 
than in. The pad shall be held 
firmly against the surface, and shall fit 
closely about the thermocouples or 
thermometer stems Thermometers 
shall be of the partial-immersion type, 
with a length of stem, between the end 
of the bulb and the immersion mark, 
of 3 in. The wires for the thermo- 
couple in the length covered by the pad 
shall be not heavier than No. 18 B. & S. 
gage (0.04 in.) and shall be electrically 
insulated with heat-resistant aiid mois- 
ture-resistant coatings. 

(b) Temperature readings shall be 
taken at not less than five points on the 
surface, one of which shall be approxi- 
mately at the center, and four at 
approximately the centers of the quarter 

» Under certain conditions it may be tmsafe or im- 
practicable to use thermometers. 


sections. If additional points are used 
they shall be symmetrically disposed 
about the center, with no location nearer 
than 1| times the thickness of the 
construction, or nearer than 12 in., to 
the edges. None shall be located oppo- 
site or on top of beams, girders, 
pilasters, or other structural members. 

(c) Temperature readings shall be 
taken at intervals not exceeding IS 
min. until a reading exceeding 212 F, 
(100 C.) has been obtained at any one 
point. Thereafter the readings may 
be taken more frequently at the discre- 
tion of the testing body, but the intervals 
need not be less than 5 min. 

(d) Where the conditions of accept- 
ance place a limitation on the rise of 
temperature of the unexposed surface, 
the temperature end point of the fire 
endurance period shall be determined 
by the average of the measurements 
taken at individual points; except that 
if a temperature rise 30 per cent in 
excess of the specified limit occurs at 
any one of these points, the remainder 
shall be ignored and the fixe endurance 
period judged as ended. 

Classification as Determined by 
Test 

Report of Results 

5. Results shall be reported in accord- 
ance with the performance in the tests 
prescribed in these specifications. They 
shall be expressed in time periods of 
resistance, as for example 4-hr., f-hr., 
etc. 

Test Structures 
Test Structures 

6. (a) The test structure may be 
located at any place where all the 
necessary facilities for properly con- 
ducting the test are provided. 

(6) Entire freedom is left to each 
investigator in the design of the test 
structure and the nature and use of fuel, 
provided the test requirements are met. 
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Test Sample 

Test Sample 

7. (a) The test sample shall be truly 
representative of the construction for 
which classification is desired, as to 
materials, workmanship, and details 
such as dimensions of parts, and shall be 
built under conditions representative 
of those obtaining as practically applied 
in building construction and operation. 
The physical properties of the materials 
and ingredients used in the test sample 
shall be determined and recorded. 

(b) The size and dimensions of the 
test sample specified herein are intended 
to apply for rating constructions of di- 
mensions within the usual general range 
employed in buildings. If the condi- 
tions of use limit the construction 
to smaller dimensions, a proportionate 
reduction may be made in the dimen- 
sions of the samples for a test qualifying 
them for such restricted use. 

Conduct op Fire Tests 
Fire Endurance Test 

8. The fire endurance test on the 
sample with its applied load, if any, 
shall be continued until failure occurs, 
or until it has withstood the test condi- 
tions for a period equal to that herein 
specified in the conditions of acceptance 
for the given type of construction. 
Hose Stream Test 

9. (a) Where required by the condi- 
tions of acceptance, a duplicate sample 
shall be subjected to a fire exposure test 
for a period equal to one half of that 
indicated as the resistance period in the 
fire endurance test, but not for more 
than 1 hr., immediately after which 
the sample shall be subjected to the 
impact, erosion, and cooling effects of a 
hose stream directed first at the middle 
and then at all parts of the exposed face, 
changes in direction being made slowly. 

{b) Exemption. — ^The hose stream test 
shall not be required in the case of 


indicated in the fire endurance test, of 
less than 1 hr. 

(c) Optional Program. — ^The submitter 
may elect, with the advice and consent 
of the testing body, to have the hose 
stream test made on the sample subjected 
to the fire endurance test and imme- 
diately following the expiration of the 
fire endurance test. 

(d) Stream Equipment and Details . — 
The stream shall be delivered through 
2|-in. hose discharging through a Na- 
tional Standard Playpipe of corre- 
sponding size equipped with a If-in. 
discharge tip of the standard-taper 
smooth-bore pattern without shoulder 
at the orifice. The water pressure and 
duration of application shall be as 
prescribed in Table I. 


table I. 


Resistance Period 

Water 
Pressure 
at Base of 
Nozzle, 
psi. 

Duration 

of 

Application, 
min. per 
100 sq. ft, 
exposed 

8 hr. and over 

4S 

6 

4 hr. and over if less than 8 hr.. . 

4S 

5 

2 hr. and over if less than 4 hr. . . 

30 

2H 

1| hr. and over if less than 2 hr. 

30 


1 hr. and over if less than hr.. 

30 

1 


(e) Nozzle Distance. — The nozzle ori- 
fice shall be 20 ft. from the center 
of the exposed surface of the test sam- 
ple if the nozzle is so located that 
when directed at the center its axis 
is normal to the surface of the test 
sample. If otherwise located, its dis- 
tance from the center shall be less than 
20 ft. by an amount equal to 1 ft. for 
each 10 deg. of deviation from the 
normal. 

Time of Testing 

10. The material or construction shah 
not be tested until a large proportion of 
its final strength has been attained, and, 
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has been given off; this will usually 
require about 30 days time under 
favorable drying conditions. Artificial 
drying at temperatures not injurious to 
the material or construction to be tested 
may be used. 

Tests of Bearing Walls and 
Partitions 

Size of Sample 

11. The area exposed to fire shall be 
not less than 100 sq. ft., with neither 
dimension less than 9 ft. The test 
specimen shall not be restrained on its 
vertical edges. 

Loading 

12. During the fire endurance and 
fire and hose stream tests the construc- 
tion shall be loaded in a manner calcu- 
lated to develop theoretically, as nearly 
as practicable, the working stresses 
contemplated by the design. 

Conditions of Acceptance 

13. The test shall not be regarded as 
successful unless the following conditions 
are met: 

(o) The wall or partition shall have 
sustained the applied load during the 
fire endurance test without passage of 
flame or gases hot enough to ignite 
cotton waste, for a period equal to that 
for which classification is desired. 

(&) The wall or partition shall have 
sustained the applied load during the 
fire and hose stream test as specified in 
Section 9, without passage of flame, of 
gases hot enough to ignite cotton waste, 
or of the hose stream, and after cooling 
but within 72 hr. after its completion 
shall sustain a total load equal to the 
dead load plus twice the superimposed 
load specified above. 

(c) Transmission of heat through the 
wall or partition during the fixe endur- 
ance test shall not have been such as to 


raise the temperature on its unexposed 
surface more than 250 F. (139 C.) above 
its initial temperature. 

Tests of Nonbearing Walls and 
Partitions 

Size of Sample 

14. The area exposed to fire shall be 
not less than 100 sq. ft., with neither 
dimension less than 9 ft. The test 
specimen shall be restrained on all four 
edges. 

Conditions of Acceptance 

15. The test shall not be regarded as 
successful unless the following condi- 
tions are met: 

(a) The wall or partition shall have 
withstood the fire endurance test with- 
out passage of flame or gases hot enough 
to ignite cotton waste, for a period equal 
to that for which classification is desired. 

(b) The wall or partition shall have 
withstood the fire and hose stream test 
as specified in Section 9, without passage 
of flame, of gases hot enough to ignite 
cotton waste, or of the hose stream. 

(c) Transmission of heat through the 
wall or partition during the fire endur- 
ance test shall not have been such as to 
raise the temperature on its unexposed 
surface more than 250 F. (139 C.) above 
its initial temperature. 

Tests of Columns 
Size of Sample 

16. The length of the column exposed 
to fixe shall, when practicable, approxi- 
mate the maximum clear length con- 
templated by the design, and for build- 
ing columns shall be not less than 9 ft. 
The contemplated details of connections, 
and their protection if any, shall be 
applied according to the methods of 
acceptable field practice. 
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Loading 

17. (a) During the fire endurance test 
the column shall be exposed to fire on all 
sides and shall be loaded in a manner 
calculated to develop theoretically, as 
nearly as practicable, the working 
stresses contemplated by the design. 
Provision shall be made for transmitting 
the load to the exposed portion of the 
column . without unduly increasing the 
effective column length. 

(6) If the submitter and the testing 
body jointly so decide, the column may 
be subjected to If times its designed 
working load before the fire endurance 
test is undertaken. The fact that such 
a test has been made shall not be con- 
strued as having had a deleterious effect 
on the fire endurance test performance. 

Condition of Acceptance 

18. The test shall not be regarded 
as successful unless the column shall 
have sustained the applied load during 
the fire endurance test for a period equal 
to that for which classification is desired. 

Tests of Floors and Roofs 

(Tte following contenaplates application of 
fire exposure to the under side of constructions.) 

Size of Sample 

19. The area exposed to fire shall be 
not less than 180 sq. ft., with neither 
dimension less than 12 ft. Beams or 
girders, if a part of the construction 
under test, shall lie within the combus- 
tion chamber and have a clearance of 
not less than 8 in. from its walls. 

Loading 

20. During the fire endurance and fire 
and hose stream tests the construction 
shall be loaded in a manner calculated 
to develop theoretically, as nearly as 
practicable, the working stresses in each 
member contemplated by the design. 


Conditions of Acceptance 

21. The test shall not be regarded as 
successful unless the following condi- 
tions are met: 

(a) The construction shall have sus- 
tained the applied load during the fire 
endurance test without passage of flame 
or gases hot enough to ignite cotton 
waste, for a period equal to that for 
which classification is desired. 

(b) The construction shall have sus- 
tained the applied load during the fire 
and hose stream test as specified in 
Section 9, without passage of flame, of 
gases hot enough to ignite cotton waste, 
or of the hose stream, and, after cooling 
but within 72 hr. after its completion, 
shall sustain a total load equal to the 
dead load plus twice the superimposed 
load specified above. 

(c) Transmission of heat through the 
construction during the fire endurance 
test shall not have been such as to raise 
the temperature on its unexposed surface 
more than 250 F. (139 C.) above its 
initial temperature. 

Tests of Protection for Combustible 

Framing, or for Combustible 
Facings on the Unexposed 
Side of Walls, Parti- 
tions, AND Floors 

Character of Sample 

22. Test panels carrying wall, parti- 
tion, or floor protection shall be finished 
with the protections which are the sub- 
ject of the test, except that where the 
finish on the unexposed side is not the 
subject of the test and is not specifically 
indicated, the testing authority shall 
apply a finish judged suitable for the 
purpose. In case a floor construction, 
as installed for actual use, is to have no 
finish on the unexposed side, it shall be 
so tested. 
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Size of Sample 

23. The area exposed to fire shall be, 
for tests of wall and partition protection, 
not less than 100 sq. ft. with neither 
dimension less than 9 ft.; for tests of 
floor protection, not less than 180 sq. ft. 
with neither dimension less than 12 ft. 

Conditions of Acceptance 

24. The test shall not be regarded as 
successful unless the following conditions 
are met: 

(flf.) The protection shall have with- 
stood the fire endurance test, without 


ignition of the materials protected, for a 
period equal to that for which classifica- 
tion is desired. 

(b) Transmission of heat through the 
protection during the fire endurance test 
shall not have been such as to raise the 
temperatures at its contact with the 
protected structural members or facings 
of the test panel more than 250 F. 
(139 C.) above the initial temperatures 
at these points, except that for members 
closely embedded on three sides in 
masonry, concrete, or other incombusti- 
ble materials the permissible tempera- 
ture rise may be 325 F. (181 C.). 
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FIRE TESTS OF DOOR ASSEMBLIES' 



A.S.T.M. Designation: C 152-41 
Adopted, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 152; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) These methods of fire test are 
applicable to door assemblies, of various 
materials and of various types of con- 
struction, for installation as wall open- 
ing protectives to serve against the 
passage of fire, heat, fumes, or smoke.^ 

(6) It is the intent that classifications 
shall register performance during the 
period of exposure and shall not be 
construed as having determined suit- 
ability for use after exposure to either 
fire, or fire and hose stream. 

(c) These methods do not establish 
ratings, or standards of performance for 
different uses, as these depend upon 
service requirements and are under the 
control of various regulatory bodies. 

Control oe Fire Tests 
Time-Temperature Curve 

2. The conduct of fire tests of mate- 
rials and construction shall be con- 
trolled by the standard time-tempera- 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-S on Fire Tests of Materials and Con- 
struction. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1940 to 1941. 

» The committee is giving consideration to the subject 
of smoke generation and the creation and spread of dan- 
gerous fumesj which upon completion will result in sub- 
sequent revision of these methods. 


ture curve shown in Fig. 1. The points 
on the curve that determine its 
character are: 

1000 F. ( 538 C.) at 5 min. 

1300 F. ( 704 C.) at 10 min. 

1550 F. ( 843 C.) at 30 min. 

1700 F. ( 927 C.) at 1 hr. 

1850 F. (1010 C.) at 2 hr. 

2000 F. (1093 C.) at 4 hr. 

2300 F. (1260 C.) at 8 hr. or over 

Furnace Temperatures 

3. (a) The temperature fixed by the 
curve shall be deemed to be the average 
temperature obtained from the readings 
of not less than five thermocouples 
symmetrically disposed and distributed 
to show the temperature near all parts 
of the test assembly, the thermocouples 
being enclosed in sealed porcelain tubes 
I in. in outside diameter and f in. in 
wall thickness, or, in the case of base 
metal thermocouples, enclosed in sealed, 
standard-weight |-in. wrought steel pipe. 
The exposed length of the pyrometer 
tube and couple in the furnace chamber 
shall be not less than 12 in. Other 
types of protecting tubes or pyrometers 
may be used that, under test conditions, 
give the same indications as the above 
standard within the limit of accuracy 
that applies for furnace-temperature 
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measurements. The junction of the 
thermocouples shall be placed 4 to 6 in. 
away from the exposed face of the test 
assembly at the beginning of the test, 
and during the test shall not touch the 
assembly as a result of its deflection. 

(b) The temperatures shall be read 
at intervals not exceeding 5 min. during 
the first hour, and thereafter at intervals 
not e.xceeding 15 min. 

(c) The accuracy of the furnace con- 
trol shall be such that the area under 
the time-temperature curve, obtained 
by averaging the results from the 



Time, hr. 


Fig. 1. — Time-Temperature Curve. 

pyrometer readings, is within 10 per 
cent of the corresponding area under 
the standard time-temperature curve 
shown in Fig. 1 for fire tests of 1 hr. or 
less duration, within 7.5 per cent for 
those over 1 hr. and not more than 2 
hr., and within 5 per cent for tests 
exceeding 2 hr. in duration. 

Temperature of tJnexposed Surfaces 
of Doors 

4. (a) Temperatures at unexposed 
surfaces shall be measured with thermo- 
couples or thermometers placed under 


flexible, oven-dry, felted asbestos pads 
6 in. square, 0.4 in. in thickness, and 
weighing not less than 1.0 nor more 
than 1.4 lb. per sq. ft. The pads shall 
be sufficiently soft that, without 
breaking, they may be shaped to con- 
tact over the whole surface against 
which they are placed. The wire leads 
of the thermocouple or the stem of the 
thermometer shall have an unmersion 
under the pad and be in contact with 
the unexposed surface for not less than 
3-| in. The hot junction of the thermo- 
couple or the bulb of the thermometer 
shall be placed approximately under 
the center of the pad. The outside 
diameter of . protecting or insulating 
tubes, and of thermometer stems, shall 
be not more than ^ in. The pad shall 
be held firmly against the surface, and 
shall fit closely about the thermo- 
couples or thermometer stems. Ther- 
mometers shall be of the partial-immer- 
sion type, with a length of stem, between 
the end of the bulb and the immersion 
mark, of 3 in. The wires of the thermo- 
couple in the length covered by the pad 
shall be not heavier than No. 18 B. & S. 
gage (0.04 in.) and shall be electrically 
insulated with heat-resistant and mois- 
ture-resistant coatings. 

(b) Temperature readings shall be 
taken at not less than three points, one 
located at the middle of the unexposed 
surface of the test assembly and one each 
at the mid-points of the upper and lower 
halves of the assembly. If the con- 
struction is not uniform, or if, in the 
opinion of the testing authority, tem- 
perature measurements at other loca- 
tions are necessary to give a true 
indication of performance, the thermo- 
couples shall be symmetrically disposed 
to give results representative of the 
different constructions, and preferably 
with no location nearer than 12 in. to 
the edges of the test assembly. 



Fire Tests oe Boor Assemblies (C 152-41) 


243 


(c) Temperature readings on the un- 
exposed surfaces shall be taken at the 
same intervals as specified for furnace 
temperatures. 

(d) If a temperature end point of the 
rating period is specified, it shall be 
determined by the average of the meas- 
urements taken at individual points 
representing the least resistant con- 
struction; except that if a temperature 
rise 30 per cent in excess of the limit 
established by the regulatory body for 
whom the test is made occurs at any 
one of these points, the remainder shall 
be ignored and the fire endurance 
period judged as ended. 

Note. — A t the discretion of the testing au- 
thority, additional temperature measurements 
may be taken on, or near the unexposed surface. 

Test Structures 
Test Structures 

5. (a) The test structure may be 
located at any place where all the 
necessary facilities for properly con- 
ducting the test are provided. 

(6) Entire freedom is left to each 
testing authority in the design and 
location of the test structure and the 
nature and use of fuel, provided the 
test requirements are met. 

Test Assemblies 
Test Assemblies 

6. (a) The test assembly shall be 
truly representative as to material, 
details (installation, hardware trim, and 
finish), and workmanship of the con- 
struction for which classification is 
desired. A record of materials and 
construction details, adequate for identi- 
fication, shall be made. 

(5) The test assembly shall consist of 
the door or doors, together with the 
necessary framing and appurtenances, 
installed in a single opening on one or 
both sides of a common wall. 


Size of Test Assembly 

7. The classification or rating derived 
from the test assembly shall be con- 
sidered to apply to doors of similar 
design and construction, smaller in 
dimension and in area, or whose area 
does not exceed that of the test assembly 
by more tlian 25 per cent. 

Mounting of Test Assembly 

8. (a) Swinging doors shall be 
mounted so as to open into the furnace 
chamber. Sliding and rolling doors, 
unless of the flush-mounted type, shall 
be mounted on the fire side of the wall. 
Clearances of swinging doors of hollow 
metal or kalamein types shall conform 
to good practice,^ but shall not be less 
than in. between the door and hinge 
and lock jambs, in, at the top, and 

in. at the bottom. 

(b) Minunum clearances for swinging 
wood doors shall be it i^i- at the sides 
and top, and in. at the bottom. 

(c) If special tightness against the 
passage of smoke is desired, or if other 
clearances are used for any reason, the 
actual clearances shall be reported in 
the classification of the test assembly. 

(d) Sliding and rolling doors of any 
type shall fit well against wail surfaces 
or in guides, but retaining methods shall 
allow free and easy movement of the 
door from any position. 

Conduct oe Fire Tests 
Fire Test 

9. {a) During the fire test the pres- 
sure within the furnace shall be main- 
tained as nearly equal to the outside 
atmospheric pressure as possible. 

(5) The fire test on the test assembty 
shall be continued until failure occurs, 
or the limit of resistance specified by 
the submitter has been met. 

‘Hollow Metal Single-Acting Swing Doors, Frames, 
and Trim, Dept, of Commerce Simplified Practice Recom- 
mendation R82-28, and Kalamein Single-Acting Swing 
Doors, Frames, and Trim, Dept, of Commerce Simplified 
Practice Recommendation R83-28. 
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Hose vStream Test 

10. (o) Unless the optional program 
of the following Paragraph (c) is speci- 
fied, a duplicate test assembly shall be 
subjected to a fire exposure test for a 
period equal to one half of the fire 
resistance period in the fire endurance 
test, but not for more than 1 hr., imme- 
diately after which the test assembly 
shall be subjected to the impact, erosion, 
and cooling effects of a hose stream 
directed first at the middle and then at 
all parts of the exposed face, changes in 
direction being made slowly. 

(b) Exemption . — The hose stream test 
shall not be required in the case of the 
opening protective having a resistance 
period, indicated in the fire resistance 
test, of less than 1 hr. 

(c) Optmial Program . — When the test 
assembly is tested for a desired time 
limit of fire resistance, the submitter 
may elect, with the advice and consent 
of the testing authority, to have the hose 
stream test made on the assembly 
subjected to the fire resistance test and 
immediately following the expiration of 
the fire resistance test. 

(d) Stream Equipment and Details . — 
The stream shall be delivered through 
2^-m, hose discharging through a Na- 
tional Standard Playpipe of correspond- 
ing size equipped with a l|-in. discharge 
tip of the standard-taper smooth-bore 
pattern without shoulder at the orifice. 
The water pressure and duration of 
application shall be as prescribed in 
Table I. 


TABLE I. 


Resistance Period 

Water 
Pressure 
at Base of 
Nozzle, 
psi. 

Duration of 
Application, 
min. per 
100 sq.ft, 
exposed 

4 hr. and over 

4S 

5 

2 hr. and over, if less than 4 hr.. 

30 

2M 

1 hr. and over, if less than 2 hr.. 

30 

1,1^ 

Less than 1 hr. (if desired) 

30 



^ A l-min. application of the hose stteam shall be the 
minimum. 


{e) Nozzle Distance . — The nozzle ori- 
fice shall be 20 ft. from the center of the 
exposed surface of the test assembly if 
the nozzle is so located that when 
directed at the center its axis is normal 
to the surface of the test assembly. If 
otherwise located, its distance from the 
center shall be less than 20 ft. by an 
amount equal to 1 ft. for each 10 deg. of 
deviation from the normal. 

Time of Testing 

11. Masonry settings shall be allowed 
to dry for at least 3 days before tests 
are made. 

Conditions of Acceptance 
Heat Insulation 

12. The testing authority shall record 
and include in the test report, the tem- 
perature measurements taken within 
the furnace and on the unexposed side 
of the test assembly as specified in 
Sections 3 (a) and (6), and 4 (a) to (d). 
Observations of features of the test 
having a bearing upon the performance 
of the test assembly shall also be made 
a part of the report, including passage 
or production of fumes and smoke. 

Fire Resistance 

13. The fire resistance test shall not 
be regarded as successful unless the 
following conditions are met: 

{a) The test assembly shall have 
remained securely in the opening during 
the fire exposure period and, if required, 
during the hose stream test. When the 
test assembly comprises two doors 
located one on each face of a common 
wall, the test conditions are met when 
the door on the unexposed side remains 
securely in the opening, irrespective of 
the condition of the door on the fire 
side, 

{h) The test assembly shah have 
withstood the fire endurance and hose 
stream test, except that small portions 
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of glass dislodged by the hose stream 
shall not be considered a weakness, 
without developing openings anywhere 
through the assembly, or openings 
markedly in excess of the initial clear- 


ances at the outside or meeting 

edges. , 

(c) If a transmitted temperature end 
point is specified, it shall be considered 
as a condition of acceptance. 


Standard Methods of 

SAMPLING AND MIXING THERMAL INSULATING CEMENT^ 



A.S.T,M. Designation: C 163 ~ 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 163; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the pro- 
cedures for sampling thermal insulating 
cement and for mixing the cement for 
preparation of specimens for use in all 
tests on the cement. 

Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Mixing Surface or Pan . — A non- 
absorbent and corrosion-resistant surface 
or shallow pan approximately 3 ft. 
square. 

(&) Trowel . — A 16-in. rectangular 

plasterer’s trowel. 

(c) Scales . — A pair of scales accurate 
to within 0.5 oz. 

{d) Water Container . — A container 
suitable for holding approximately 2 gal. 
of water. 

Mixing Water 

3. The mixing water shall be equal in 
quality to that used for domestic 
purposes. 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.TJU. 
Committee C-16 on Thermal Insulating Materials. 

^ Prior to adoption as standard, these methods were 
published as tentative from 1941 to 1944. 


Sampling 

4. At least 3 per cent of the packages 
comprising any one shipment shall be 
tested. They shall be systematically 
selected so as to be representative of all 
parts of the shipment. Each package 
shall be sampled by removing approxi- 
mately 4 lb. from the top and J lb. from 
the center. The composite of all sam- 
ples thus selected shall then be thor- 
oughly mixed and quartered until the 
sample is of the desired size. 

Procedure for Mixing 

5. (a) The sample of dry cement shall 
be weighed and placed upon a smooth, 
nonabsorbent and corrosion-resistant 
surface. 

(b) A crater shall be formed in the 
center of the dry cement and the mixing 
water shall be placed therein. The 
amount of mixing water used shall con- 
form to the exact proportions recom- 
mended by the manufacturer of the 
cement. 

(c) The material on the outer edge 
shall be turned into the crater by means 
of the plasterer’s trowel. 

(d) After the water has been ab- 
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sorbed by the cement or has remained in 
contact therewith for the period of time 
recommended by the manufacturer, the 
trowel shall be rapidly drawn over the 
cement by alternately applying andre- 
leashig pressure on its trailing edge. 

(e) After three such passes of the 
trowel across the cement, it shall be 
crathered in at the edges and turned over 
with the trowel. 


(/) The cycle described in Para- 
graphs id) and (e) shall be repeated 
either until uniformity and optimum 
plasticity have been obtained or as 
specified by the manufacturer. 

(g) The cement shall ,be molded 
immediately after mixing or after the 
lapse of such period of time as may be 
recommended by the manufactuier. 


Standard Method of Test for 
BULK DENSITY OF THERMAL INSULATING CEMENT- 



A.S.T.M. Designation: C 164 - 44 
Adopted, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 164; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedure 
for determining the bulk density of 
thermal insulating cement to permit 
the calculation of the necessary storage 
space for a given quantity of cement in 
packages as received. 

Definition 

2. The bulk density of an insulating 
cement is the package volume in cubic 
feet for 100 lb. of packaged cement. 

Apparatus 

3. The apparatus shall consist of the 
following: 

(а) Scales . — pair of scales accurate 
to within 1 oz. 

(б) Rule or Tape . — ^An ordinary fold- 
ing 6-ft. rule or a steel tape accurate to 
within plus or minus in. 

(c) Square , — A carpenter’s square 
having the blade (the broader, longer 
leg) extended to a length of at least 36 in. 

Procedure 

4. (a) Twelve packages shall be sys- 
tematically selected so as to be repre- 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-16 on Thermal Insulating Materials. 

= Prior to adoption as standard, this mediod was 
published as tentative from 1941 to 1944. 


sentative of all parts of the shipment or 
stock to be tested. The packages may 
be weighed separately or in groups or 
they may be all weighed at one time, 
depending upon the capacity of the 
available scales. The twelve packages 
shall then be stacked horizontally in a 
corner against two walls in a single row 
three packages high. If the cement is 
packed in sacks, the tied mouths of the 
sacks shall be placed alternately against 
the wall and away from it. At least 
three measurements of the width, three 
of the height, and two of the length of 
the stack shall be made in accordance 
wnth the procedure described in the 
following Paragraphs {h) to (d). All 
dimensions shall be expressed in feet. 

{h) Width . — At each of three positions 
equally spaced along the length of the 
stack, the tongue (the shorter, narrower 
arm) of the modified carpenter’s square 
shall be placed on the floor perpendicular 
to the face of the stack with the ex- 
tended blade perpendicular to the floor 
and touching the face of the stack. The 
shortest distance from the inner edge 
of the blade to the wall behind the 
stack shall be measured with the rule 
or tape. The average of these three 
measurements shall be taken as the 
width of the stack. 
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(c) Height . — At each of three posi* 
tions equally spaced along the length of 
tlie stack, the tongue of the modified 
carpenter’s square shall be placed against 
the wall above the top of the stack and 
perpendicular to the floor with tlie ex- 
tended blade perpendicular to the wall 
and touching the top of the stack. The 
vertical distance from the lower edge of 
the blade to the floor shall be measured. 
The average of these three measurements 
shall be taken as the height of the stack. 

id) Length . — At each of two positions 
one fourth of the width of the stack from 
the front and rear faces of the stack, the 
tongue of the modified carpenter’s square 
shall be placed on the floor parallel to the 
nearest wall against which the stack is 
placed and with the extended blade 
perpendicular to the floor and touching 


the end of the stack. The shortest 
distance from the inner edge of the blade 
to the wall at the opposite end of the 
stack shall be measured. The average 
of these two measurements shah, be 
taken as tlie length of the stack. 

Calculation 

5. The bulk density in cubic feet per 
100 lb. shall be calculated as follows: 

Bulk density 100 

M 

where: 

w — average width of stack in feet, 
h = average height of stack in feet, 
I = average length of stack in feet, 
and 

M — gross weight of stack in pounds. 


Standard Methods of Test for 

THICKNESS AND DENSITY OF BLANKET TYPE THERMAL 
INSULATING MATERIALS^ 

# 

A.S.T.M. Designation; C 167 - 44 
Adopted, 1944.® 

Tins Standard of the American Society for Testmg Materials is issued under 
the fixed designation C 167; tlie final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods of test cover the 
procedures for determining the thickness 
and density of flexible, felted or woven 
thermal insulating blankets, rolls, or 
batts, with or without reinforcement, 
composed of fibrous materials. 

Apparatus 

2. The apparatus for measuring thick- 
ness of the test specimen shall be a 
depth gage of the type shown in Fig. 1. 

Test Specimen 

3. (a) The size of the test specimen 
shall not be limited, but the specimen 
shall be of sufficient area to be repre- 
sentative of the lot or shipment in 
question. 

(&) In case of reinforced blanket insu- 
lations, the reinforcing material, regard- 
less of its nature, shall not be removed 
when making thickness measurements, 
liowever, in case of high-rib lath rein- 
forcement, the thickness measurement 
shall be made between ribs or, where 
this is not practical, the thickness of the 
rib lath shall be deducted from the total 

I Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-16 on Thermal Insulating Materials. 

“ Prior to adoption as standard, these methods were 
published as tentative from 1941 to 1944. 


thickness as measured with the depth 
gage. 

Procedure 

4. {a) Thickness Measurements . — The 
test specimen shall be ruled off into ten 
approximately square and equal areas 
and a thickness measurement taken at 
the center of each area. In making the 
thickness measurements the test speci- 
men shall be placed on a flat surface and 
the penetrating pin of the depth gage 
shall be forced downward through the 
specimen, perpendicular to the flat 
surface. When the point of the pin 
touches the flat surface, the sliding disk 
shall be lowered to the point of contact 
with the top surface of the specimen. 
The gage shall be withdrawn and the 
distance from the point of the pin to 
the sliding disk measured within an 
accuracy of plus or minus in. 

(6) Weight and Dimensional Measure- 
ments. —-ThQ. entire test specimen used 
for the thickness measurements shall be 
weighed within an accuracy of plus or 
minus 0.5 per cent, and the length and 
width of the specimen shall be measured 
within an accuracy of plus or minus 
0.5 per cent. 


250 



Tests eor Thickness and Density oe Thermal Insulation (C 167 - 44) 251 


Fig. 1. — Depth Gage for Thickness 
Measurements. 

Calculations 

5, (a) Thickness . — The average of the 
ten thickness measurements made in 
accordance with Section 4 {a) sliall be 



taken as tlie “thickness, as-received” of 
the test specimen. 

(6) Density . — The “density, as-re- 
ceived” and the “density, at specified 
thickness” shall be calculated as follows: 


“Density, as received,” 

lb. per cu. ft. = 


W X 1728 
AX BX Cl 


“Density, at specified thick- 
ness,” lb. per cu. ft. 


W X 1728 
AXBXCi 


where: 

W = weight of test specimen in 
pounds, 

A = length of specimen in inches, 

B = width of specimen in indies, 

Cl — “thickness, as-recewed,” and 
Ci ~ thickness specified on ordering 
or designating the material. 


Report 

6. The report shall include the 
following: 

(1) Average, maximum, and mini- 
imun values of “thickness, as-re- 
ceived,” expressed in inches. 

(2) “Density, as-received,” ex- 
pressed in pounds per cubic foot. 

(J) “Density, at specified thick- 
ness” expressed in pounds per cubic 
foot. 


Standard Definitions of 

TERMS RELATING TO THERMAL INSULATING 
MATERIALS^ 



A.S.T.M. Designation: C 168 - 44 • 

Adopted, 1944.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 168; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Preformed Thermal Insulating Block.— A 
rigid or semirigid thermal insulating 
material, either flat or segmental, for 


* Under the standardization procedure of the Society, 
these definitions are under the jurisdiction of the 
A.S.T.M. Committee C-16 on Thermal Insulating Ma- 
terials. 

2 Prior to adoption as standard, these definitions were 
published as tentative from 1941 to 1944. 


application as received, and excluding 
brick of the 9-in, series. 

Thermal Insulating Cement.— A prepared 
material which, when mixed with a suit- 
able proportion of water, applied as a 
plastic mass, and dried in place, affords 
a substantial resistance to heat trans- 
mission. 
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REFRACTORIES FOR HEAVY DUTY STATIONARY 
BOILER SERVICE! 



A.S.T.M. Designation: C 64 - 41 
Adopted, 1941.= 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 64; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) The purpose of these specifica- 
tions is the selection of fireclay refrac- 
tories for heavy duty boiler furnaces in 
which the temperature of the combus- 
tion chamber is continuously, or a 
significant portion of the time, above 
2400 F. (1315 C.)- They may not 
apply to special conditions sometimes 
encountered in high-power utility boilers. 

(5) These specifications are intended to 
cover only burned products made from 
fire clay by the usual processes of manu- 
facture, and are not intended to include 
products other than those regularly 
sold as fireclay brick. 


5 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.kT.M. Committee C-8 on Refractories. 

2 These specifications together with the Standard Speci- 
fications for Refractories for Moderate Duty Stationary 
Boiler Service (C 153 - 41) replace the former Standard 
Specifications for Fireclay Brick for Stationary Boiler 
Service (C 64-39). These specifications comprise a 
revision of the requirements for heavy duty refractories 
formerly contained in Standard Specifications C 64 - 39. 

Prior to their present adoption as standard, these speci- 
fications were published as tentative from 1927 to 1928. 
They were adopted in 1928, published as standard from 
1928 to 1934, but withdrawn in 1934 and republished as 
tentative from 1934 to 1936. They were again adopted in 
1936, published as standard from 1936 to 1940, being revised 
in 1939, and again withdrawn and republished as tentative 
from 1940 to 1941. Editorially revised in 1942. 


Zones of Highest Temperatures 

2. (a) The refractories to be used In 
the zones of liighest temperatures, such 
as sidewalls, arches, doors, and jambs, 
shall be high heat duty or super duty 
fireclay brick. The conditions to be 
encountered in the particular installa- 
tion should be carefully considered so as 
properly to select from the following 
classification (Paragraphs (5) to (<?)) the 
type or types of refractories best suited 
for the service. Unless type J3, C, or I? 
is definitely specified, there shall be sup- 
plied for this section of the specifications, 
type A, which is designed for average 
boiler furnace conditions. 

(b) Average Boiler Furnace Condi- 
tions. — In the case of average heavy 
duty boiler furnace conditions, the re- 
fractories shall conform to the require- 
ments for type A (Section 6(a)). 

(c) Moderately Severe Conditions of 
Spalling. — When moderately severe con- 
ditions of spalling are to be encountered, 
the refractories shall conform to the 
requirements for type B (Section 6(5)). 

Id) Moderately Severe Conditions of 
Slagging.— When moderately severe coii- 
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ditions of slagging are to be encountered, 
and provided the spalling condition 
is not too severe, the refractories shall 
conform to the requirements for type C 
(Section 6 (c)). 

(e) Extremely Severe Conditions of 
Spalling or Slagging. — When extremely 
severe conditions of spalling or slagging 
are to be encountered, and especially 
when both may occur to an unusual 
extent, the use of super duty fireclay 
refractories may be justified. When 
specified, they shall conform to the 
requirements for type D (Section 6 (d)). 

Division Walls Heated on Both Sides 

3. Depending upon the particular 
conditions to be encountered, the refrac- 
tories used in constructing the division 
walls shall be high heat duty or super 
duty fireclay brick. Unless the super 
duty fireclay brick, type D (Section 
6 (d)) is definitely specified, there shall be 
supplied for this section of the specifica- 
tions the high heat duty fireclay brick, 
type E (Section 6(e)). 

Zones of Lower Temperatures 

4. This section of the specifications 
pertains to refractories to be used in 
backing up the brick in the zones of 
highest temperatures and for walls of 
the second and third passes. The 
service conditions to which such brick 
are subjected vary with the size and type 
of boiler, thickness of wall, degree of 
insulation, draft conditions, and the 
actual position in the furnace. Leaky 
baffles may sometimes cause the brick 
beyond the first tube bank to be sub- 
jected to higher temperatures than 
would normally be present. Depending 
upon the particular conditions, and upon 
the margin of safety desired, the brick 
selected shall be high, intermediate, or 
low heat duty fireclay brick as specified 
by type A , F, or G, respectively. Unless 
type A or G is definitely specified for 


this section of the specifications, there 
shall be supplied the intermediate heat 
duty brick, type F (Section 6 (/)). 

REQUIREMENTS FOR THE VARIOUS 
TYPES OF REFRACTORIES 

Size and Warpage 

5. The following permissible varia- 
tions in size and warpage shall apply to 
each type of refractory listed in 
Section 6: 

(a) Size. — When tested in accordance 
with the Methods of Test for Size and 
Bulk Density of Refractory Brick 
(A.S.T.M. Designation: C 134) of the 
American Society for Testing Mate- 
rials,® the standard 9-in. fireclay brick 
shall not show a size variation of more 
than plus or minus 2 per cent. Tile or 
shapes shall not show a size variation of 
more than plus or minus 2 per cent on 
dimensions of 4 in. or over, and plus or 
minus 3 per cent on dimensions smaller 
than 4 in. 

(b) Warpage. — Ninety-five per cent 
of the shapes shall not show a warpage 
greater than 1 per cent of the diagonal 
used in making the measurement. 

Test Requirements 

6. (a) Type A . — Type A shall be a 
high heat duty^ fireclay brick conform- 
ing to the following requirements: 

Refractoriness. — The brick shall be 
required to meet only one of the follow- 
ing requirements: Pyrometric cone 
equivalent not lower than cone No. 
31-32, or not more than 1.5 per cent 
deformation in the 2460 F. (1350 C.) 
load test. 

Permanent Linear Shrinkage. — When 
tested in accordance with schedule B 
(2550 F., 1400 C.) of the permanent 
linear change test, the brick shall not 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 

* See the Classification of Fireclay Refractories 
(A.S.T.M. Designation: C 27) , which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 
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show a contraction of more than 1.5 
per cent. 

Spalling . — When subjected to the 
panel spalling test (preheated at 2910 F., 
1600 C.), the brick shall not show a loss 
greater than 15 per cent. 

(5) Type B.— Type B shall be a high 
heat duty"* fireclay brick conforming to 
the following requirements: 

Refractoriness . — The brick shall be 
required to meet only one of the follow- 
ing requirements: Pyrometric cone 
equivalent not lower than cone No. 
31-32, or not more than 1.5 per cent 
deformation in the 2460 F. (1350 C.) 
load test. 

Permanent Linear Shrinkage . — When 
tested in accordance with schedule B 
(2550 F., 1400 C.) of the permanent 
linear change test, the brick shall not 
show a contraction of more than 1.5 
per cent. 

Spalling . — When subjected to the 
panel spalling test (preheated at 2910 
F., 1600 C.), the brick shall not show a 
loss greater than 10 per cent. 

(c) Type C . — Type C shall be a high 
heat duty^ fireclay brick conforming to 
the following requirements: 

Refractoriness . — The brick shall be 
required to meet only one of the follow- 
ing requirements: Pyrometric cone 
equivalent not lower than cone No. 
31-32, or not more than 1.5 per cent 
deformation in the 2460 F. (1350 C.) 
load test. 

Permanent Linear Shrinkage . — When 
tested in accordance with schedule B 
(2550 F., 1400 C.) of the permanent 
linear change test, the brick shall not 
show a contraction of more than 1.5 
per cent. 

Water Absorption . — Because two 
varieties of clay refractories can be 
supplied to conform to the requirements 
for refractoriness as given above, each 
type shall conform to a specified maxit. 
mum water absorption. The brick in- 


tended to conform to the specified 
P.C.E. shall have a water absorption of 
not more than 10 per cent. Brick which 
are supplied to conform to the load test 
requirement shall have a water absorp- 
tion of not more than 18 per cent. 

(d) Type D . — Type D shall be a 
super duty* fireclay brick conforming to 
the following requirements: 

Pyrometric Cone Equivalent . — The 
brick shall have a P.C.E. not lower than 
cone No. 33. 

Permanent Linear Shrinkage . — When 
tested in accordance with schedule C 
(2910 F., 1600 C.) of the permanent 
linear change test, the brick shall not 
show a contraction of more than 1 per 
cent. 

Spalling . — When subjected to the 
panel spalling test (preheated at 3000 
F., 1650 C.), the brick shall not show a 
loss greater than 4 per cent. 

(e) Type E . — ^Type E shall be a high 
heat duty* fireclay brick having the 
following characteristics: 

Refractoriness. — Two varieties of clay 
refractories are available for this class: 
Brick which shall show a deformation of 
not more than 6 per cent in the 2460 F. 
(1350 C.) load test and shall have a 
pyrometric cone equivalent not lower 
than cone No. 31-32; or brick which 
shall show a deformation of not more 
than 1.5 per cent in the 2460 F. (1350 C.) 
load test. 

(f) Type F. — T 3 q)e F shall be an 
intermediate heat duty* fireclay brick 
conforming to the following require- 
ments: 

Refractoriness . — The brick shall be 
required to meet only one of the follow- 
ing requirements: Pyrometric cone 
equivalent not lower than cone No, 29, 
or not more than 3 per cent deformation 
in the 2460 F. (1350 C.) load test. 

Modulus of Rupture . — The brick shall 
have a modulus of rupture of not less 
than 500 psi. 
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(g) Type G . — Type G shall be a low 
heat duty^ fireclay brick conforming to 
the following recjuirements: 

Pyrometric Cone Equivalent . — The 
brick shall have a P.C.E. not lower than 
cone No. 19. 

Modulus of Rupture . — The brick shall 
have a modulus of rupture of not less 
than 500 psi. 

Retests 

7. Because of variables resulting from 
sampling and the lack of perfect repro- 
ducibility in tests conducted by different 
laboratories, resampling and retesting 
may be carried out when requested by 
either the purchaser or the manufac- 
turer. This may apply in instances 
where the first test result does not 
conform to the limits prescribed in 
these specifications. The final result to 
be used for each test shall be the average 
of the original and the retest figures. 

Note. — R etest provisions for variation in 
size and water absorption are provided for in 
those test methods. 

Methods of Testing 

8. The properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
test of the American Society for Testing 
Materials: 

(o) Size . — Methods of Test for Size 
and Bulk Density of Refractory Brick 
(A.S.T.M. Designation: C 134).3 

(h) Warfage . — Method of Test for 
Warpage of Refractory Brick and Tile 
(A.S.T.M. Designation: C 154).® 

(c) Pyrometric Cone Equivalent . — 
Method of Test for Pyrometric Cone 


Equivalent (P.C.E.) of Refractory Ma- 
terials (A.S.T.M. Designation: C 24).® 

(d) Load Test (2460 F., 1350 C.).— 
Schedule No. 2 of the Method of Testing 
Fireclay Refractories Under Load at 
High Temperatures (A.S.T.M. Desig- 
nation: C 16).® 

,(e) Permanent Linear Shrinkage for 
High Heat Duty Brick (2550 F., 1400 
C.). — Schedule B of the Method of 
Test for Permanent Linear Change 
After Reheating of Refractory Brick 
(A.S.T.M. Designation: C 113).® 

(/) Permanent Linear Shrinkage for 
Super Duty Brick (2910 F,, 1600 C.).— 
Schedule C of the Method of Test for 
Permanent Linear Change After Reheat- 
ing of Refractory Brick (A.S.T.M. 
Designation: C 113).® 

(g) Panel Spalling Test for High 
Heat Duty Brick (2910 F., 1600 C.).— 
Method of Panel Test for Resistance 
to Thermal and Structural Spalling 
of High Heat Duty Fireclay Brick 
(A.S.T.M. Designation: C 107).® 

(h) Panel Spalling Test for Super 
Duty Brick (3000 F., 1650 C.).— Method 
of Panel Test for Resistance to Thermal 
and Structural Spalling of Super Duty 
Fireclay Brick (A.S.T.M. Designation: 
C 122).® 

{i) Water Absorption . — Methods of 
Test for Apparent Porosity, Water Ab- 
sorption, Apparent Specific Gravity, 
and Bulk Density of Burned Refrac- 
tory Products (A.S.T.M. Designation: 
C 20).® 

(/) Modulus of Rupture . — Methods 
of Test for Cold Crushing Strength 
and Modulus of Rupture of Refractory 
Brick and Shapes (A.S.T.M. Designa 
tion: C 133).® 



Standard Specifications for 

REFRACTORIES FOR MODERATE DUTY STATIONARY 
BOILER SERVICE' 



A.S.T.M. Designation: C 153 - 41 
Adopted, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 153; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (o) The purpose of these specifica- 
tions is the selection of fireclay refracto- 
ries for moderate duty boiler furnaces in' 
which the temperature of the combus- 
tion chamber does not reach more than 
2400 F. (1315 C.). 

(6) These specifications are intended 
to cover only burned products made 
from fire clay by the usual processes of 
manufacture, and are not intended to 
include products other than those regu- 
larly sold as fireclay brick. 

Zones of Highest Temperatures 

2. The refractories to be used in tlie 
zones of highest temperatures, such as 
sidewalls, arches, doors, and jambs, 
shall be intermediate heat duty fireclay 
brick conforming to the requirements of 
type if (Section 5 (c)). 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-8 on Refractories. 

A Prior to adoption as standard, these specifications 
were published as tentative from 1940 to 1941. These 
specifications comprise a revision of the requirements for 
moderate duty refractories formerly, contained in the 
Standard Specifications for Fireclay Brick for Stationary 
Boiler Service (C 64 - 39). Editorially revised in 1942. 


Zones of Lower Temperatures 

3. The refractories to be used in the 
zones of lower temperatures, such as for 
backing up the brick in the zones of 
highest temperatures, and the walls be- 
yond the first tube bank, shall be low 
heat duty fireclay brick conforming to 
the requirements of type G (Sec- 
tion 5 (b)). 

REQUIREMENTS FOR THE TWO TYPES 
OF REFRACTORIES 

Size and Warpage 

4. The following permissible varia- 
tions in size and warpage shall apply to 
each type of refractory listed in Sec- 
tion 5: 

(a) Size . — When tested in accordance 
with the Metliods of Test for Size 
and Bulk Density of Refractory Brick 
(A.S.T.M. Designation: C 134) of 
the American Society for Testing 
Materials,® the standard 9-in. fireclay 
brick shall not show a size variation of 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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more than plus or minus 2 per cent. 
Tile or shapes shall not show a size 
variation of more than plus or minus 2 
per cent on dimensions of 4 in. or over, 
and plus or minus 3 per cent on dimen- 
sions smaller than 4 in. 

(&) Warpage. — Ninety-five per cent 
of the shapes shall not show a warpage 
greater than 1 per cent of the diagonal 
used in making the measurement. 


producibility in tests conducted by dif- 
ferent laboratories, resampling and 
retesting may be carried out when re- 
quested by either the purchaser or the 
manufacturer. This may apply in in- 
stances where the first test result does 
not conform to the limits prescribed in 
these specifications. The final result to 
be used for each test shall be the average 
of the original and the retest figures. 


Test Requirements 

5. {a) Type H, — Type H shall be an 
intermediate heat duty‘s fireclay brick 
conforming to the following require- 
ments : 

Refractoriness. — The brick shall be 
required to meet only one of the follow- 
ing requirements: Pyrometric cone 
equivalent not lower than cone No. 29, 
or not more than 3 per cent deformation 
in the 2460 F. (1350 C.) load test. 

Permanent Linear Shrinkage. — When 
tested in accordance with schedule D 
(2460 F., 1350 C.), of the permanent 
linear change test, the brick shall not 
show a contraction of more than 1.5 
per cent. 

{b) Type G, — Type G shall be a low 
heat duty^ fireclay brick conforming to 
the following requirements: 

Pyrometric Cone Equivalent. — The 
brick shall have a P.C.E. not lower than 
cone No. 19. 

Modulus of Rupture. — The brick shall 
have a modulus of rupture of not less 
than 500 psi. 

Retests 


6. Because of variables resulting from 
sampling and the lack of perfect re- 


< See the Classification of Fireclay Refractories 
(A.S.T.M. Designation C: 27) , which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 


Note. — A retest provision for variation in 
size is a part of that test method. 

Methods of Testing 

7. The properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
test of the American Society for Testing 
Materials: 

{a) Size. — Methods of Test for Size 
and Bulk Density of Refractory Brick 
(A.S.T.M. Designation: C 134) 

{h) Warpage. — Method of Test for 
.Warpage of Refractory Brick and Tile 
(A.S.T.M. Designation: C 154).® 

(c) Pyrometric Cone Equivalent . — 
Method of Test for Pyrometric Cone 
Equivalent (P.C.E.),of Refractory Ma- 
terials (A.S.T.M. Designation: C 24).® 
{d) Load Test (2460 F,, 1350 C.).— 
Schedule No. 2 of the Method of Testing 
Fireclay Refractories Under Load at High 
Temperatures (A.S.T.M. Designation; 
C 16).® 

(e) Permanent Linear Shrinkage for 
Intermediate Heat Duty Brick (2460 F., 
1350 C.).— Schedule D of the Method 
of Test for Permanent Linear Change 
After Reheating of Refractory Brick 
(A.S.T.M. Designation: C 113).® 

(/) Modulus of Rupture. — Methods of 
Test for Cold Crushing Strength and 
Modulus of Rupture of Refractory 
Brick and Shapes (A.S.T.M. Designa- 
tion: C 133).® 



Standard Specifications for 
REFRACTORIES FOR INCINERATORS^ 



A.S.T.M. Designation: C 106-41 
Adopted, 1941.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 106; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) The purpose of these specifica- 
tions is the selection of fireclay refrac- 
tories for service in municipal and 
industrial incinerators under general 
conditions of operation and furnace 
design. 

(5) These specifications are intended 
to cover only burned products made 
from fire clay by the usual processes of 
manufacture, and are not intended to 
include products other than those regu- 
larly sold as fireclay brick. 

Zones of Highest Temperatures 

2. The refractories to be used in the 
zones of highest temperatures, such as 
the main body of the furnace, crown, 
and target wall, shall be high heat duty 
fireclay brick conforming to the require- 
ments of type A (Section 5 (a)). 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A,S. 
T.M. Committee C-8 on Refractories. 

“Prior to their present adoption as standard, these 
specifications were published as tentative from 1934 to 1936, 
being revised in 1934. They were adopted in 1936, pub- 
lished as standard from 1936 to 1940, being revised in 1939, 
but withdrawn and republished as tentative from 1940 to 
1941. Editorially revised in 1942. 


Lining of Chimneys 

3. Because of various conditions which 
may be encountered in different installa- 
tions, there are provided in this section 
of the specifications three types of re- 
fractories for the lining of chimneys. In 
order to select the type best suited for a 
particular installation, careful considera- 
tion should be given to the conditions 
that will exist. Unless the high heat 
duty brick, type ri, or the low heat duty 
brick, type G is definitely specified, there 
shall be supplied for this section of the 
specifications the intermediate heat duty 
brick, type F. 

REQUIREMENTS FOR THE VARIOUS 
TYPES OF REFRACTORIES 

Size and Warpage 

4. The following permissible varia- 
tions in size and warpage shall apply to 
each type of refractory listed in 
Sections: 

.(c) Size , — When tested in accordance 
with the Methods of Test for Size and 
Bulk Density of Refractory Brick 
(A.S.T.M, Designation: C 134) of the 
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American Society for Testing Materials,® 
the standard 9-in. fireclay brick shall 
not show a size variation of more than 
plus or minus 2 per cent. Tile or shapes 
shall not show a size variation of more 
than plus or minus 2 per cent on 
dimensions of 4 in. or over, and plus or 
minus 3 per cent on dimensions smaller 
than 4 in. 

(b) Warpage. — Ninety-five per cent of 
the shapes shall not show a warpage 
greater than 1 per cent of the diagonal 
used in making the measurement. 

Test Requirements 

5. (a) Type A . — Type A shall be a 
high heat duty'^ fireclay brick conform- 
ing to the following requirements: 

Refractoriness , — The brick shall be 
required to meet only one of the follow- 
ing requirements: Pyrometric cone 
equivalent not lower than cone No. 
31-32, or not more than 1.5 per cent 
deformation in the 2460 F. (1350 C.) 
load test. 

Permanent Linear Shrinkage . — When 
tested in accordance with schedule B 
(2550 F., 1400 C.) of the permanent 
linear change test, the brick shall not 
show a contraction of more than 1.5 per 
cent. 

Spalling.—^hew subjected to the 
panel spalling test (preheated at 2910 F., 
1600 C.), the brick shall not show a loss 
greater than 15 per cent. 

(6) Type F . — Type F shall be an 
intermediate heat duty^ fireclay brick 
conforming to the following require- 
ments: 

Refractoriness . — The brick shall be re- 
quired to meet only one of the following 
requirements: Pyrometric cone equiva- 
lent not lower than cone No. 29, or not 


‘Appears in this publicalioii, see Contents in Numeric 
Seciucnce of A.S.T.M . Designations at front of book. 

< See the Classification of Fireclay Refractories 
(A.S.T.M, Designation : C 27) , which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at fioiit of book. 


more than 3 per cent deformation in the 
2460 F. (1350 C.) load test. 

Modulus of Rupture : — The brick shall 
have a modulus of rupture of not less 
than 500 psi. 

{c) Type G . — Type G shall be a low 
heat duty'* fireclay brick conforming to 
the following requirements: 

Pyrometric Co7te Equivalent.— The 
brick shall have a P.C.E, not lower than 
cone No. 19. 

Modulus of Rupture . — The brick shall 
have a modulus of rupture of not less 
than 500 psi. 

Retests 

6. Because of variables resulting from 
sampling and the lack of perfect re- 
producibility in tests conducted by 
difi'erent laboratories, resampling and 
retesting may be carried out when 
requested by either the purchaser or the 
manufacturer. This may apply in 
instances where the first test result does 
not conform to the limits prescribed in 
these specifications. The final result to 
be used for each test shall be the average 
of the original and the retest figures. 

Note. — A retest provision for variation in 
size is a part of that test method. 

Methods of Testing 

7. The properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
test of the American Society for Testing 
Materials: 

(a) Size . — Methods of Test for Size 
and Bulk Density of Refractory Brick 
(A.S.T.M. Designatioh: C 134).® 

{b) Warpage . — Method of Test for 
Warpage of Refractory Brick and Tile 
(A.S.T.M. Designation: C 154).® 

(c) Pyrotneiric Cone Equivalent . — 
Method of Test for Pyrometric Cone 
Equivalent (P.C.E.) of Refractory Ma- 
terials (A.S.T.M. Designation: C 24).® 
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(d) Load Test (2460 F., 1350 C.).— 
Schedule No. 2 of the Method of Testing 
Fireclay Refractories Underload at High 
Temperatures (A.S.T.M. Designation- 
C 16).=* 

(e) Permanent Linear Shrinkage for 
High Heat Duty Brick (2550 F., 1400 
C.).— Schedule B of the Method of 
Test for Permanent Linear Change 
After Reheating of Refractory Brick 
(A.S.T.M. Designation: C IIS).^ 


(/■) Panel Spalling Test for High Bea 
Duty Brick (2910 F., 1600 C.).— Method 
of Panel Test for Resistance to Thermal 
and Structural Spalling of High Heat 
Duty Fireclay Brick (A.S.T.M. Desig- 
nation: C 107)."' 

(g) Modulus of Rupture . — Methods of 
Test for Cold Crushing Strength and 
Modulus of Rupture of Refractory Brick 
and Shapes (A.S.T.M. Designation: 
C 133).** 


Sta?idard Specifications for 

REFRACTORIES FOR MALLEABLE IRON FURNACES WITH 
REMOVABLE BUNGS, AND FOR ANNEALING OVENS' 



A.S.T.M. Designation: C 63 -41 
Adopted, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 63; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (c) The purpose of these specifica- 
tions is the selection of fireclay refrac- 
tories for service in malleable furnaces 
and annealing ovens under general con- 
ditions of operation and furnace design. 

(f>) These specifications are intended 
to cover only burned products made 
from fire clay by the usual processes of 
manufacture, and are not intended to 
include products other than those regu- 
larly sold as fireclay brick. 


Malleable Furnace Bungs 

2. The refractories to be used in the 
bungs shall be a special type of fireclay 
brick conforming to the requirements 
of type! (Section 8 {a)). 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M, Committee C-8 on Refractories. 

* Prior to their present adoption as standard, these 
specifications were published as tentative from 1927 to 
1928. They were adopted in 1928, published as standard 
from 1928 to 1934, but v/ithdrawn and republished as ten- 
tative from 1934 to 1936. They were adopted in 1936, 
published as standard from 1936 to 1940, being revised in 
1939, but withdrawn and republished as tentative from 
1940 to 1941. Editorially revised in 1942. 


Furnace Sidewalls and Bridgewalls 

3. The refractories to be used in 
malleable furnace sidewalls and bridge- 
walls shall be high heat duty fireclay 
brick conforming to the requirements of 
type 3 (Section 8 (6)). 

Lining of Fire boxes and Lower Portion 

of Stack 

4. The refractories to be used in lining 
the fireboxes of malleable iron furnaces 
and of annealing ovens, and the lower 
portion of the stack, shall be high heat 
duty fireclay brick conforming to the 
requirements of type K (Section 8 (c)). 

Upper Stack Lining 

5. The refractories to be used in lining 
the upper portion of the stack shall be 
intermediate heat duty fireclay brick 
conforming to the requirements of type 
B. (Section 8 (</)). 

Annealing Oven Chamber 

6. The refractories to be used in con- 
structing the annealing oven chamber 
shall be low heat duty fireclay brick 
conforming to the requirements of type 
L (Section 8 (e)). 
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REQUIREMENTS FOR THE VARIOUS 
TYPES OF REFRACTORIES 

Size and Warpage 

7. The following permissible varia- 
tions in size and warpage shall apply to 
each type of refractory listed in 
Section 8: 

(a) Size. — When tested in accordance 
with the Methods of Test for Size and 
Bulk Density of Refractory Brick 
(A.S.T.M. Designation: C 134) of the 
American Society for Testing Materi- 
als,® the standard 9-in. fireclay brick 
shall not show a size variation of more 
than plus or minus 2 per cent. Tile or 
shapes shall not show a size variation 
of more than plus or minus 2 per cent 
on dimensions of 4 in. or over, and plus 
or minus 3 per cent on dimensions 
smaller than 4 in. 

(b) Warpage. — Ninety-five per cent 
of the shapes shall not show a warpage 
greater than 1 per cent of the diagonal 
used in making the measurement. 

Test Requirements 

8. (a) Type I. — Type I shall be a 
special type of fireclay refractory known 
as bung brick, conforming to the follow- 
ing requirements: 

Pyrometric Cone Equivalent. — The 
brick shall have a P.C.E. not lower than 
cone No. 32. 

Spalling. — When subjected to the 
panel spalling test (preheated at 2910 
F., 1600 C.), the brick shall not show a 
loss greater than 7.5 per cent. 

Modulus of Rupture. — The brick shall 
have a modulus of rupture of not less 
than 200 psi. 

{b) Type J. — Type J shall be a high 
heat duty^ fireclay brick conforming to 
the following requirements: 

Pyrometric Cone Equivalent . — ^The 

5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


brick shall have a P.C.E. not lower than 
cone No. 32. 

Permanent Linear Shrinkage. — When 
tested in accordance with schedule B 
(2550 F., 1400 C.) of the permanent 
linear change test, the brick shall not 
show a contraction of more than 1.5 
per cent. 

(c) Type K. — Type K shall be a high 
heat duty^ fireclay brick conforming to 
the following requirements: 

Refractoriness. — ^The brick shall be re- 
quired to meet only one of the following 
requirements: Pyrometric cone equiva- 
lent not lower than cone No. 31-32, or 
not more than 1.5 per cent deformation 
in the 2460 F. (1350 C.) load test. 

Permanent Linear Shrinkage. — When 
tested in accordance with schedule B 
(2550 F., 1400 C.) of the permanent 
linear change test, the brick shall not 
show a contraction of more than 1.5 
per cent. 

id) Type H. — Type E shall be an 
intermediate heat duty'* fireclay brick 
conforming to the following require- 
ments: 

Refractoriness. — The brick shall be 
required to meet only one of the follow- 
ing requirements: Pyrometric cone 
equivalent not lower than cone No. 29, 
or not more than 3 per cent deformation 
in the 2460 F. (1350 C.) load test. 

Permanent Linear Shrinkage. — When 
tested in accordance with schedule D 
(2460 F., 1350 C.) of the permanent 
linear change test, the brick shall not 
show a contraction of more than 1.5 per 
cent. 

(e) Type L. — Type L shall be a low 
heat duty'* fireclay brick conforming to 
the following requirements : 

Pyrometric Cone Equivalent. — The 
brick shall have a P.C.E. not lower than 
cone No. 19. 


* See the ^ Classification of Fireclay Refractories 
(A.S.TAI. Designation: C 27), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 
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Permanent Linear Shrinkage. — When 
tested in accordance with schedule A 
(2190 F., 1200 C.) of the permanent 
linear change test, the brick shall not 
show a contraction of more than 1.5 
per cent. 

Retests 

9. Because of variables resulting from 
sampling and the lack of perfect repro- 
ducibility in tests conducted by different 
laboratories, resampling and retesting 
may be carried out when requested 
by either the purchaser or the manu- 
facturer. This may apply in instances 
where the first test result does not con- 
form to the limits prescribed in these 
specifications. The final result to be 
used for each test shall be the average 
of the original and the retest figures. 

Note.— A retest provision for variation in 
size is a part of that test method. 

Methods of Testing 

10. The properties enumerated in 
these specifications shall be determined 
in accordance with the following methods 
of test of the American Society for Test- 
ing Materials: 

(a) Size— Methods of Test for Size 
and Bulk Density of Refractory Brick 
(A.S.T.M. Designation: C 134).® 

(&) Warpage. — Method of Test for 
Warpage of Refractory Brick and Tile 
(A.S.T.M. Designation: C 154).® 

(c) Pyrometric Cone Equivalent . — 
Method of Test for Pyrometric Cone 


Equivalent (P.C.E.) of Refractory Ma- 
terials (A.S.T.M. Designation: C 24).® 
(d) Load Test (2460 F., 1350 C.).— 
Schedule No. 2 of the Method of Testing 
Fireclay Refractories Under Load at 
High Temperatures (A.S.T.M. Designa- 
tion: C 16).® 

{e) Permanent Linear Shrinkage for 
Low Heat Duty Brick (2190 F., 1200 C.). 
—Schedule A of the Method of Test 
for Permanent Linear Change After 
Reheating of Refractory Brick (A.S.T.M. 
Designation: C 113).® 

(/) Permanent Linear Shrinkage for 
Intermediate Heat Duty Brick (2460 F., 
1350 C.). — Schedule D of the Method 
of Test for Permanent Linear Change 
After Reheating of Refractory Brick 
(A.S.T.M. Designation: C 113).® 

(g) Permanent Linear Shrinkage for 
High Heat Duty Brick (2550 F., 1400 
C.). — Schedule B of the Method of 
Test for Permanent Linear Change 
After Reheating of Refractory Brick 
(A.S.T.M. Designation: C 113).® 

{h) Panel Spalling Test for High Heat 
Duty Brick (2910 F., 1600 C.).— Method 
of Panel Test for Resistance to Thermal 
and Structural Spalling of High Heat 
Duty Fireclay Brick (A.S.T.M. Des- 
ignation: C 107).® 

(i) Modulus of Rupture. — ^Methods 
of Test for Cold Crushing Strength 
and Modulus of Rupture of Refractory 
Brick and Shapes (A.S.T.M. Designa- 
tion: C 133).® 



Standard Specifications for 
FIRECLAY PLASTIC REFRACTORIES FOR BOILER 
AND INCINERATOR SERVICES' 



A.S.T.M. Designation: C 176-44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 176; the final number indicates the year of original 
adoption as standard or, in the case of revision^ the year of last revision. 


Scope 

1. (a) These specifications cover fire- 
clay plastic refractories for use in boiler 
furnaces and municipal or industrial 
incinerators operated under general con- 
ditions of service. 

(6) In addition to high heat duty plas- 
tic refractories for average service con- 
ditions, super duty plastic refractories 
are covered, because for some furnaces 
the design and operation may justify the 
use of the latter. The use of super duty 
plastic refractories may be desirable in 
the zone of highest temperature and 
when severe spalling or slagging is en- 
countered, and especially when both 
slagging and spalling may occur to an 
unusual extent. Unless otherwise speci- 
fied, high heat duty plastic refractories 
shall be supplied. 

High Heat Duty Plastic Refractories 

Required for Average Service Con- 
ditions 

2. (a) Water Content. — The plastic 
refractory as received shall contain not 

1 Under the standardization procedure ot the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-8 on Refractories. 

-Prior to adoption as standard, these specifications 
were published as tentative from 1942 to 194-1. 


more than 15 per cent of water cal- 
culated on the basis of the wet weight. 

(&) Workahility Index. — The work- 
ability index of the plastic refractory as 
received shall be not less than IS per 
cent nor more than 35 per cent deforma- 
tion. The test specimen shall stand 
three tamps of the test weight without 
crumbling. 

{c) Pyrometric Cone Equivalent. — The 
T.C.E. of the plastic refractory shall 
be not lower than cone No. 31. 

(d) Drying-and-Firing Shrinkage . — 
The total drying-and-firing (2550 F., 
1400 C.) linear shrinkage of the plastic 
refractory shall be not more than 4 per 
cent of the original length. 

(e) Panel Spalling Loss. — ^The panel 
spaUing (preheated at 2910 F., 1600 C.) 
loss of the plastic refractory shall be not 
more than 15 per cent. 

Super Duty Plastic Refractories for Use 
in the Zone of Highest Temperature 
and Where Severe Spalling or Slag- 
ging Occurs 

3. (a) Water Content.— The plastic 
refractory as received shall contain not 
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more than 15 per cent of water calculated 
on the basis of the wet weight. 

(5) Workahiliiy Index. — ■ The work- 
ability index of the plastic refractory 
as received shall be not less than 15 per 
cent nor more than 35 per cent deforma- 
tion. The test specimen shall stand at 
least three tamps, of the test weight 
without crumbling. 

(c) Pyrometric Cone Equivalent . — ^Tlie 
P.C.E. of the plastic refractory shall be 
not lower than cone No. 32f . 

(d) Drying-and-Fifing Shrinkage . — 
The total drying~and-firiiig (2910 F., 
1600 C.) linear shrinkage of the plastic 
refractory shall be not more than 2.5 
per cent of the original length. 

(e) Panel Spalling Loss . — ^The panel 
spalling (preheated at 3000 F., 1650 C.) 
loss of the plastic refractory shall be not 
more than 5 per cent. 

Retests 

4. Because of the variables resulting 
from sampling and the lack of perfect 
reproducibility in tests conducted by 
different laboratories, the plastic refrac- 
tory may be resampled and retested 
when requested by either the manufac- 
turer or the purchaser. This may apply 
in instances where the first test result 
does not conform to the limits prescribed 
in these specifications. The final result 
to be used for each test shall be the 
average of the original and the retest 
values. 


Methods of Testing 

5. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 

(а) Water Content . — Methods of Test 
for Sieve Analysis and Water Content 
of Refractory Materials (A.S.T.M. Des- 
ignation; C 92).® 

(б) Workability Index . — Method of 
Test for Workability Index of Fireclay 
Plastic Refractories (A.S.T.M. Designa- 
tion: C 181).® 

(c) Pyrometric Cone Equivalent . — 
Method of Test for Pyrometric Cone 
Equivalent (P.C.E.) of Refractory Mate- 
rials (A.S.T.M, Designation: C 24),® 

(d) Drying and Firing Shrinkage . — 
Method of Test for Combined Drying 
and Firing Shrinkage of Fireclay Plastic 
Refractories (A.S.T.M. Designation: C 
179).® 

(e) Panel Spalling Loss . — Method of 
Panel Test for Resistance to Thermal 
and Structural Spalling of Fireclay 
Plastic Refractories (A.S.T.M. Designa- 
tion: C 180).® 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 



Standard Speciji cations J'or 

GROUND FIRE CLAY AS A MORTAR FOR LAYING-UP 
FIRECLAY BRICK‘ 



A.S.T.M. Designation : C 105 - 41 
AnopTED, 1936; Revised, 1941.2 

This Standard of the American Society for Testing Materiais is issued under 
the fixed designation C 105; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover ground 
fire clays to be used in laying-up fireclay 
brick. 

Quality 

2. The material shall be sufficiently 
free from grit and of such quality and 
plasticity that it will spread satisfac- 
torily with a trowel when tempered 
with adequate water. 

Grades 

3. There are two grades of ground fire 
clay, depending upon particle size, as 
follows: 

Designation 


Commercial grade C 

Fine grade F 


Particle Size 

4. (a) Commercial Grade . — Not more 
than 5 per cent shall be retained on a 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-8 on Refractories. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1934 to 1936. Editorially 
revised in 1943, 

3 Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves for Testing Pur- 
poses (A.S.T.M. Designation: E 11), which appears in 
this publication, see Contents in Numeric Sequence of 
A.S.T.M. Designations at front of book. 


No. 20 A.S.T.M. sieve® (equivalent to 
mesh No. 20 of the Tyler standard 
series), and not more than 0.5 per cent 
shall be retained on a No. 16 A.S.T.M. 
sieve (equivalent to mesh No. 14 of the 
Tyler standard series). 

(6) Fine Grade . — Not more than 5 per 
cent shall be retained on a No. 30 
A.S.T.M. sieve® (equivalent to mesh 
No. 28 of the Tyler standard series), 
and not more than 0.5 per cent shall be 
retained on a No. 20 A.S.T.M. sieve 
(equivalent to mesh No. 20 of the Tyler 
standard series). 

Classes 

5. There shall be four classes of ground 
fire clay depending upon the grade of 
refractories with which they are to be 
used. These classes shall conform to 
the following requirements as to Pyro- 
metric Cone Equivalent: 

Pyrometric Cone 


Equivalent, 

Class® Not Lower Than 

Super duty No. 31 

High heat duty No. 28 

Intermediate heat duty No. 26 

Low heat duty No. 16 


“ Each class shall be suffixed by the designating letter C 
(commercial grade) or F (fine grade) depending upon 
the particle size required. 
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tive Revisions of Standards section at the back of this book. 
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Sampling 

6. (a) Containers . — When ground fire 
clay is shipped in containers, a sample 
shall be taken as follows: 

If tlie shipment consists of 100 con- 
tainers or fraction thereof, the contents 
of one container, selected at random, 
shall be dumped and quartered to 
provide a 5-lb. sample for the laboratory. 
If the shipment consists of more than 
100 containers, the number of con- 
tainers to be sampled shall be as follows: 


Number of 
Containers 

Number of Containers Selected for 

in Sbipment Sampling 

Over 100 but less than 300 2 

300 but less than 600 3 

600 but less than 1000 4 


In tliese cases, the several 5-lb. 
samples resulting from quartering shall 
be combined and eitlier quartered or 
riffled to provide a 5-lb. sample for the 
laboratory. 

(b) Biilh . — ^When ground fire clay is 
shipped in bulk, the sample shall be so 
taken tliat it will represent an average of 
aU parts of the shipment from top to 
bottom and shall not contain a dis- 
proportionate share of the top and 
bottom layers. For a 30-ton unit, no 
less than 10 samples of approximately 
25 lb. each shall be taken from different 
parts of the car or truck by digging holes 
spaced at equal intervals. If the ship- 
ment is more than 30 tons, a sample 


proportionately larger shall be taken. 
The combined samples shall be thor- 
oughly mixed and quartered or riffled to 
pro^ .de a S-lb. sample for the laboratory. 

It shall be permissible to obtain the 
sample during unloading by taking a 
small scoopful of clay at regular in- 
tervals. One scoopful of clay, weighing 
approximately lb., shall be taken for 
each ton of material. In no case, 
however, shall the combined samples 
weigh less than 50 lb. The combined 
samples shall be thoroughly mixed and 
quartered or riffled to provide a 5-lb. 
sample for the laboratory. 

Methods of Testing 

7. The properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
test of the American Society for Testing 
Materials: 

{a) Particle Size . — The procedure for 
wet sieve analysis as described in Sec- 
tion 5 of the Methods of Test for Sieve 
Analysis and Water Content of Re- 
fractory Materials (A.S.T.M. Desig- 
nation: C 92).^ 

{h) Pyrometric Cone Equivalent . — 
Method of Test for Pyrometric Cone 
Equivalent (P.C.E.) of Refractory Ma- 
terials (A.S.T.M. Designation: C 24).‘^ 


I Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Standard Classijication of 
FIRECLAY REFRACTORIES' 



A.S.T.M. Designation: C 27-41 
Adopted, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 2'? ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This classification is intended prin- 
cipally to group fireclay brick according 
to their resistance -to heat. 

Super Duty Fireclay Brick 

2. Super Duty Fireclay Brick ,. — A 
fireclay brick having a pyrometric cone 
equivalent not lower than cone No. 33 
on the fired product, not more than 1 
per cent linear shrinkage in the per- 
manent linear change test, schedule C 
(2910 F., 1600 C.), and not more than 
4 per cent loss in the panel spalling 
test (preheated at 3000 F., 1650 C.), 

High Heat Duty Fireclay Brick 

3. Eigh Beat Duty Fireclay Brick. 
— A fireclay brick conforming to only 
one of the following requirements: 
Pyrometric cone equivalent not lower 
than cone No. 31-32, or not more than 
1.5 per cent deformation in the 2460 F. 
(1350 C.) load test. 

1 Under the standardization procedure of the Society, 
this classification is under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

2 Prior to its present adoption as standard, this classi- 
fication was published as tentative from 1919 to 1920. It 
was adopted in 1920, published as standard from 1920 to 
1940, being revised in 1928, 1935, 1937, and 1939, but with- 
drawn and republished as tentative from 1940 to 1941. 
Editorially revised in 1942. 


Intermediate Heat Duty Fireclay Brick 

4. Intermediate Heat Duty Fireclay 
Brick . — A fireclay brick conforming to 
only one of the following requirements: 
Pyrometric cone equivalent not lower 
than cone No. 29, or not more than 3 
per cent deformation in the 2460 F. 
(1350 C.) load test. 

Low Heat Duty Fireclay Brick 

5. Low Heat Duty Fireclay Brick . — 
A fireclay brick having a pyrometric 
cone equivalent not lower than cone 
No. 19. 

Alumina-Diaspore Fireclay Brick 

6. (a) 50 per cent Alumina-Diaspore 
Fireclay Prfclfe.— Refractory brick hav- 
ing diaspore or nodular fire clay as an 
essential original ingredient, an alumina 
content of 50 ± 2.5 per cent, and a 
pyrometric cone equivalent not lower 
than cone No. 34. 

(6) 60 per cent Alumina-Diaspore Fire- 
clay Brick . — Refractory brick having 
diaspore or nodular fire clay as an es- 
sential original ingredient, an alumina 
content of 60 ± 2.5 per cent, and a 
pyrometric cone equivalent not lower 
than cone No. 35. 
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(c) 70 per cent Alumina-Diaspore 
Fireclay Brick. — Refractory brick hav- 
ing diaspore as an essential original 
ingredient, an alumina content of 70 ± 
2.5 per cent, and a pyrometric cone 
equivalent not lower than cone No, 36. 

Note. — Definitions of diaspore clay and nodu- 
lar fire clay appear in the Definitions of Terms 
Relating to Refractories (A.S.T.M. Designation: 
C 71) of the American Society for Testing 
Materials.^ 

Methods of Testing 

7. The properties enumerated in this 
classification shall be determined in ac- 
cordance with the following methods of 
test of the American Society for Testing 
Materials: 

(a) Pyrometric Cone Equivalent , — 
Method of Test for Pyrometric Cone 


3 Appears in this pubJicafion, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Equivalent (P.C.E.) of Refractory Ma- 
terials (A.S.T.M. Designation: C24).® 

(6) Permanent Linear Shrinkage for 
Super Duty Brick (2910 F., 1600 C.). 
— Schedule C of the Method of Test for 
Permanent Linear Change After Re- 
heating of Refractory Brick (A.S.T.M. 
Designation; C 113).^ 

(c) Panel Spalling Test for Super 
Duty Brick (3000 F., 1650 C.). — Method 
of Panel Test for Resistance to Thermal 
and Structural Spalling of Super Duty 
Fireclay Brick (A.S.T.M. Designation: 
C 122).3 

(d) Load Test (2460 F., 1350 C.).— 
Schedule No. 2 of the Method of Testing 
Fireclay Refractories Under Load at 
High Temperatures (A.S.T.M. Desig- 
nation: C 16).^ 

(e) Alumina Content. — Methods of 
Chemical Analysis of Refractory Ma- 
terials (A.S.T.M. Designation: C 18).® 


Standard Methods of 

CHEMICAL ANALYSIS OF REFRACTORY MATERIALS* 



A.S.T.M. Designation; C 18 - 41 

Adopted, 1939; Revised, 1941 A 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 18; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) These methods cover proce- 
dures for the chemical analysis of fire- 
clay, silica, high-alumina, and magne- 
site refractories, and of chrome ore and 
chrome refractories. 

{h) The analytical procedures appear 
in the following order; 


Fireclay Refractories: Section 

Moisture 7 

Loss on Ignition 8 

Silica 9 

Iron, Aluminum, and Titanium Ox- 
ides. 10 

Iron Oxide 11 

Titania 12 

Alumina 13 

Lime 14 

Magnesia. IS 

Alkalies 16 

Silica Refractories: 

Moisture 18 

Loss on Ignition 19 

Silica 20 

Iron and Aluminum Oxides 21 

Iron Oxide 22 

Titania 23 

Alumina 24 

Lime 25 

Magnesia 26 

Alkalies 27 


High- Alumina Refractories: 

Moisture 29 

Loss on Ignition 30 

Silica 31 

Separation of AljOj and P 2 O 6 from 

FeaOs, TiOa, CaO, and MgO 32 

Iron Oxide 33 

Titania 34 

Phosphorus Oxide 35 

Alumina 36 

Lime 37 

Magnesia 38 

Alkalies 39 

Magnesite Refractories: 

Moisture..... 42 

Loss on Ignition 43 

Silica 44 

Iron and Aluminum Oxides! 45 

Iron Oxides 46 

Alumina 47 

Lime 48 

Magnesia 49 

Manganese as MnO 50 

Chrome Ore and Chrome Refractories: 

Moisture 53 

Loss on Ignition 54 

Chromium Oxide 55 

Titania and Ferrous Oxide 56 

Titania 57 

Ferrous Oxide 58 

Silica 59 

Alumina 60 

Lime 61 

Manganese as MnO 62 

Magnesia 63 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

= Prior to their present adoption as standard, these 
methods were published as tentative from 1917 to 1920, 
being revised in 1918. They were adopted in 1920, pub- 
lished as standard from 1920 to 1937, being revised in 1935, 
but were withdrawn and published as tentative from 1937 
to 1939. 


Note. — ^These methods have been compiled as 
standard procedures for use in referee analyses. 
These methods, however, when the determina- 
tion of iron oxide as FeaOa is involved, are not 
intended to preclude the use of other procedures 
that give results within the permissible varia- 
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tions. For the sake of uniformity the classical 
Zimmerman-Reinhardt procedure is specified 
for the determination of iron oxide. It is 
recognized that numerous other procedures are 
equally accurate and often more convenient. 
The other procedures commonly in use include 
reduction of an oxidized solution with zinc or 
other metal, and titration with standard KMnO^ 
or K2Cr207, as Avell as titration -with a standard 
solution of titanous chloride in an oxidized 
solution. These procedures shall be considered 
acceptable provided the analyst has obtained 
results by his special procedure which check with 
the Zimmerman-Reinhardt procedure within 
the limits specified in Section 6. It is suggested 
that the National Bureau of Standards’ standard 
samples be used for checking the accuracy of 
procedures. 

It will be understood that the maldng of a 
complete analysis of a refractory material is a 
difficult procedure requiring a wide knowledge 
of the chemistry involved in tlie operations and 
a thorough training in carrying out the work. 
A skilled analyst of good training is therefore 
required to do the work. The descriptions here 
given cover the vital points of procedure, but 
frequent reference in regard to the details of 
the various manipulations should be made to 
“Applied Inorganic Analysis” by Hillebrand 
and LundelF and to similar publications. Par- 
ticularly in the determination of alumina, 
reference should be made to Scientific Paper 
No. 286 of the National Bureau of Standards.** 


Reagents and Special Solutions Re- 
quired 

2. The lists in Paragraphs {a) to (w) 
include those reagents and special solu- 
tions common to two or more of the 
analytical procedures. Other special 
reagents and solutions required will be 
found listed with the particular method 
in which they are prescribed. 

{a) Concentrated Acids and Ammon- 
ium Hydroxide . — Concentrated c.p. 
acids and ammonium hydroxide of ap- 
proximately tlie following specific gravi- 
ties or concentrations will be required: 


“W. F. Hillebrand and G, E. F. Luiidell, ‘‘Applied 
Inorganic Analysis,” Wiley and Son, New York City 
(1929). 

^_W. Blum, “Determination of Alumina as 0.dde,” 
National Bureau of Standards Scienliftc Paper No. ZS6. 


Hydrochloric acid, HCi 1 . 19 sp. gr. 

Nitric acid, HNOa 1.42 sp. gr, 

Suhuric acid, H2SO4 1 .84 sp. gr. 

Hydrofluoric acid, HF .40 per cent 

Perchloric acid, PICIO4. .6O to 70 per cent, c. p.® 

Sulfurous acid 6 per cent solution^ 

Ammonium hydroxide, NH4OPI 0.90 sp. gr. 


“ Lower purity varieties may contain aluminum oxide, 
AI2O3, as an impurity. 

^ As supplied by reagent manufacturers. 

(&) Diluted Acids and Ammonium Hy- 
droxide . — The diluted acids and ammo- 
nium hydroxide referred to are of varying 
percentages by volume. They shall be 
made up by mixing proportional volumes 
of the concentrated reagent and water. 
The diluted sulfuric acid mixtures shall 
be made up by slowly stirring the acid 
into the water. These diluted acids and 
ammonium hydroxide are designated in 
the methods as (1:4), (1:9), etc., except 
very diluted solutions which are referred 
to by the percentage of reagent added. 
The designation in parentheses indicates 
the ratio of the volume of the concen- 
trated reagent to the volume of water; 
for example, , H 2 SO 4 (1:9) contains 10 
per cent by volume of H 2 SO 4 (sp. gr, 
1.84). The following will be required: 

Percentage by Volume 


Hydrochloric acid 

... [SO 


120 


rso 

Sulfuric acid 

... 10 


15 

Nitric acid 

... /30 


1 3 

Ammonium hydroxide 

... [50 


1 5 


(c) Ammomum Chloride {2 per cent). 
— Dissolve 2 g. of NH 4 CI in 100 ml, 
of water. 

(d) Ammonium Oxalate {Saturated So- 

Dissolve 4 g. of (NH 4 ) 2 C 204 
in 100 ml. of water. 

{e) Standard Potassium Permanganate 
(0.1 iV) .“Dissolve 3.25 g. of KMn 04 
in 1000 ml. of water. Standardize 
agamst the National Bureau of Stand- 
ards’ standard sample 40c of sodium 
oxalate. 
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(/) Standard Potassium Permanga- 
nate (0.04 N). — Dissolve 2.5 g. of 
KMnO^ in water and make up to 2 
liters. Allow to stand for a week, filter 
through an asbestos mat, and keep in a 
dark place. Standardize against the 
National Bureau of Standards’ standard 
sample 40c of sodium oxalate. 

(g) Standard Titania Solution . — 
Weigh out 0.05 g. of pure calcined Ti02. 
Fuse with 10 g. of IC2S2O7 in a clean 
platinum crucible, keeping the tempera- 
ture as low as possible to maintain fluid- 
ity. Cool, and dissolve in about 300 ml, 
of diluted H2SO4 (1:5). Cool, transfer 
to a 500-ml. volumetric flask, dilute to 
the mark with water, and mix thor- 
oughly. To standardize the solution, 
take two 50-ml. portions in 400-mL 
beakers, dilute, boil, and precipitate with 
NH4OH. Filter, and wash with hot 
water. Place the papers in the original 
beakers, add 15 ml. of HCl, stir to macer- 
ate the paper, dilute, and precipitate 
again with NPI4OH. Filter, and wash 
with hot water until free of alkali 
salts. Ignite carefully, blast, and weigh. 
From the w'eight determined, calculate 
the strength of the solution. 

(h) Standard Sodium Arsenite Solu- 
tion. — Dissolve 0.908 g. of pure arsenious 
oxide, AS2O3, in a small amount of hot 
Na2C03 solution, cool, filter, and dilute 
to 1 liter. Standardize against a steel 
of known manganese content. 

(i) Stannous CMoride Solution. — Dis- 
solve 50 g. of SnCla in 100 ml. of HCl 
and dilute to 1000 ml. Keep a few 
pieces of metallic tin in the bottle. 

(j) Mercuric CMoride Solution.-— V xq- 
pare a saturated solution of HgClg. 

(h) M anganese Sulfate Solution.^"’ — Dis- 
solve 70 g. of crystalline MnSOd in 500 
ml. of water. Add 140 ml. of phosphoric 
acid, H3PO4, (sp. gr. 1.7) and 130 ml. of 
H2SO4 (sp. gr. 1.84). Dilute to 1 liter. 


(Z) Hydrogen Peroxide (30 per cent). 

(m) Diammonium Phosphate Solution. 
—Dissolve 10 g. of (NH4)2HP04 in 100 
ml. of water. 

(n) Chloroplatinic Acid Solution (10 
per cent). 

(6) Ethyl Alcohol (80 per cent).-— 
Prepare a solution containing 80 per cent 
by volume of ethyl alcohol in water. 

(p) Ethyl Alcohol (Absolute). — Cer- 
tain commercial brands of denatured 
absolute alcohol are satisfactory as well 
as being considerably less expensive than 
the c.p. absolute alcohol. 

Preparation of Samples for Analysis 

3. The sample, carefully obtained by 
one of the approved methods of sam- 
pling, shall be crushed in a small jaw or 
roll-type crusher with hardened tool- 
steel faces to pass a No. 8 (2380-micron) 
sieve.® The sample shall then be 
crushed to pass a No. 20 (840-micron) 
sieve,® mixed, and quartered to about 
50 g. This 50-g. sample shall then be 
ground so that it will all pass a No. 
100 (149-micron) sieve,® unless other- 
wise specified, mixed thoroughly, and 
placed in a container which will insure 
freedom from contamination. Fine 
grinding shall be done in an agate mortar, 
either by hand or by a mechanical 
sample grinder of the McKenna, Carling, 
Fisher, or similar type so constructed 
as to prevent the introduction of im- 
purity. 

Statement of Analysis®'^ 

4. Moisture shall be determined on 
the sample in its ordinary air-dried con- 
dition. All other percentage compo- 
sitions shall be determined on moisture- 
free samples and reported, accordingly, 
on a moisture-free basis. The drying 
temperature recommended for all niois- 

s Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11), which appears in this pub- 
iication, see Contents in Numeric Sequence of A.S.'T.M, 
Designations at front of book. 

^ This section was editorially revised in 1912. 


This paragraph was editorially revised in 1943. 
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ture determinations is 105 to 110 C., 
although it is recognized that in the 
case of certain raw fire clays a tempera- 
ture as high as 140 C. may be required 
for complete removal of all hygroscopic 
moisture.® Whenever a sample is 
weighed out for any determination other 
than moisture, it shall be moisture-free. 
If preferred, the sample may be dried in a 
weighing bottle from which the required 
samples shall be weighed out. 

Blank Determinations 

5. Blank determinations on the re- 
agents shall be made for each constit- 
uent in the refractory and this blank 
deducted in each case. For the de- 
termination of the silica blank, approx- 
imately 0.25 g. of AI2O3 should be added 
as pure aluminum chloride. 

Reproducibility of Results 

6. In all cases, check determinations 
shall be made, and the results shall be 
redetermined if satisfactory checks are 
not obtained. Results shall be con- 
sidered satisfactory if the differences 
between check determinations do not 
exceed the following limits: 

Permissible 
Variations 
Between Check 
Determinations, 
max., per cent 

For silica or other constituent 
amounting to 30 per cent® or 

over 0.3 

For alumina or other constituent 
amounting to 10 to 30 per 

cent® 0.2 

For any other constituent 
amounting to under 10 per 
cent® 0.1 


® These figures are stated in terms of the whole sample 
as 100 per cent. 

Fireclay Refractories 
Moisture 

7. Weigh 1.00 g. of the sample and 
heat to constant weight at a temperature 

• See National Bureau of Standards’ Certificates of 
Analysis of Standard Samples of Fire Clays, Nos. 97 and 
98, August 31, 1931. 


not under 105 nor over 110 C. Record 
the loss in weight as moisture. 

Loss on Ignition 

8. Weigh 1.000 g. of the moisture-free 
(105 to 110 C.) sample and heat to con- 
stant weight over a blast lamp, or in an 
electric mufSe furnace, at 900 to 1000 C. 
Record the loss in weight as the ignition 
loss. 

Silica 

9. Weigh 0.5000 g. of the moisture- 
free (105 to HOC.) sample into a plati- 
num crucible containing about 5 g. of 
powdered anhydrous Na2C03 and mix 
well with a platinum wire. Cover the 
mixture with a little more Na2C03. 
Heat gradually to the full heat of a good 
burner (1000 to 1100 C.) maintained for 
about 1 hr. until complete solution is ob- 
tained. Place the crucible cover on a 
triangle, and when the melt has partially 
cooled pour it on the lid (Note). When 
cool, place the crucible and lid in a 150- 
ml. beaker, placing the button on a 
watch glass above the beaker. Add 30 
ml. of HCl (1:1). When solution is 
complete wash off the crucible and lid 
with HCl (1:4), taking care to remove 
all Si02. Place the button in the solu- 
tion. Transfer the contents of the 
beaker to an evaporating dish and evapo- 
rate to dryness on a steam bath. Bake 
for 1 hr. at 110 C. Add 20 to 30 ml. of 
HCl (1:1) and 50 ml. of hot water. 
When all salts have been dissolved, allow 
to settle for several minutes and then 
filter through a No. 40 Whatman paper 
or equivalent. Wash the Si02 three 
times by decantation using 20 to 30-ml. 
portions of first hot water, then tICl 
(1:1), then hot water again. Transfer 
the precipitate to the filter paper, re- 
moving all Si02 from the dish with a 
policeman. Wash the paper and pre- 
cipitate with hot water until free from 
salt. To recover the small amount of 
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SiOz remaining in the filtrate, evaporate 
to dryness, using the same procedure for 
baking and filtering as before. Combine 
the two precipitates, place in a platinum 
crucible, and burn off the paper carefully 
to prevent any loss of Si02. Ignite the 
sample to constant weight at 1100 to 
1200 C. (15 to 20 min. is usually suffi- 
cient), cool in a desiccator, and weigh. 
Moisten the residue with several milli- 
liters of water, add 10 ml. of HF and 3 or 
4 drops of H2SO4. Evaporate the solu- 
tion to dryness, ignite carefully to pre- 
vent decrepitation, and blast for several 
minutes at 1100 C. Cool the crucible in 
a desiccator, weigh, and repeat blasting 
to constant weight. The loss in weight 
from the original silica residue represents 
the Si 02 content, except for that part of 
the Si 02 which is later recovered from 
alumina, etc. 

Note. — A nother scheme to aid in subsequent 
solution of the fused melt is to rotate the crucible 
as it cools, spreading the mass up the side walls. 

Iron, Aluminum, and Titanium Oxides 

10. Fuse the residue with 1 g. of fused 
K 2 S 2 O 7 or Na 2 S 207 , dissolve in a small 
amount of water, and add to the filtrate 
from the silica determination (Section 
9). Add 5 g. of NFECl and 3 drops of 
methyl red solution ( 0.1 per cent). 
Heat the solution almost to boiling, and 
add slowly NH 4 OH (1:1) until the indi- 
cator has changed to a yellow color. 
Boil for several minutes to remove the 
excess ammonia. Allow to settle for 30 
min. and decant through a No. 41 What- 
man filter paper or equivalent, trans- 
ferring the precipitate to the paper and 
washing the beaker and paper several 
times with a warm NH 4 CI solution (2 
per cent). Reserve the filtrate. A, for 
the determination of CaO and MgO 
(Section 14). Return the precipitate to 
the original beaker, add 50 ml. of hot 
water and 10 mb of HCl (sp, gy, 1.19). 
Stir until the precipitate h dissolved and 


the paper is well macerated. Dilute 
to about 200 ml. with hot water, precipi- 
tate and filter as before. Combine this 
filtrate B with filtrate A. Wash the 
paper and precipitate with a warm 
NH 4 CI solution (2 per cent). Place the 
precipitate in a weighed platinum cru- 
cible and ignite. Continue the ignition 
at 1200 C. to constant weight (15 to 20 
min. is usually sufficient). Cool in a 
desiccator, and weigh with the crucible 
covered with the lid. The R2O3 con- 
sists of the AI2O3, Ti02, and Fe^Os pres- 
ent in the sample. In addition there 
may be small amounts of P2O5, Zr 02 ,V 205 
and Cr203. 

Iron Oxide 

11. (a) Method A: Fe^Os Determined 
on RiOz Sample . — Heat the R 2 O 3 pre- 
cipitate (Note) obtained in the deter- 
mination of iron, aluminum, and tita- 
nium oxides (Section 10) with fused 
K 2 S 2 O 7 or Na 2 S 207 until solution is com- 
plete. Dissolve the fusion in 50 ml. of 
H 2 SO 4 (1:9) and evaporate to fumes. 
Cool, dilute with water, and filter off the 
Si02, washing with hot water. Reserve 
the filtrate for the determination o£ 
Fe 203 and Ti02- Ignite the Si02 in a 
platinum crucible and weigh. Treat the 
precipitate with 5 ml. of HF and. 2 or 
3 drops of H 2 SO 4 . Evaporate to dry- 
ness, ignite, and weigh. The loss in 
weight represents extra SiOo which 
should be added to that determined 
previously and also deducted from the 
weight of the R 2 O 3 precipitate. Evapo- 
rate the filtrate obtained in correcting 
the R 2 O 3 precipitate for Si 02 to about 
75 ml. Cool, and dilute to 100 ml. in a 
volumetric flask. Reserve 25 ml. for 
the determination of Ti02 (Section 12)., 
To the remainder, add 25 ml. of HCI 
(1 : 1) and heat to boiling. Reduce the 
iron by adding SnCh solution drop by 
drop from a pipette with constant swirl- 
ing of the beaker until the solution is. 
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colorless. Then add one drop in excess.' 
Cool quickly in running water, then add 
at one stroke 15 ml. of saturated HgCl2 
solution. Allow to stand for 3 min., 
then transfer with washing to a lOOO-ml. 
beaker containing 300 ml. of cold dis- 
tilled water and 25 ml. of MnS04 solu- 
tion. Titrate with standard 0.04 N 
KMn04, added very slowly while stir- 
ring constantly, until a permanent pink 
end point is obtained. 

Note. — Instead of fusing directly in the 
platmum crucible in which the RjOs was ignited, 
the precipitate may be brushed into a porcelain 
crucible and then fused with K2S2O7 or Na2S207. 
This avoids loss of platinum by the action of the 
pyrosulfate, and no platinum Is present in the 
filtrate to interfere with the iron determination. 

(b) Method B: Fe^Oz Determined on 
a Separate Sample . — Weigh 1.00 g. of 
the finely ground, moisture-free (105 to 
HOC.) sample into a platinum crucible, 
add 10 drops perchloric acid (HCIO4) 
and 20 ml. of HF, and heat almost to 
dryness on a hot plate. Add 5 to 10 ml. 
of HCIO4 and heat until residue has dis- 
solved (Note). Cool, place crucible in a 
400-ml. beaker, add 100 ml. of water, and 
heat to boiling. Any residue present, 
other than Si02, should be filtered off 
and fused with K2S2O7 or Na2S207 in a 
porcelain crucible and added to the main 
solution. 

Note. — Decomposition of raw fire clays 
and some fired refractories can be effected 
equally as well by substituting an equal volume 
of H2SO4 ( 1 : 1 ) for the HCIO4. In this case, 
heat to fumes once, cool, dilute, filter, and fuse 
any residue remaining undissolved. 

ic) Determine iron, using one of the 
approved methods referred to in the 
note under Section 1. 

Titania 

12. Determine Ti02 colorimetrically 
in the 25-ml. portion reserved for this 
purpose (Section 11) by oxidizing both 
the sample and the standard Ti02 solu- 


tion with several drops of a H2O2 solu- 
tion (30 per cent). Compare the colors 
either in Nessler tubes or in a suitable 
colorimeter. Use a H2SO4 solution (5 
per cent) for diluting purposes in match- 
ing the colors. 

Alumina 

13. Subtract the calculated weight of 
Fe203 (Section 11 (a) or (5)), Ti02 (Sec- 
tion 12), and Si02 (Section 9) from the 
weight of R2O3 (Section 10). The re- 
mainder is the weight of AI2O3 plus small 
amounts of the oxides which may in- 
clude those previously mentioned in 
Section 10. These are generally con- 
sidered as AI2O3 in reporting the analysis 
of fireclay refractories. 

Lime 

14. Evaporate the combined filtrates 
reserved (Section 10) for the determina- 
tion of CaO and MgO to about 200 ml., 
add 10 to 15 ml. of the saturated am- 
monium oxalate solution and 2 to 3 ml. of 
NH4OH. Heat for 1 to 2 hr,, by which 
time the volume should be about 75 to 
100 ml. Allow the precipitated calcium 
oxalate to settle. Decant through a 
dense filter paper (Whatman No, 40 or 
equivalent), taking care to retain the 
precipitate in the beaker, wash several 
times with warm water by decantation, 
and then wash the paper until free from 
soluble salts. Reserve the filtrate for 
the MgO determination (Section 15). 
Return the paper to the beaker contain- 
ing the precipitate, add 100 ml. of a 
H2SO4 solution (5 per cent), warm, and 
titrate to a faint pink end point with 
standard 0.04 N KMn04 solution. A 
blank should be previously determined 
for the effect of the paper. 

Note.— F or greater accuracy a double 
precipitation should be made, in which case, 
after precipitating the calcium oxalate as 
described above, decant the liquid and wash the 
beaker and paper several times with warm water. 
Dissolve the precipitate on the paper with warm 
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HCl (1:4), allowing it to run into the beaker 
containing the major portion of the calcium 
oxalate. Wash the paper witli hot water. To 
the solution (about 75 to 100 ml. in volume) 
add several milliliters of saturated (NH 4 ) 2 C 204 
solution and NH 4 OH in slight excess. Heat for 
2 hr., filter, wash, and titrate as described 
above. 

Magnesia 

15. Evaporate the filtrate from the 
CaO determination (Section 14) to about 
150 to 200 ml. and add 2 to 3 g. of di- 
ammonium phosphate((NH4)2HP04), stir 
until dissolved, and then add NH4OH 
until alkaline and then 20 ml. in excess. 
Allow the solution to stand overnight. 
Filter and wash withNH^OH (5 per cent). 
Dissolve the precipitate on the paper 
with hot HCl (1:4), allowing it to run 
into the beaker containing the precipi- 
tate. Wash the paper with hot water. 
To the solution, which should be not 
more than 100 ml. in volume, add 0.1 to 
0.2 g. of (NH4)2HP04. Make ammo- 
niacal, and then add a slight excess while 
stirring constantly until the precipitate 
is well formed. Then add 10 ml. more 
of NH4OH and allow to stand overnight 
or at least for 4 hr. Filter through a 
No. 40 Whatman paper or equivalent. 
Transfer the precipitate to the paper and 
wash well with NH4OH (5 per cent). 
Place the paper in a weighed platinum 
crucible, burn off the paper at a low 
temperature (below 900 C.), and ignite 
to constant weight at 1050 to 1100 C. 
(15 to 30 min. is sufficient). 

Alkalies’^ 

16. (a) Weigh 1.00 g. of the moisture- 
free (105 to 110 C.) sample (ground to an 
impalpable powder) and 3.0 g. of NH4CI 
into an agate mortar and mix well. Add 
7 to 8 g. of CaCOs and again mix in- 
timately. Place a |-in. layer of CaCOa 
in the bottom of a platinum crucible, and 
then add the above mixture, tapping the 
crucible occasionally to obtain a dense 

''This procedure for the determination of alkali is 
the J. Lawrence Smith method. 


mass. Place a |-in. layer of CaCOs on 
the top. Heat the crucible over a low 
flame until anmionia fumes are no longer 
given off, then increase the heat so that 
the bottom half of the crucible is a dull 
red and maintain this temperature for 
about 1 hr. Cool, fill the crucible three- 
fourths full of water, and heat until the 
contents can be taken out and crushed in 
an agate mortar. Transfer to a plati- 
num or porcelain dish by means of a jet 
of water. Evaporate to a low volume, 
decant through a No. 40 Whatman filter 
paper, or equivalent, and wash the ma- 
terial in the dish several times by de- 
cantation with warm water. Transfer 
to the paper and wash several times with 
hot water. Acidify with several milli- 
liters of HCl and evaporate to a volume 
of 150 to 200 ml. Add several milliliters 
of NH4OH and sufficient (NH4)2C03 to 
precipitate the lime, keeping the dish 
covered with a watch glass. Warm until 
the precipitate settles out. Filter and 
wash with warm water. Evaporate the 
solution to a low volume, then add a 
small lump of (NH4)2C03 to determine 
whether practically all calcium has been 
precipitated. If no precipitate forms, 
evaporate to dryness, otherwise precipi- 
tate and filter as before. Drive off the ’ 
ammonium salts by heating just short 
of a dull red. Dissolve the residue in 
water and add a few milliliters of a satu- 
rated solution of (NH4)2C204 and 1 to 
2 ml. of NH4OH to precipitate the last 
trace of calcium. Heat for 30 to 45 
min., filter, and wash with water con- 
taining (NH4)2C204 (0.1 per cent). 
Catch the filtrate in a weighed platinum 
dish. Add several drops of HCl and 
evaporate to dryness. Ignite gently as 
before and weigh as NaCl and KCl. 

(b) The separation of the potassium 
and sodium must be carried out in an 
atmosphere free from ammonia fumes. 
Add to the solution of the combined 
chlorides in a small porcelain dish, suffi- 
cient chloroplatinic acid solution to re- 
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act with all of the sodium and potassium. 
The necessary amount to use is readily 
calculated from the known strength of 
the platinum solution and the weight of 
mixed chlorides counted as NaCl. The 
dilution of the resulting solution should 
be such that when heated on the steam 
bath any precipitate that may have 
formed entirely dissolves. This is to 
prevent inclusion of mother liquor in a 
mass of crystals suddenly formed. 
Evaporate until the solution is just 
syrupy enough to solidify on cooling. 
Do not evaporate to dryness, as this will 
dehydrate the sodium salt and render it 
less soluble in alcohol. Drench the 
residue with alcohol (80 per cent), filter 
by decantation through a small paper, 
wash by decantation with more of the 
alcohol, crushing the crystals with a 
small pestle or a widened and rounded 
end of a short glass rod. Reserve the 
filtrate and washings if sodium is to 
be determined directly. The residue 
should be golden yellow. An orange-red 
color indicates incomplete removal of 
the sodium salt. It is unnecessary to 
bring the mass of the precipitate upon 
the filter. Dry the dish and paper for a 
few moments to remove adhering alco- 
hol. Dissolve the precipitate on the 
filter with hot water, catching the solu- 
tion in a weighed crucible or small dish 
of platinum. Evaporate to dryness and 
add the salt that is still in the porcelain 
dish. If the salt is at all lumpy, re- 
dissolve it in water and again evaporate 
to dryness. Heat for 1 hr. at 130 C. in 
an air oven (100 C. suffices for very small 
amounts of fine-grained precipitate). It 
is necessary to cover the receptacle at 
first because the precipitate is prone to 
decrepitate. When dry, cool and weigh 
as KoPtCle- Calculate the oxides, as 
follows: 

KCl = wt. of KzPtCle X 0.3068 

K.,0 = wt. of KjPtCIe X 0.1941 
NaCl == total chlorides — KCl 
NaaO = NaCl X 0.5303 


Silica Refractories 

Special Solutions and Reagents Re- 
quired 

17. (a) Sulfuric Acid {25 per cent by 
volume). 

(b) Nitric Acid {50 per cent by 
volume). 

{c) Stmidard Potassium Permanganate 
{0.01 N). — Dissolve 0.325 g. in 1000 ml. 
of water. Standardize against the Na- 
tional Bureau of Standards’ standard 
sample 40^; of sodium oxalate. 

Moisture 

18. Weigh 1.00 g. of the sample and 
heat to constant weight at a temperature 
not under 105 nor over 110 C. Record 
the loss in weight as moisture. 

Loss on Ignition 

19. Weigh 1.000 g. of the moisture-free 
(105 to 110 C.) sample and heat to con- 
stant weight over a blast lamp, or in an 
electric mufide furnace, at 900 to 1000 C. 
Record the loss in weight as the ignition 
loss. 

Silica 

20. Transfer 1.0000 g. of the moisture- 
free (105 to 110 C.) sample to a 30-ml. 
platinum crucible. Add 10 ml. of HNO3 
(1:1) and 5 ml. of HE. Cover the cru- 
cible, place on a hot plate on an asbestos 
pad, and heat. Heat gently at first, 
gradually increasing the temperature. 
The final temperature should be regu- 
lated to prevent boiling or spattering. 
Heating in this manner for 1 hr. is suffi- 
cient to decompose the sample. Rinse 
the underside of the crucible lid with a 
few drops of water, allowing it to run 
into the crucible. Evaporate the cru- 
cible contents to dryness. Cool, add 10 
ml. of HNO3 (1:1), and again evapo- 
rate to dryness. Introduce the acid 
slowly by pouring it down the sides of 
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the crucible. Evaporate three times 
with the HNO3 to insure complete vola- 
tilization of the fluorides. Ignite gently 
at first and then finally to constant 
weight at about 1200 C. Cool in a desic- 
cator, and weigh. The loss in \veight 
minus the loss on ignition (Section 19) 
represents all but a possible trace of the 
Si02 in the sample. 

Iron and Aluminum Oxides 

21. Fuse the residue in the crucible 
from the silica determination (Section 
20) by heating gently with about 2g. 
of potassium pyrosulfate, K2S2O7, or 
sodium pyrosulfate, Na2S207; cool, dis- 
solve in water, and acidify with 3 to 4 ml. 
of HCl. Dilute to 150 to 200 ml., add 
5 g. of NH4CI and 3 drops of methyl red 
(0.1 per cent). Heat to boiling, add 
NH4OH (1:1) slowly, finally drop by 
drop until the solution is just alkaline 
to the indicator. Boil for 1 to 2 min. 
and filter through a 9-cm. rapid filter 
paper. Do not wash. Reserve the fil- 
trate. Transfer the paper and precipi- 
tate to the beaker in which the precipita- 
tion was made, add 50 ml. of HCl (1:4), 
and digest covered on the hot plate, 
shaking frequently until the precipitate 
is dissolved and the paper well macer- 
ated. Dilute, add methyl red, reprecipi- 
tate with NH4OH (1:1), boil, and filter, 
exactly as before. Add this second fil- 
trate to the first filtrate for the subse- 
quent determination of lime (Section 
25). Swab the beaker and rod, and 
wash the paper and precipitate with 
NH4CI (2 per cent). Dry, then ignite 
the paper and precipitate to constant 
weight in a tared platinum crucible of 
30-ml. capacity at 1000 to 1100 C. with 
access to air. Cool in a desiccator, and 
weigh as R2O3 which is mainly the iron 
and aluminum oxides. To recover the 
trace of Si02 which may have remained 
with the R2O3 group, add 2 drops of 
H2SO4 (1:4) and 1ml. of HF to the 


crucible and evaporate to dryness. 
Cover the crucible and ignite to constant 
weight at about 1100 C. Cool and 
weigh. The loss in weight represents 
additional Si02 which should be added 
to that determined in Section 20. 

Iron Oxide 

22. Transfer 1.00 g. of the moisture- 
free (105 to 110 C.) sample to a 30-ml. 
platinum crucible and moisten with a 
few drops of water. Add 3 ml. of HNO3, 
and about 15 ml. of HF. Evaporate at a 
moderate heat to dryness, taking care 
not to allow any loss by spattering. De- 
compose the nitrates and fluorides by 
ignition at about 1000 C. for 15 min. 
Now add to the residue in the crucible a 
small piece of K2S2O7 or Na2S207, and 
fuse. Dissolve the fusion in 25 mi. of 
HCl (1:1) and heat to boiling. Reduce 
the iron by adding SnCh solution drop 
by drop from a pipette wnth constant 
swirling of the beaker until the solution 
is colorless, then add 1 drop in excess. 
Cool quickly in running water, then add 
at one stroke 15 ml. of saturated HgCh 
solution. Allow to stand for 3 min., 
transfer with washing to a 1000-ml. 
beaker containing 300 ml. of cold dis- 
tilled water and 25 ml. of MnS04 solu- 
tion. Titrate with standard 0.01 N 
KMn04, added very slowly while stirring 
constantly, until a permanent pink end 
point is obtained. 

Titania 

23. Fuse the ignited R2O3 residue 
after recovery of Si02 (Section 21) with 
a very small piece of IC2S2O7 or Na2S207. 
Cool, and dissolve the fusion by the 
addition of about 25 ml. of warm water 
and 1 to 2 ml. of H2SO4 to the crucible. 
It is important at this pomt to keep the 
solution to a small volume. Transfer to 
a 50-ml. volumetric flask, add a few 
drops of H2O2, and dilute to the mark. 
Place the 50 ml. of solution in a small 
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Nessler tube. Compare the color of this 
solution with the color of a known stand- 
ard solution. A satisfactory solution is 
one of such strength that 1 ml. equals 
0.0001 g. of TiOs. To make the com- 
parison use any standard colorimeter, or 
place an appropriate amount of standard 
solution in a second Nessler tube and 
dilute with water from a burette until 
the color is matched. From the amount 
of water added, calculate the percentage 
of TiOs in the sample. 

Alumina 

24. Subtract the calculated weight of 
Fe203 (Section 22), the weight of Si02 
recovered (Section 21), and the calcu- 
lated weight of Ti02 (Section 23) from 
the weight of R2O3 (Section 21). The 
remainder is the weight of the AI2O3, 
plus small amounts of oxides of any other 
elements that were precipitated. 

Note. — These may include PjOs and ZrOz, 
but they are present in such small amounts as 
to be disregarded in the complete analysis of 
silica refractories. 

Lime 

25. Acidify the combined filtrate 
from the R20a precipitation with several 
milliliters of HCl (1 : 1) (Section 21) and 
evaporate to a volume of about 250 ml. 
Heat to incipient boilmg, add 25 ml. of 
a saturated (NH4)2C204, solution and 
NH4OH until slightly alkaline. Stir 
thoroughly and allow the precipitate to 
settle out, keeping the solution warm for 
3 to 4 hr. but not boiling. Filter and 
wash five times with cold water. Save 
the filtrate. Dissolved the washed oxa- 
late precipitate with 50 ml. of diluted 
HCl (1 ; 1), dilute to about 150 ml., and 
precipitate as before. Wash the beaker, 
precipitate, and paper with cold water 
until (NH4)2C204 is removed. Avoid 
excessive washing. Combine the fil- 
trates for the magnesia determination 
(Section 26). To the beaker used for 
the precipitation, add 150 ml. of a 


H2SO4 solution (5 per cent), then intro- 
duce the paper containing the precipi- 
tate. Heat to almost boiling and titrate 
with 0.1 W KMn04. A blank should 
be previously determined for the effect 
of the paper. 

Magnesia 

26. To the combined filtrates from 
the lime determination (Section 25), 
which have been reduced by evaporation 
to about 300 ml., add 2 to 3g. of 
(NH4)2HP04. Stir until dissolved and 
then add NH4OH slowly until alkaline, 
and then 30 ml. of NH4OH in excess. 
Allow the solution to stand for at least 
4 hr., and preferably overnight if the 
total amount of solution exceeds 400 ml. 
in volume. Filter, wash with diluted 
NH4OH (5 per cent). Dissolve from 
the paper with hot HCl (1:1) and 
reprecipitate by adding 0.1 g. of 
(NH4)2HP04, diluting, rendering ammo- 
niacal, and letting stand as before. 
After filtering and washing as before, 
char the paper and burn off the carbon 
below 900 C., and then ignite in an 
electric muffle furnace at about 1100 C. 
to constant weight. The ignited mate- 
rial consists of magnesium pyrophos- 
phate, Mg2P207. Calculate the weight 
of MgO by multiplying the Mg2P207 by 
0.3621. 

Alkalies 

27. Determine the alkalies by the 
procedure described in Section 16 (a) 
and (b) for the analysis of fireclay 
refractories. 

High-Alijmina Refractories 
ijncluies Bonded Refractories made from 
Dias pore, Fused Alumina, and the 
Sillimanite Minerals, as well as 
Electrocast.) 

Special Solutions Required 

28. (a) Potassium Nitrate (1 percent). 
-—Dissolve 1 g. in 100 ml. of water. 
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(b) MolyMate Reagent. — ^Mix 100 g, 
of pure molybdic anhydride or 118 g. 
of molybdic acid (85 per cent) with 
400 ml. of water, add 80 ml. of NH4OH, 
and filter when solution is complete. 
Prepare a second solution containing 
400 ml. of HNO3 and 600 ml. of water. 
Agitate the HNO3 solution by means 
of a current of air and add the molybdate 
solution very slowly. Continue agita- 
tion for 1 hr. Add a small crystal of 
(NH 4 ) 2 HP 04 , let stand over night, filter, 
and keep in a glass-stoppered bottle. 

(c) Standard Sodium Hydroxide Solu- 
tion .‘^°‘ — Dissolve 60 g. of NaOH in 100 ml. 
of distilled water in a ISO-ml. test tube 
of resistant glass. Stopper tightly with 
a cork covered with tin foil and let stand 
until the supernatant liquid is clear. 
By means of a pipette take out 5.0 ml. 
of the clear solution and dilute to 1 liter 
with freshly boiled water (Note). 

(d) Standard Nitric Acid Solution .'^”' — 
Dilute 5.0 ml. of PINO 3 (sp. gr. 1.42) to 
1 liter with freshly boiled water (Note). 

Note. — Adjust the NaOH and HNO3 solu- 
tions until they exactly agree, and standardize 
against National Bureau of Standards’ standard 
sample No. 78 of known phosphorous content. 

Moisture 

29. Weigh 1.00 g. of the sample and 
heat to constant weight at a temperature 
not under 105 nor over 110 C. Record 
the loss in weight as moisture. 

Loss on Ignition 

30. Weigh 1.000 g. of the moisture- 
free (105 to 110 C.) sample and heat to 
constant weight over a blast lamp, or in 
an electric mufiie furnace, at 900 to 
1000 C. Record the loss in weight as 
the ignition loss. 

Silica 

. 31. (c) Weigh 1.0000 g. of the mois- 
ture-free (105 to 110 C.) sample into a 
platinum crucible which is free from any 


iron stain. Add 0.40 g. of anhydrous 
borax (NaoBdOT) and 2.00 g. of NagCOs. 
Mix well and fuse first at a low red heat, 
gradually increasing to the full tempera- 
ture of a blast burner. Blast for 15 min. 
Dissolve the melt in diluted HCl (1:4) 
in an evaporating dish, add 2 to 3 ml. 
of diluted H 2 SO 4 (1:1) (Note 1), and 
evaporate to dryness. Wash down the 
sides of the dish with 25 ml. of methyl 
alcohol (Note 2) saturated with HCl gas. 
Evaporate, add methyl alcohol solution, 
and evaporate again. Bake to dehy- 
drate the Si02. Cool, add IS ml. of HCl 
and 50 ml. of water, boil 1 to 2 min., and 
filter on a No. 40 Whatman or similar 
filter paper. Wash four to five times 
with hot diluted HCl (1:4), then seven 
to eight times with hot water. Reserve 
the paper containing the Si 02 precipitate. 
Transfer the filtrate to the original dish 
and evaporate to dryness and bake. 
Add 15 ml. of HCl and 50 ml. of water, 
bring just to a boil, filter on a No. 42 
Whatman or similar filter paper, and 
wash as before. Reserve the filtrate. 

Note 1.— Diluted PI 2 SG 4 is used to prevent 
Ti 02 from hydrolyzing and precipitating with 
the SiOj. 

Note 2. — Methyl alcohol is used to eliminate 
traces of boron. 

Q}) Place the two filter papers con- 
taining the Si 02 precipitate in a platinum 
crucible, ignite carefully until the paper 
is burned off, then heat at 1100 to 
1200 C. for 10 to 15 mm. Cool, weigh, 
and repeat heating at 1100 to 1200 C. 
until constant weight is obtained. 
Moisten the ignited precipitate with 
water, add HF slowly until the crucible 
is half-full, then add 5 drops of H2SO4 
and evaporate to fumes. Cool, add 2 to 
3 ml. of HF and 2 drops of H2SO4, and 
evaporate to dryness. Heat the crucible 
to bright redness and blast at 1100 to 
1200 c. for 5 min. Cool, weigh, and 
repeat blasting until constant weight is 


282 


Chemical Analysis oe Refractories (C 18 - 41) 


obtained. The loss in weight represents 
the Si02 content except for the small 
amount which is later recovered from 
the alumina precipitate. 

Separation of AI2O3 and P2O5 from 
Fe 203 , Ti02, CaO, and MgO 

32. Fuse the residue from the HF 
evaporation (Section 31 (6)) with a 
little K 2 S 2 O 7 or Na 2 S 207 , dissolve the 
melt in diluted HCl (1 *.4) and add to the 
filtrate from the Si 02 precipitate which 
was reserved. Reduce the volume to 
about 75 ml. and nearly neutralize with 
NaOH (10 per cent). Slowly and while 
swirling constantly pour into a 2S0-ml. . 
volumetric flask containing 100 ml. of 
NaOH (10 per cent) to which has been 
added 1 g. each of Na 2 C 03 and Na 202 
(Notes 1 and 2). Warm on a water bath 
for 1 hr. and cool to room temperature. 
Dilute with water to the mark, mix well, 
and let stand a few minutes. Filter off 
the precipitate on a filter paper which 
has been previously washed with NaOH 
(10 per cent) and dried, catching the 
filtrate in a dry beaker. Do not wash 
the precipitate. From the filtrate take 
a 100-ml. aliquot for the determination 
of AI2O3 (Section 36) and another 100- 
ml. aliquot for the determination of 
P2O5 (Section 35). 

Note 1. — The Na 2 C 03 is used to precipitate 
calcium and magnesium along with iron and 
titanium. 

Note 2. — The NanOj is used to oxidize any 
chromium present so that it may later be sepa- 
rated from the AhOj. 

Iron Oxide 

33. Dissolve the precipitate on the 
filter paper and that adhering to the flask 
with hot diluted HCl (1:4). Adjust the 
volume to about 100 ml, add 5g. of 
NH4CI, and heat to boiling. Add 
NH4OH while stirring slowly until there 
is a slight excess. Again heat to boiling, 
filter hot, and wash five times with hot 
NH4CI (2 per cent). Place the paper 


containing the precipitate in the original 
beaker, add 15 ml. of HCl, stir to mace- 
rate the paper, dilute with hot water to 
100-ml. volume, and precipitate with 
NH4OH. Filter, and wash as before. 
Combine the two filtrates and reserve 
for the determination of CaO and MgO. 
Dissolve the precipitate in hot diluted 
HCl (1:4), and cool. Pour into a 100- 
ml. volumetric flask, dilute with water 
to the mark, and mix. Draw off exactly 

5.0 ml. of the solution and reserve for the 
determination of Ti02 (Section 34). 
Pour the remaining solution into a 250- 
ml. beaker and evaporate to dryness. 
Add 25 ml. of HCl (1:1), and heat to 
boiling. From this point proceed in 
accordance with the procedure described 
in Section 22 for the determination of 
Fe 203 in the analysis of silica refractories. 

Titania 

34. Add to the 5.0-ml. portion pre- 
viously reserved (Section 33) 10 ml. of 
H2SO4 (1:1) and evaporate to fumes. 
Dilute with 10 to 20 ml. of water, and 
cool. Pour into a 100-ml. volumetric 
flask, add a few drops of H 2 O 2 (30 per 
cent), dilute to the mark, and mix. To 
a 100-ml. volumetric flask, add exactly 

20.0 ml. of the standard Ti 02 solution 
and 10 ml. of H2SO4 (1:1). Add a few 
drops of H 2 O 2 (30 per cent), dilute to the 
mark, and mix. Compare the colors 
either in Nessler tubes or in a suitable 
colorimeter. 

Phosphorous Oxide 

35. Acidify with HNO3 the 100-ml. 
aliquot previously reserved (Section 32). 
Dilute to 200-ml. volume and pre- 
cipitate the AI2O3 and P2O5 by adding 
a slight excess of NH4OH solution. 
Filter, wash a few times with hot water, 
and dissolve the precipitate in 100 ml. of 
diluted HNO3 (1:9). Transfer to a 
300-ml. Erlenmeyer flask, heat to boiling 
and add a saturated solution of K,Mn 04 
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until a pink color persists. Decolorize 
with a few drops of sulfurous acid, add 
15 ml. of HNO3, cool, adjust the volume 
to about 125 ml., and add 20 ml. of 
NH4OH and 40 ml. of molybdate re- 
agent. Shake for 10 min., let stand for 
30 to 40 min., and filter. Wash the 
flask, paper, and precipitate at least 
ten times with KNO3 solution (1 per 
cent). Return the paper and precipi- 
tate to the flask. Add an excess of 
standard NaOH solution and 25 ml. of 
water (both free from CO2). Shake 
until the precipitate is dissolved and 
dilute to a 100-ml. volume. Add 2 to 3 
drops of phenolphthalein (0.2 per cent), 
then titrate with standard HNO3 to the 
disappearance of the pink color. Sub- 
tract from the original NaOH added the 
volume equivalent to the HNO3 required 
to discharge the color. The difference 
gives the milliliters of NaOH equivalent 
to the P 2 O 6 present. Calculate the per- 
centage of P2O5. 

Alumina®" 

36. (a) Dilute the 100-ml. aliquot, 
previously reserved (Section 32), to a 
250-ml. volume, make acid with HCl 
( 1 : 1 ), and add 5 g. of NH 4 CI. Heat to 
boiling, add NH 4 OHL very slowly, while 
stirring constantly, until there is a slight 
excess as shown by methyl red. Boil 1 
to 2 min., filter hot, and wash five to six 
times with hot NH 4 CI (2 per cent). 
Place the paper containing the precipi- 
tate in the original beaker, add 15 ml. 
of HCl, and, with the aid of a glass 
stirring rod, macerate the paper. Add 
boiling water to make up to a volume 
of about 250 ml. Repeat the precipita- 
tion with NH 4 OH and filter as before. 
Wash thoroughly with hot NH 4 CI (2 per 
cent), using at least 250 ml. of wash 
solution. 

( 6 ) Place the paper containing the 
precipitate in a platinum crucible which 
has been previously weighed with its 


cover. Carefully burn off the paper, 
blast at not less than 1200 C. for 10 min., 
cool, and weigh. Repeat blasting and 
weighing until constant weight is ob- 
tained. The increase in weight is the 
AI2O3 and P2O5 plus a little Si 02 which 
has escaped precipitation. To obtain 
the percentage of AI2O3, subtract the 
P2O5 (Section 35) and Si 02 (Section 
36 (c)). 

(c) To determine the Si 02 , fuse the 
precipitate with about 5 g. of K 2 S 2 O 7 
or Na 2 S 207 . Dissolve the melt in warm 
water, add about 30 ml. of diluted H 2 SO 4 
(1:1) solution. Evaporate to copious 
fumes of H2SO4 and cool. Take up with 
water, filter, wash, ignite in a platinum 
crucible, and weigh. Treat the residue 
with 5 ml. of HF and 2 to 3 drops of 
H2SO4, evaporate to dryness, ignite, and 
weigh. The loss in weight is Si 02 . Add 
to the original silica determination. 

Lime 

37. Determine CaO in the filtrate 
from the Fe 203 precipitate according to 
the method described for the determina- 
tion of lime under analysis of fireclay 
refractories (Section 14). 

Magnesia 

38. Determine MgO by the method 
described for the determination of mag- 
nesia under analysis of fireclay refrac- 
tories (Section 15). 

Alkalies 

39. Proceed as in the determination 
of alkalies under the analysis of fireclay 
refractories (Section 16) but with the fol- 
lowing precautions: 

(а) Fuse the sample at 1200 C. to 
obtain complete decomposition of the 
material. 

( б ) Cool the top of the crucible to 
prevent any loss of alkalies by volatiliza- 
tion. Cooling can be accomplished more 
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easily if a platinum crucible of the J. 
Lawrence Smith, long type is used. 

Magnesite Refractories 
Special Solutions Required 

40. The following solutions w'-ill be 
required: 

(a) Hydrochloric Acid (2.5 per cent 
ly volume). 

(b) Potassium Permanganate (Ap- 
proximately 0.5 N). — Dissolve 16 g. of 
KMn 04 in 1000 ml. of water. 

(c) Amnionnm Chloride - Hydro- 
chloric Acid Solution. — Dissolve 50 g. 
of NH 4 CI in water, add 50 ml. of HCl 
(sp. gr. 1.19), and dilute to 1000 ml. 

Preparation of Samples for Analysis 

41. A 10-lb. sample carefully obtained 
after. the manner of one of the approved 
methods of sampling shall be crushed to 
pass a No. 8 (2380-micron) sieve,® mixed 
thoroughly, and reduced by quartering 
to about 0.5 lb. This shall be crushed 
to pass a No. 20 (840-micron) sieve,® 
mixed, and quartered to about 50 g. 
This 50-g. sample shall then be ground 
in an agate mortar so that it will all pass 
a No. 100 (149-micron) sieve,® mixed 
thoroughly, and placed in an airtight 
container until analyzed, since finely 
ground, dead-burned magnesite gradu- 
ally absorbs and fixes moisture and car- 
bon dioxide. 

Moisture 

42. Weigh 1.00 g. of the sample and 
heat to constant weight at a temperature 
not under 105 nor over 110 C. Record 
the loss in w'eight as moisture. 

Loss on Ignition 

43. Weigh 1.000 g. of the moisture- 
free (105 to 110 C.) sample and heat to 
constant weight over a blast lamp, or in 


an electric muffle furnace, at 900 to 
1000 C. Record the loss in weight as 
the ignition loss. 

Silica 

44. Transfer 1.0000 g. of the moisture- 
free (105 to 110 C.) sample to a 210-ml. 
casserole. Moisten the solids with a few 
milliliters of water, slowly add 20 ml. of 
HCl, and cover the casserole. While 
covered, digest on the hot plate until 
solution is complete and all gritty parti- 
cles have disappeared, breaking up any 
solid cake from time to time with a 
stirring rod. Uncover, add 8 ml, of 
perchloric acid, HC 104 ‘ (60 to 70 per 
cent), and evaporate to heavy white 
fumes of HCIO 4 . Cover and boil so 
that the acid refluxes for 10 to IS min. 
Remove from the hot plate, cool, wet 
with a few milliliters of water and 5 ml. 
of HCl, warm for a few minutes on the 
hot plate, add 50 ml. of hot water, heat 
to . approximately boiling, and filter 
through a 9-cm. rapid filter. Wash the 
paper and precipitate ten times with a 
hot HCl solution (2.5 per cent), then 
three times with hot water. Return the 
filtrate to the casserole in which the first 
evaporation was made, add 2 ml, of 
HCIO 4 , and evaporate to fumes on the 
hot plate, boiling as before. Cool, take 
up in acid and water, filter, and wash 
as before. Reserve the filtrate. Place 
both papers and precipitates in a tared 
platinum crucible. Dry, then burn off 
the papers and ignite to constant weight 
in the muffle or over a moderate blast. 
Cool in a desiccator and weigh as im- 
pure Si02. Add two drops of diluted 
H 2 SO 4 (1:1) and 1ml of HF to the 
impure Si02 in the crucible. Digest for 
5 to 10 min., covered, on the hot plate, 
then remove the cover and evaporate to 
dr 3 mess. Fume off the H 2 SO 4 over a 
moderate heat, and ignite or blast for a 
few minutes. Cool in a desiccator, and 
weigh again. Subtract the weight of the 
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crucible and residue from the weight of 
the crucible and impure Si02; the 
difference is the corrected Si02. Fuse 
the residue in the crucible by heating 
gently with a small piece of K2S2O7 or 
Na2S207 about the size of a pea, cool, 
dissolve in v/ater, and add to the reserved 
filtrate from the silica determination. 

Iron and Aluminum Oxides 

45. Add to the filtrate from the silica 
determination (Section 44), which should 
be in a 400-ml. beaker, 5 g. of NH4CI. 
Dilute from 150 to 200 ml., add three 
drops of methyl red (0.1 per cent), heat 
to boiling. Add NH4OH (1:1) slowly, 
finally drop by drop until the solution is 
just alkaline to the indicator. Boil for 
1 or 2 min. and filter through a 9-cm. 
rapid filter. Do not wash. Reserve 
the filtrate. Transfer the paper and 
precipitate to the beaker in which the 
precipitation was made, add 50 ml. of 
HCl (1:4), and digest covered on the 
hot plate, shaking frequently until the 
precipitate is dissolved and the paper 
well macerated. Dilute, add methyl 
red, reprecipitate with NH4OH (1:1), 
boil, and filter, exactly as before. Add 
this second filtrate to the first filtrate 
for the subsequent determination of lime 
(Section 48 (a)). Swab the beaker and 
rod and wash the paper and precipitate 
with NH4CI solution (2 per cent). Dry, 
then ignite the paper and precipitate in a 
tared platinum crucible at 1000 to 
1100 C. for 1 hr. with access of air. Cool 
in a desiccator, and weigh as R2O3 which 
is mainly the Fe203 and AI2O3. 

Iron Oxides 

46. Weigh 2.00 g. of the moisture-free 
(105 to HOC.) sample into a 150-ml. 
beaker, and cover. Dissolve by slowly 
adding HCl, keeping the beaker on the 
hot plate. Finally, add about 5 ml. of 
HCl in excess. Heat to gentle boiling 
until the siliceous residue undissolved ap- 


pears iron-free. Filter, and fuse the 
residue with a very little K2S2O7 or 
Na2S207 in a porcelain or vitreous silica 
crucible to avoid introducing platinum. 
Dissolve the fused material and add to 
the filtrate. Add a few drops of a strong 
solution of KMn04 (about 0.5 N) to oxi- 
dize any organic matter that may be 
present. Boil. When the excess of 
KMn04 is decomposed and chlorine 
fumes have disappeared, reduce the iron 
by adding SnCb solution drop by drop 
from a pipette w^hile swirling the beaker 
constantly until the solution is colorless, 
then add 1 drop in excess. Cool quickly 
in running -water, then add at one stroke 
15 ml. of saturated HgCb solution. 
Allow to stand for 3 min., transfer with 
washing to a 600-ml. beaker containing 
300 ml. of cold distilled water and 25 ml. 
of MnS04 solution. Titrate with stand- 
ard 0.1 iV KMn04 solution, added very 
slowly while stirring constantly until a 
permanent pink end point is obtained. 

Alumina 

47. Subtract the calculated weight of 
iron oxide (Section 46) from the weight 
of R2O3 (Section 45). The remainder 
is the w’-eight of the AI2O3 plus small 
amounts of oxides of any other elements 
that were precipitated (Note). 

Note. — These may include PaOs, TiOa and 
small amounts of SiOa, but they are present 
in such small amounts as to be disregarded in 
the complete analysis of magnesite refractories. 

Lime 

48. (a) Method A : When MgO is to be 
Determined Directly — kciAiiy with sev- 
eral milliliters of HCl (50 per cent) the 
combined filtrate from the R2O3 precipi- 
tation (Section 45) and evaporate to a 
volume of about 250 ml. Heat to in- 
cipient boiling, add 25 ml. of a saturated 
(NH4)2C204 solution (about 4 per cent) 
and NH4OH until slightly alkaline. 
Stir thoroughly and allow the precipitate 
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to settle out, keeping tlie solution warm 
for 3 to 4 hr. but not boiling. Filter and 
wash five times with cold m^ater. Save 
the filtrate. Dissolve the washed oxa- 
late precipitate with 50 ml. of diluted 
HCl (1:1), dilute to 250 ml. and precipi- 
tate as before. Wash the beaker, pre- 
cipitate, and paper with cold water until 
(NH 4 ) 2 C 204 is removed. Avoid exces- 
sive washing. Combine the filtrates for 
the determination of MgO (Section 49). 
To the beaker used for the precipitation, 
add 150 ml. of H 2 SO 4 (5 per cent), then 
introduce the paper containing the 
precipitate. Heat to almost boiling and 
titrate with 0.1 N RMn 04 . A blank 
should be previously deterinined for the 
effect of the paper. 

A small part of the CaO occasionally 
e.scapes the oxalate precipitation and 
comes down subsequently with the MgO. 
To the CaO precipitated by the oxalate 
should accordingly be added that found 
in the MgO. 

(b) Method B: When MgO is to be 
Determined by Difference .^ — Weigh 2.50 g. 
of the moisture-free (105 to HOC.) 
sample into a 250-ml. beaker, add 10 
ml. of water, cover, slowly add HCl until 
dissolved, stirring frequently and avoid- 
ing excessive boiling. Then add about 
5 ml. of HCl in excess. Evaporate on 
a hot plate until very thick and syrupy. 
At this stage crusts will be forming on 
the surface and a drop of material placed 
on the wall of the beaker will imme- 
diately solidify. Remove the beaker 
from the hot plate and allow to par- 
tially cool. Add 5 ml. of H 2 SO 4 (10 
per cent). Cover with a watch glass, 
heat on a hot plate until aU soluble 
matter is dissolved. Cool slightly, but 
not until solids separate. Add 50 ml. 
of alcohol, stir thoroughly, and heat just 


» In this; specific procedure very much less lime escapes 
precipitation and thus the magnesia ‘‘by difference” is 
not subject to this plus error. The procedure further has 
the advantage that an individual lime determination may 
be made without separating the other usual constituents. 


to boiling on a hot plate. Filter with 
suction through a Gooch crucible pre- 
pared with a moderately thin asbestos 
mat. If the Si 02 is less than 3.5 per 
cent, filter through paper. Rinse the 
beaker twice with alcohol, pouring the 
washings through the crucible. Drain 
under suction. Remove the crucible, 
scrape out the mat with a glass rod into 
the beaker in which the precipitation of 
sulfate was made, wash the crucible 
clean with a hot NFI 4 CI - HCl solution, 
using about 35 ml. If the Si 02 is high 
(over 6 per cent) it is advisable to filter 
it off at this point before precipitating 
the lime. Dilute to about 150 ml. with 
hot water, make alkaline with NH 4 OH, 
heat to boiling, and precipitate the cal- 
cium by slowly adding 15 ml. of a satu- 
rated solution of (NH 4 ) 2 C 204 . Digest 
on the hot plate just below boiling for 
30 min. Filter on a 9-cm. paper, wash 
with cold water until free from oxalate, 
testing final washing with a drop of 
KMn 04 after acidification. Transfer 
the paper and precipitate to the original 
beaker, dissolve with 150 ml. of H 2 SO 4 
(5 per cent), and titrate as in Method A 
(Paragraph (a)). Correct for a blank 
on the filter paper. 

Magnesia®’*' 

49. (a) Acidify with several milli- 
liters of HCl (50 per cent) the combined 
filtrates reserved during the determina- 
tion of CaO (Section 48 (a)). Dilute to 
500 ml. in a calibrated flask and take a 
50 ml. (tV) aliquot portion. Since a 1-g. 
sample was originally used, this will yield 
aliquot portions containing between 
0.08 to 0.09 g. of MgO. Dilute to 
250 ml. and add 2 to 3 g. of diammonium 
phosphate ((NH 4 ) 2 HP 04 ), stir until dis- 
solved. Add NH 4 OH slowly until alka- 
line and then 30 ml. of NH 4 OH in excess. 
Allow the solution to stand for at least 
4 hr., preferably overnight if the total 
amount of solution exceeds 400 ml. in 
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volume. Filter, wash with diluted 
NH4OH (5 per cent). Dissolve from 
the paper with hot HCl (1:1) and 
reprecipitate by adding 0.1 g. of 
(NH4)2HP04, diluting, rendering ainmo- 
niacal, and letting stand as before. 
After filtering and washing as before, 
char the paper and burn off the carbon 
below 900 C., then ignite to constant 
weight in an electric muffle furnace at 
about 1100 C. The ignited material 
consists of magnesium pyrophosphate, 
MgaPaOy, as well as some of the CaO and 
MnO. Correction may be made for 
these as follows: 

(b) Dissolve the ignited pyrophos- 
phate in a little diluted H2SO4 and add 
enough absolute alcohol to make up 90 
to 95 per cent of the final volume. Any 
calcium present will settle out as CaS04. 
Filter, wash with alcohol, and dissolve 
the precipitate in hot diluted HCl. 
Precipitate with oxalate and titrate with 
permanganate. Add this CaO to that 
previously found. Calculate the CaO 
to tricalcium phosphate, Ca3(P04)2, by 
multiplying by the factor 1.845 and de- 
duct this amount from the weight of the 
Mg2P207. The correction to the first 
calcium precipitate is ten times the 
weight of the CaO precipitated as sulfate. 

(c) The manganese which contami- 
nates the Mg2P207 is determined in the 
alcoholic filtrate from the CaS04. 
Evaporate this filtrate until strong 
fumes are evolved and all organic matter 
destroyed. Cool, dissolve the residue 
in 25 ml. of HNO3 (30 per cent) and 
determine the manganese by the bis- 
muthate method, as described in Section 
50, omitting the Na2C03 fusion. Cal- 
culate any manganese found to Mn2P207 
by multiplying by the factor 2.585 and 
deduct this weight from the Mg2P207. 

Manganese as MnO 

50. Mix intimately 1.0 to 5.0 g. of the 
moisture-free (105 to HOC.) sample 


(depending upon the amount of manga- 
nese expected) with 0.5 to 2.5 g. of an- 
hydrous Na^COs and ignite in a platinum 
crucible for 15 min. at about lOOO C. 
Dissolve the sintered melt in 50 ml. of 
HNO3 (30 per cent), and if there is any 
evidence of brown hydrated Mn02 add 
sulfurous acid drop by drop. Boil the 
solution, filter if necessary, cool to room 
temperature or lower, and add 2 to 3 g. 
of sodium bismuthate. Agitate the solu- 
tion for 1 min. and filter through as- 
bestos (Note). Wash with HNO3 (3 
per cent) until the residue is free from 
permanganic acid, as determined by the 
absence of the pink color in the wash- 
ings. Titrate, at once, the permanganic 
acid formed, with standard sodium 
arsenite (1 ml. = 0.0002 g. of Mn). 
The end point is the disappearance of 
the pink color. The factor for convert- 
ing Mn to MnO is 1.291. 

Note. — A good grade of asbestos, acid 
washed, and specially prepared for Gooch 
crucibles, should be used. 

Chrome Ore and Chrome 
Refractories 

{Including Chrome-Magnesik Refractories) 

Note. — This method is not intended to cover 
electrically fused aluminous refractories con- 
taining clirome ore. 

Reagents 

51. (a) Ammonium Hydroxide {2.5 per 
cent by volume). 

(b) Ammonium Hydroxide {10 per 
cent by volume). 

(c) Ammonium Hydroxide {25 per 
cent by volume). 

(d) Hydrochloric Acid (5 per cent by 
volume), 

(e) Hydrochloric Acid {10 per cent by 
volume). 

if) Phosphoric Acid, HsPO^ (sp. gr. 

1.71). 

(g) Ammonium Chloride Solution {1 
per cent). — ^Dissolve 1 g. of NH4GI in 
100 ml. of water. 
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(/i) Anmonmm Persulfate Solution . — 
Dissolve 25 g. of (NH4)2S208 in 80 ml. 
of water. 

(i) Standard Ferrous Ammonium Sul- 
ate Solution (0.2 A).— Dissolve 78.4 g. 
of Fe(NH4)2(S04)2 -61-120 in 1 liter of 
water (Note). Standardize against 0.2 N 
KMn04. This standardization must 
be made each day the solution is used, 
as it gradually weakens due to oxidation. 

Note. — C.P. ferrous ammonium sulfate 
crystals may be used instead of tire standard 
solution. 

(j) Standard Potassium Permanganate 
(0.2 A).— Dissolve 6.5 g. of KMn04 in 
1 liter of water. Standardize against 
the National Bureau of Standards’ 
standard sample 40c of sodium oxalate. 

(k) Potassium Permanganate Solution 
(2.5 per cent ). — Dissolve 2.5 g. of KMn04 
in 100 ml. of water. 

(0 Silver Nitrate Solution (0.5 per 
cent ). — Dissolve 0.5 g. of AgNO.^ in 
100 ml of water. 

(m) Sodium Chloride Solution (10 per 
cewf)— Dissolve 10 g. of NaCl in 100 ml. 
of water. 

(n) Ortho- Phenanthroline Indicator 
(Ferroin). 

Preparation of Samples for Analysis 

52. The 50-g. sample referred to in 
Section 3 shall be ground so that it 
will all pass a No. 200 (74-microii) 
sieve.® 

Moisture 

53. Weigh 1.00 g. of the sample and 
heat to constant weight at a tempera- 
ture not under 105 nor over 110 C. 
Record the loss in weight as moisture. 

Loss on Ignition 

54. Weigh 1.000 g. of the moisture- 
free (105 to HOC.) sample and heat 


to constant weight over a blast lamp, 
or in an electric muffle furnace, at 900 
to 1000 C. Record the loss in weight 
as the ignition loss. 

Chromium Oxide 

55. (a) Transfer 0.5000 g. of the mois- 
ture-free (105 to HOC.) sample to a 
30-ml. pure iron crucible (Note 1). Mix 
with about 8 g. of dry Na202, cover 
with an iron lid, and heat over a very low 
flame (Note 2). After the charge is 
melted, increase the temperature slowly 
to a medium red (650 to 750 C.), and 
continue heating for 3 to 5 min. Do 
not continue heating longer than this, 
because attack of the flux is quite rapid 
at red heat or above. After removing 
the crucible from the heat, rotate to 
spread the contents over the crucible 
walls, and cool. Place crucible and lid 
in a covered 600-ml. beaker, and add 
250 ml. of cold water. After reaction 
has stopped and the melt is completely 
dissolved, remove the crucible and lid, 
and wash them thoroughly (Note 3). 

Note 1. — Ordinary iron crucibles, which 
may contain significant amounts of chromium, 
should be avoided. Crucibles made of ingot 
iron are satisfactory. 

Note 2. — If about 0.2 g. of very finely pul- 
verized sugar charcoal is mixed with the NauOs, 
only about S g. of the peroxide is required. Not 
more than 0.2 g. of sugar charcoal is recom- 
mended in order to avoid the possibility of explo- 
sion. After heating for about 30 sec., ignition 
of the sugar charcoal takes place, and the crucible 
win suddenly become a dull red on the outside. 
The total time required to complete the fusion 
is about 2 min. By thus shortening the time 
for fusion and contact with the flux, the life of 
the crucible is extended. 

Note 3. — If sugar charcoal is used, it is 
advisable to add 1 to 2 g. of Na 202 at this point. 

(h) Boil for 10 min., or digest at 80 
to 90 C. for 30 to 40 min., stirring 
occasionally to decompose the excess 
Na202. Cool, and add 60 ml. of H2SO4 
(1:1) and 5 ml. of HNO3. Boil until 
the iron scale from the crucible is dis- 
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solved. Add 20 to 25 ml. of AgNOs 
(0.5 per cent), 1 to 2 drops of KMn 04 
(2.5 per cent), and 10 to 15 ml. of 
(NH4)2S208 solution. Boil for 5 min. 
Add 20 mi. of NaCl (10 per cent) and 
boil for 5 to 10 min. after the per- 
manganate or MnOa has completely 
disappeared. Cool to room tempera- 
ture, and add 3 ml. of H 3 PO 4 . 

(c) Now add a measured excess of 
ferrous ammonium sulfate, either as c.p. 
crystals or as a standard solution. If 
the crystals are used, add exactly 5 g. 
and stir until completely dissolved. If 
a solution is used, add from a burette 
the standard 0.2 N solution with 5 ml. 
in excess. The chromium will thus be 
reduced to the trivalent siate and will 
change the color of the solution from 
amber to a bright green. Add two drops 
of ortho-phenanthroline (Ferroin) as an 
indicator. (The solution will become 
turbid and pink in color.) Titrate the 
ferrous ammonium sulfate, in excess of 
that required to reduce the chromium, 
with 0.2 N KMn 04 . The end point is 
reached when one drop of the standard 
K.Mn 04 solution causes the turbidity 
to disappear and the solution to become 
clear green in color. Designate the first 
titration in either case as Ti. If ferrous 
ammonium sulfate crystals were used 
for reduction, titrate 5 g. of the crystals 
dissolved in H2SO4 (5 per cent) with 
the 0.2 N KMn 04 solution. Designate 
the second titration as T 2 . If the 
standard ferrous ammonium sulfate so- 
lution was used, r 2 is the milliliters of 
0.2 N KMn 04 equivalent to the total 
volume of 0.2 N ferrous ammonium 
sulfate originally added, including the 
5 ml. excess. In either case, T 2 — Tt 
then equals the milliliters of 0.2 N 
KMn 04 equivalent to the weight of 
ferrous ammonium sulfate required to 
reduce the chromium in the sample. 
Calculate the percentage of chromium 
oxide, as follows: 


Cr 203 , per cent = 

(To - Ti)XN of KMn 04 X 0.02534 ,, 
iT 

where: 

0.02534 = Cr 203 equivalent of the 
KMn 04 , and 

W ~ weight of the sample in 
grams. 

Titania and Ferrous Oxide 

56. (a) Transfer 0.5000 g, of the mois- 
ture-free (105 to 110 C.) sample to a 30- 
ml. nickel crucible. ]\Iix with 2 to 3 g. 
(Note) of dry Na202, cover with lid, 
and fuse as described in Section 55. 

Note.— The use of only 2 to 3 g. of NaaOa 
reduces the amount of nickel dissolved which 
might interfere with the subsequent colorimetric 
determination of TiOj. The small amount of 
nickel actually dissolved is entirely removed by 
the double NH 4 OH precipitation. 

(b) Take up the fusion in about 
250 ml. of cold water. After reaction 
has stopped and the soluble constituents 
of the melt have completely dissolved, 
remove the crucible and cover and wash 
thoroughly. Boil for 5 min. Filter 
the iron and titanium oxides, and wash 
10 times with hot water. Dissolve the 
precipitate from the paper with diluted 
HCl (1:1), and precipitate with NH4OH 
in excess. Filter, and wash thoroughly 
with hot water. Again dissolve with 
HCl (1:1) and reprecipitate with excess 
NH4OH, filter, and wash. Finally, dis- 
solve the precipitate with hot diluted 
H2SO4 (10 per cent), cool, add several 
drops of H 2 O 2 , and dilute to 250 ml. 

Titania 

Note. — This determination is optional, since 
it is made only infrequently. 

57. Take a lOO-ml. aliquot portion 
from the 250-ini. acid solution (Section 
56) and determine the Ti02 colorimetri- 
cally-by placing the solution in a 100-ml. 
Nessler tube (Note) and comparing 
it with the color of an appropriate 
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amount of the standard Ti 02 solution 
in another Nessler tube. Both the 
solution of the sample and the reference 
standard solution shall be cooled to 
room temperature before making the 
comparison. Dilute the reference stand- 
ard with a measured amount of water 
from a burette until the color is matched. 
From the amount of water added, calcu- 
late the percentage of Ti 02 in the sample. 

Note. — If preferred, any standard colorim- 
eter may be used instead of the Nessler tubes. 

Ferrous Oxide 

58. (a) Use the remaining 150-ml. por- 
tion of the acid solution (Section 56), 
but boil off the H 2 O 2 ; or, if Ti 02 is not 
to be determined, use the entire 250-ml. 
of solution (without adding H 2 O 2 ). 

Note. — It is equally satisfactory to add the 
100-ml. aliquot portion used for the TiOa deter- 
mination in Section 57 to the remainmg 150 ml. 
ill order to obtain the advantage in accuracy 
of using the entire 0.5-g. original sample. 

(6) Evaporate to 100 ml. or less, add 
25 ml. of diluted HCi (1:1), and heat to 
boiling. Reduce the iron by adding 
SnCh solution drop by drop from a 
pipette, while swirling the beaker con- 
stantly, until the solution is colorless. 
Then add one drop in excess. Cool 
quickly in running water, then add at 
one stroke 15 ml. of saturated HgCb 
solution. Allow to stand for 3 min.; 
then transfer with washing to a 600-ml. 
or 1000-ml. beaker containing 300 ml. 
of cold distilled water and 25 ml. of 
the MnSO.i solution. Titrate with 
standard 0.04 N KMn 04 solution, added 
very slowly while stirring constantly, 
until a permanent pink end point is 
obtained. A blank should also be 
determined. Calculate the iron to. FeO. 

Silica 

59. Fuse 0.5000 g. of the dried (105 
to 110 C.) sample in approximately 
10 g. of fused K 2 S 2 O 7 or Na 2 S 207 in a 


vitreous silica or porcelain crucible. 
The usual precautions of a pyrosulfale 
fusion should be observed; that is, the 
flame should be turned very low at the 
start so that the pyrosulfate just melts, 
then the flame increased so that the 
pyrosulfate remains in a liquid condition, 
and finall}'- the temperature gradually 
raised until the crucible reaches a dull 
red heat. The object of the slow heating 
is to retain the H 2 SO 4 , which is the 
effective part of the flux. Excessive 
fuming is to be avoided because it may 
result in ^^crawling” of the melt up the 
sides of the crucible, producing the diffi- 
cultly soluble anhydrous Cr 2 (S 04 ) 3 . The 
most refractory materials should be 
thoroughly fused in 1 to If hr. Remove 
the crucible from the burner, and allow 
to cool in the air. The pyrosulfate 
melt will shrink from the crucible, and 
the main mass may be removed easily 
in one cake. Dissolve the cake and the 
small portion retained on the crucible 
walls in 200 ml. of hot diluted HCI (1:1), 
boiling until the solution acquires a 
clear, bright green color. Evaporate to 
dr 3 mess, and bake at not over 120 C. 
until free from fumes of HCI, which 
will require about 1 hr. Moisten with 
hot diluted HCI (1:1), then add about 
25 ml. more acid, warm until all salts 
are in solution, and filter off the Si 02 . 
Evaporate the filtrate to dryness, bake, 
and filter again. Wash the Si02 thor- 
oughly with diluted HCI (5 per cent). 
Ignite in a tared platinum crucible to 
constant weight in an electric muffle 
furnace or over a moderate blast, and 
weigh. Add two drops of diluted H 2 SO 4 
(1:1) and about 10 ml. of HE to the 
crucible. Evaporate, ignite, and weigh 
as before. The difference represents the 
amount of SiOa present in the sample. 
Should there be any appreciable residue 
left in the crucible, fuse with a small 
amount of pyrosulfate and add to the 
fitltrate from the Si 02 . 
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Note. — Decomposition by means of per- 
chloric acid is permissible where it has been 
found that the particular chrome ore or burned 
refractory is amenable to such treatment. 
High-alumina ores and hard burned refractories 
are generally difficult to get completely into 
solution with perchloric acid.® 

Alumina 

60. (a) Method A: R^O-i Precipilaied 
with NHiOH. — Combine the filtrates 
from the silica determination (Section 
59) and dilute to exactly 500 ml. 
in a graduated flask. Take a 300- 
ml. aliquot portion and add 15 g. of 
NH.1CI and 3 drops of methyl red solu- 
tion (0.1 per cent). Heat the solution 
almost to boiling, and add slowly NH4OH 
(1:1) until the indicator has changed 
to a yellow color. Boil for 1 or 2 min. 
to remove excess ammonia, and allow 
the precipitate to settle. Filter through 
an il-cm. rapid filter paper. Do not 
wash. ‘Reserve the filtrate A for the 
determination of CaO and MgO (Sec- 
tion 61). Transfer the paper and pre- 
cipitate to the beaker in which the pre- 
cipitation was made, add 50 ml. of HCl 
(20 per cent) , and digest covered on the 
hot plate, shaking frequently until the 
precipitate is dissolved and the paper 
well macerated. Dilute, add methyl 
red, reprecipitate with NH4OH (1:1), 
boil, and filter, exactly as before. Add 
this second filtrate B to the first filtrate 
for the subsequent determination of 
CaO and MgO (Section 61). Swab 
the beaker and rod, and wash the paper 
and precipitate with hot NH4CI (2 
per cent). Place the paper and pre- 
cipitate in a tared platinum crucible and 
dry. Carefully burn off the paper, 
and then blast at 1200 C. to constant 
weight (30 min. is generally sufficient). 
Cool in a desiccator, and weigh with the 


For a description of a procedure using perchloric 
acid, see T. R. Cunninr ham and T. R. McNeil, “Analysis 
of Chrome Ores,” I and Ensr. Chmtslry, Anal. 

Ed., Vol.l, p. 70(UU9). 


crucible covered by the lid. The ig- 
nited precipitate consists of Fe203, 
AI2O3, Cr203, and Ti02. To obtain the 
percentage of AI2O3, subtract from the 
weight of ignited precipitate the FeO 
(Section 58) calculated to Fe20.3, plus 
the TiOo (Section 57) and the Ci'aOs 
(Section 55). 

(]}) Method B {Optional): R%Oz Pre^ 
cipitaied with Urea. — Dilute the entire 
combined filtrates from the silica 
determination (Section 59) to about 
400 ml., preferably in a 600-ml. 
beaker. Add 15 g. of NH4CI, then add 
NH4OH .slowly until a slight permanent 
cloudiness appears. Clear the solution 
by adding diluted HCl (1:1) drop by 
drop and then 2 to 3 drops in excess. 
Now add 6 g. of urea (Note), Bring 
to a boil and continue boiling gently 
on the back of a hot plate for 2 hr. 
after the first opalescence appears. The 
decomposition of the urea causes a 
gradual increase in the pH of the solu- 
tion, which is uniform throughout, and 
precipitates the R2O3 group as the dense 
basic sulfates. The final pH value of 
the solution is about the same as when 
using NH4OH and the proper indicator. 
Remove from the hot plate, and allow 
the precipitate to settle, keeping the 
solution warm. Filter through twm 
dense filter papers folded together, and 
transfer the bulk of the precipitate to 
the papers. The basic sulfate precipi- 
tate occupies only about one third 
of the volume of the equivalent hy- 
droxide and is, accordingly, easily trans- 
ferred and washed. For transferring 
the precipitate, use NH4CI solution 
(1 per cent) made just alkaline to 
methyl red indicator with NH4OH. 
The small amount of precipitate adher- 
ing to the sides of the beaker may be 
removed by thorough scrubbing with a 
rubber policeman, or better, by dis- 
solving with diluted HCl (5 per cent) 
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directed against the side of the beaker 
from a wash bottle. Heat gently, add 
one drop of methyl red indicator, and 
then diluted NH4OH (10 per cent) 
until just alkaline. Transfer the small 
amount of precipitated hydroxide to the 
filter paper holding the basic sulfate 
precipitate, using the NH4CI solution 
(1 per cent) referred to above. Scrub 
the beaker, and then wash the combined 
precipitates 10 times with the above 
solution. Reserve the filtrate for the 
determination of CaO and MgO (Sec- 
tion 61), and complete the procedure as 
described in Paragraph ( 0 ). 

Note.— T he precipitate obtained with urea 
is fine grained and much smaller in volume than 
the gelatinous hydroxides obtained with NH^OH. 
This permits rapid filtering and more thorough 
wasliing.^® 

Lime 

61. (a) Make the combined filtrates 
A and B from Section 60 (a), or the 
filtrate from Section 60 (b), slightly acid 
with HCl, evaporate to a volume of 
approximately 150 ml., and cool. Add 
20 ml. of diammonium phosphate 
((NH 4 ) 2 HP 04 ) solution (10 per cent), 
and slowly introduce NH4OH drop by 
drop, while stirring vigorously, until 
the solution is ammoniacal and a 
crystalline precipitate appears. Add 
15 ml. of NH4OH, stir thoroughly, and 
allow to stand overnight at room tem- 
perature. Filter the solution on a 
9-cm. filter paper, and wash the precipi- 
tate three or four times by decantation 
with cold NH4OH (2.5 per cent). Pour 
25 ml. of HCl (1:1) through the filter 
paper, collecting the filtrate in the 
original beaker containing the bulk of 
the precipitate. Wash the paper thor- 
oughly with HCl (5 per cent). Dilute 

For a description of an investigation of this pro- 
cedure, _see_ Hobart H. Willard and Ning Rang Tang, 
‘‘Quantitative Determination of Alumimim by Precipita- 
tion with Urea,” Industrial and Engr. Chemistry, Anal. 
Ed., Vol. 9, pp. 3S7 to 363 (1937) 


the solution to a volume of 150 ml. 
with cold water, add 3 ml. of 
(NH 4 ) 2 HP 04 (10 per cent), and repeat the 
precipitation. Allow to stand several 
hours. When cool, filter, wash 10 to 12 
times with cold NH4OH (2.5 per cent), 
and ignite in a tared platinum crucible, 
first at a dull red heat until the carbon 
has been removed, and finally to con- 
stant weight at about 1100 C. (20 to 30 
min. is generally sufficient). The pyro- 
phosphates thus obtained contain all 
the calcium, magnesium, and any man- 
ganese present. 

{b) Dissolve the ignited pyrophos- 
phates in 10 ml. of H2SO4 (1:1), and 
evaporate to fumes of SO3. Cool, and 
add 5 ml. of water and enough absolute 
ethyl or methyl alcohol to constitute 90 
to 95 per cent of the total volume of 
liquids present. Stir vigorously for 
several minutes. Allow the CaS 04 pre- 
cipitate to settle for 2 or 3 hr., or over- 
night if preferred, filter on a 9-cm. 
paper, and wash free of E[ 3 P 04 with 
ethyl alcohol (80 per cent). Dissolve 
the precipitate from the paper with HCl 
(10 per cent), and wash with about 25 ml. 
of the acid. Dilute to about 150 ml. 
with hot water, make alkaline with 
NH 40 tI, heat to boiling, and precipitate 
the calcium by slowly adding 10 to 15 
ml. of a saturated solution of ammonium 
oxalate. Digest on the hot plate just 
below boiling for 30 min. Filter on a 
9-cm. paper, and wash with cold water 
until free from oxalate. Transfer the 
paper and precipitate to the original 
beaker, and dissolve with 150 ml. of 
H 2 SO 4 (5 per cent). Heat almost to 
boiling, and titrate with 0.04 N KMn 04 . 

Manganese as MnO 

62. (a) Evaporate the alcoholic fil- 
trate from the CaS 04 (Section 61) until 
strong fumes of SO3 are evolved and all 
organic matter is destroyed. After the 
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solution has cooled, dissolve the residue 
in 25 ml. of HNO3 (30 per cent). The 
oxidation of the manganese from this 
point may be effected by either of the 
following two methods: 

Persulfate Method . — Add 75 ml. of 
water, 6 ml. of AgNOs solution (0.5 
per cent), and 10 ml. of (NH,i) 2 S 208 
solution. Boil for 1 min. and cool to 
room temperature. 

Bismut hate Method . — If there is any 
evidence of brown hydrated MnOa 
after solution in the HNO3, add H2SO3 
drop by drop. Boil the solution, filter 
if necessary, cool to room temperature 
or lower, and add 2 to 3 g. of sodium 
bismuthate. Agitate the solution for 1 
min., and filter through asbestos (Note). 
Wash with HNO3 (3 per cent) until 
the residue is free from permanganic 
acid, as determined by the absence of 
the pink color in the washings. 

Note. — A good grade of asbestos, acid 


washed and specially prepared for Gooch 
crucibles, should be used. 

(Z>) Titrate at once with standard 
sodium arsenite (1 ml. is equivalent to 
0.0002 g. of Mn), the permanganic acid 
formed from either the persulfate or the 
bismuthate method (Paragraph (a)). 
The end point is the disappearance of 
the pink color. The factor for con- 
verting Mn to MnO is 1.291, 

Magnesia 

63, Calculate the CaO obtained in 
Section 61 to Ca 3 (P 04)2 by multiplying 
by the factor 1.845, and the MnO 
determined in Section 62 to Mn^PaOr 
by multiplying by the factor 2.001. 
Deduct the sum of these two phosphates 
from the weight of the combined phos- 
phates of calcium, manganese, and mag- 
nesium in Section 61. The difference 
is the weight of MgsPaOr. The factor 
for converting MgoPaOT to MgO is 
0.362. 


Standard Method of Test for 

PYROMETRIC CONE EQUIVALENT (P.C.E.) OF REFRACTORY 
MATERIALS' 

A.S.T.M. Designation ; C 24 - 42 
Adopted, 1920; Revised, 1928, 1931, 1933, 1935, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 24; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers a pro- 
cedure for determining the pyrometric 
cone equivalent (P.C.E.) of fire clay, 
fireclay brick, and silica cement by 
comparison of test cones with Standard 
Pyrometric Cones under the conditions 
herein prescribed. 

Preparation of Sample 

2. (<x) Clay or Brick . — ^The entire 
sample of fire clay or fireclay brick, in 
case the amount is small, shall be 
crushed by means of rolls or a jaw 
crusher so as to produce a particle size 
not larger than J in. In case the amount 
is large, a representative sample obtained 
by approved methods shall be so treated. 
The sample shall then be mixed thor- 
oughly and the amount reduced to 
about 250 g. (0.5 lb.) by quartering. 
Any magnetic material introduced by 
crushing or grinding shall be removed 
by means of a magnet. This portion 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

^ Prior to adoption as standard, this method was 
published as tentative from 1919 to 1920. Editorially 
revised in 1943. 


shall then be ground in an agate, porce- 
lain, or hard steel mortar and .the 
amount reduced again by quartering. 
The final size of the sample shall be 
50 g. and the fineness such that it will 
pass a No. 70 (210-micron) A.S.T.M. 
sieve^ (equivalent to mesh No. 65 of the 
Tyler standard series). In order to 
avoid excessive reduction of fines, they 
shall be removed frequently during the 
process of reduction by throwing the 
sample on the sieve and continuing the 
grinding of the coarser particles until 
all the sample passes through the sieve. 

(6) Silica Cements . — In the case of 
silica cements, the sample obtained by 
approved methods shall be tested as 
received without grinding or other 
treatment. 

Note.— F or the purpose of this test, silica 
cement is understood to be the usual finely 
ground mixture of quartzite, silica brick, and 
fire claj'' of various proportions, and does not 
include materials sold under the name of high- 
temperature mortars. 


’ Detailed requirements for this sieve are given in the 
Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: Ell), which appe.ars in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 
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Preparation of Test Cones 

3. (a) The dried sample shall be 
thoroughly mixed and after the addition 
of sufficient dextrine, glue, gum tra- 
gacanth, or other alkali-free organic 
binder and water, shall be formed in 
a truncated trigonal pyramid with its 
base at a small angle to the trigonal axis, 
and of the following dimensions: Over-all 
height (between planes perpendicular to 
the trigonal axis) 1| in.; length of 
side of the truncated tip, in.; 



Fig. 1. — Method of Mounting Test Cones and 
Appearance After Testing. 


length of the two longer sides of the 
base, -is in.; base at an external angle 
of 82 deg. to one face and perpendicular 
to the symmetry plane through the 
opposite edge of the pyramid. 

(b) When dry the test cones may be 
subjected, when necessary, to a prelimi- 
nary burn at a temperature not exceed- 
ing 2370 F. (1300 C.) for the purpose of 
sintering them to a firm condition to 
permit handling. 

Mounting 

4. The test cones shall be mounted on 
plaques of refractory material of such 
a composition as will not affect the 
fusibility of the cones.'* They shall be 
mounted with the base embedded ap- 
proximately 3 mm. (0.12 in.) in the 


plaque and the face of one side inclined 
at an angle of 82 deg. with the horizon- 
tal. The arrangement of the test cones 
with respect to the Standard Pyro- 
metric Cones shall be substantially as 
shown in Fig, 1, that is, alternating the 
test cones with the Standard Pyrometric 
Cones in so far as is practical (Note). 
The plaque may be any convenient size 
and shape and may be biscuited before 
using, if desired. 

Note. — The number of cone.s and their 
mounting .so as to face inward as shown in 
Fig. 1 is typical for gas-fired furnaces of rela- 
tively large dimensions and gases moving at 
high velocity. The practical bore of the muffle 
tubes in most electric furnaces does not permit 
cone pats of this size. The static atmosphere 
prevailing permits the cones being mounted to 
face outward, if so desired. 

Heating 

5. (a) The heating shall be carried 
out in a suitable furnace at a rate to 
conform to the following require- 
ments: 


To reach cone No. 20 45 min. 

Time interval to: 

Cone No. 23 20 min. 

Cone No. 26 6 min. 

Cone No. 27 4 min. 

Cone No. 28 4 min. 

Cone No. 29 10 min. 

Cone No. 30 4 min. 

Cone No. 31. 12 min. 

Cone No. 32 8 min. 

Cone No. 32| 9 min. 

Cone No. 33 9 min. 

Cone No. 34 6 min. 

Cone No. 35 10 min. 

Cone No. 36 10 min. 

Cone No. 37 4 min. 

Cone No. 38 6 min. 


Note. — At 1830 F. (1000 C.) the old cone pat 
may be removed and a new one put in without 
cooling the furnace to below red heat. 

(b) That type of furnace in wdiich a 
neutral or oxidizing atmosphere may be 
maintained is to be preferred. Exces- 


* A mixture of equal parts of a highly refractory clay, 
such as a good grade of china clay and fused alimiiiia, that 
will pass a No. 100 (149-inicron) A.S.T.M. sieve (equiva- 
lent to mesh No. 100 of the Tyler standard series) has 
been found satisfactory. 
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sive reducing conditions should be 
avoided. Care should be taken that the 
flame does not strike directly against 
the cone or cone plaque. The furnace 
should be tested at intervals for the 
determination of the uniformity of the 
distribution of the heat. 

Pyrometric Cone Equivalent 

6. (a) The softening of the cone will 
be indicated by the top bending over 
and the tip touching the plaque. The 
bloating, squatting, or unequal fusion 
of , small constituent particles should 
always be reported. The Pyrometric 
Cone Equivalent shall be reported in 


terms of Standard Pyrometric Cones 
and shall be that cone which most nearly 
corresponds in time of softening with 
the test cone. If the test cone softens 
later than one Standard Pyrometric 
Cone but earlier than the next Standard 
Pyrometric Cone and approximately 
midw'ay between, the P. C. E. shall be 
reported thus: cone No. 31-32. 

(b) If the test cone starts bending 
at an early cone but is not down until 
a later cone, the fact should be reported. 

Note. — The temperatures corresponding to 
the end points of the Standard Pyrometric 
Cones are frequently of interest. These are 
shown in the Appendix. 


Appendix 

The temperatures corresponding to the end points of those Standard Pyrometric Cones that 
are used in connection with refractories are as follows: 


Cone 

End 

Point 

Cone 

End Point 


Deg. Fahr. 

Deg. Cent. 


Deg. Fahr. 

Deg. Cent. 

No. IS 

2615 

1435 

No. 30 

. . . . 3002 

1650 

No. 16 

2669 

1465 

No. 31 

. , . . 3056 

1680 

No. 17 

No. 18. . . . 
No. 19. ... 
No. 20. . . . 
No. 23. . . . 

2687 

2714 

2768 

2786 

2876 

1475 

1490 

1520 

1530 

1580 

No. 32 

No. 32|.... 

No. 33 

No. 34 

. . . . 3092 
.... 3131 
. . . . 3173 
. . . . 3200 

1700 

1722 (approx.) 
1745 

1760 

No. 26. . . . 

2903 

1595 

No. 35 

. . . . 3245 

1785 

No. 27.... 

2921 

1605 

No. 36 

. . . . 3290 

1810 

No. 28.... 

2939 

1615 

No. 37 

. . . . 3308 

1820 

No. 29. . . . 

2984 

1640 

No. 38 

. . . . 3335 

1835 


These temperatures (except cone No. 322), which were determined by Fairchild and Peters* 
for a heating rate of 270 F. (150 C.) per hr. for cones Nos. IS to 20 and of 180 F. (100 C.) per 
hr. for cones Nos. 23 to 38, other conditions being the same as specified, apply satisfactorily for 
all the conditions of this test method, but do not apply to conditions of the commercial burning 
and use of refractory materials. 


• Fairchild and Peters, “Characteristics of Pyrometric Cones,” Journal, Am. Ceramic Soc., Vol. 9, No. 11, 
p. 700, November, 1926. 


Standard Method of 

PANEL TEST FOR RESISTANCE TO THERMAL ANJ3 STRUC- 
TURAL SPALLING OF REFRACTORY BRICRi 



A.S.T.M. Designation: C 38 - 42 
Adopted, 1936; Revised, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 38; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) This method of test outlines a 
general procedure for determining the 
resistance of refractory brick to the 
separate and combined effects of struc- 
tural and thermal spalling. The test is 
believed to give a sufficient simulation 
of service conditions to suggest its use 
as a suitability test for certain classes 
of service that have been correlated with 
the test data. 

{h) Detailed methods of test to be 
used in conjunction with this procedure 
in testing specific types of refractories 
are as follows: 

Method of Panel Test for Resistance 
to Thermal and Structural Spalling of 
High Heat Duty Fireclay Brick 
(A.S.T.M. Designation: C 107),^ 

Method of Panel Test for Resistance 
to Thermal and Structural Spalling of 
Super Duty Fireclay Brick (A.S.T.M. 
Designation: C 122)=*, and 

_ 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

^ Prior to adoption as standard, this method was pub- 
lished as tentative from 1934 to 1936. This method 
replaced the former water spalling method which was 
published as tentative from 1921 to 1934, being revised in 
1926, 1927, 1931, and 1933, and which was accordingly 
discontinued in 1934. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Method of Panel Test for Resistance 
to Thermal and Structural Spalling of 
Fireclay Plastic Refractories (A.S.T.M. 
Designation: C 180).=* 

Apparatus 

2. The apparatus and equipment'* 
shall consist of the following: 

(a) Panel Frame. — A panel frame- 
work shall be used which is essentially 
the same as that shown in Fig. 1. 

(&) Preheating Furnace. — A preheat- 
ing furnace shall be used, constructed 
essentially like the design shown in Figs. 
2 and 3. 

{c) Spalling Furnace. — A spalling fur- 
nace shall be used, constructed in a 
manner as showni in Figs. 4, 5, and 6. 

(ff) Temperature Measurmg Instru- 
ments. — The temperature of the test 
panel during the preheating shall be 
measured by means of an optical py- 
rometer. The spalling furnace tem- 
perature shall be determined by means 
of a platinum - platinum-rhodium 
thermocouple. 

< The complete set of drawings necessary for the con- 
struction of the panel spalling equipment would require 
too much space to be included with the procedure, but 
these are available at a nominal charge from the Re- 
factories Fellowship, Mellon Institute of Industrial 
Research, Pittsburgh, Pa. 
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(e) Air Supply . — Means shall be pro- 
vided for delivering air through each 
cooling unit at a specified rate. 

(/) Transfer Facilities . — A suitable 
means, such as a track or trolley, shall 
be provided for transferring the test 
panels. 





Section Through Brickwork at B'B 



Fig. 1. — Panel Frame and Brickwork. 

The brick around the test panel are dununy brick 
which arc used to help maintain uniform 
conditions within the panel. 


Test Specimens 

3. Whenever possible, the specimens 
for the test panel shall consist of 9-in. 
straight bricL When shapes of other 
sizes are to be tested, the specimens shall 
be cut so as to be not more than 3 in. in 
thickness by not more than 9 in. in 
length by not more than 4| in. in width. 


Panel Construction 

4. The specimens shall be laid up so 
as to form a test panel not less than 18 
in. square, so that a 9 by 2|-m. surface 
of each specimen will be exposed to the 
heat treatment. Each specimen shall 
be labeled with ceramic paint on the 
face opposite that to be tested, and then 
weighed to the nearest 0.1 lb. There 
shall be placed about the test panel a 
suitable grade of refractory dummy 
brick, in the manner shown in Fig. 1. 
All brick in the test panel shall be laid up 
with refractory kaolin unless otherwise 
specified. The joints shall be not 
thicker than in. The test panel, in- 
cluding dummy brick, shall be insu- 
lated in accordance with the arrange- 
ment and design shown in Fig. 1. 
Preheating Test Panels 

5. The prepared test panels shall be 
placed in position on either side of the 
preheating furnace. When only one 
lot of brick is to be tested, a dummy 
panel should be used. The joint be- 
tween the ends of the panel dummy brick 
and the preheating furnace shall be 
sealed with plastic kaolin. During the 
heating of the panels, the surface of the 
test specimen opposite that being heated 
shall be insulated in the specified manner 
so as to maintain a suitable temperature 
gradient in the specimen. The furnace 
shall be so operated that the temperature 
specified for preheating shall be reached 
in not less than 5 nor more than 8 hr. 
and maintained 24 hr. The permissible 
variation in temperature may be plus 
35 F. and minus 45 F. (plus 20 C. and 
minus 25 C.), but the average of the 
temperature during the run shall be that 
specified. After completing the pre- 
heating, the test panel shall be left in 
position for not less than 8 hr. before 
being removed. As a result of this heat 
treatment, any tendency toward fusion, 
vitrification, swelling, or shrinkage will 



Fig. 3. — Preheating Furnace ^vith Panel 






Fig. 4. — Furnace of the Spalling Equipment. 
The complete layout is shown in Figs. 5 and 6. 
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Spalling Procedure 
6. The test panels shall then be sub- 
jected to thermal spalling by heating 
them within a specified time to a speci- 
fied temperature and rapidly cooling 


be evident and any development of 
structural spalling will be apparent. A 
record shall be made of the condition of 
the brick specimens, indicating the ex- 
tent of the fusion, vitrification, swelling, 


Fig. 7.— Photograph Showing Manner in Which Test Brick Are to Be Arranged for 
Making Photographic Report. 

The brick are in the same corresponding position as laid up in the panel. The percentage loss and 
photograph number or designation are also shown. 


or shrinkage. If shrmkage takes place by means of a prescribed blast. The 
a record shall be made of its nature, that panels shall be placed in position in 
is, whether or not this occurs as a shrink- front of the spalling furnace in the man- 
age of each brick as a unit, or as the ner shown in Figs. 5 and 6. The tern- 
development of cracks on the surface of perature of the spalling furnace shall be 
each brick. The surface of the test raised within 3 hr. to the specified 
panels may be photographed. temperature. During the heating pe- 
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riod, the panels shall be alternately 
placed in position in front of the furnace 
so that each may be heated to about the 
same temperature. The position of the 
panels shall be changed at temperatures 
of 720, 360, and ISO F. (400, 200, and 
100 C.) below the final furnace temper- 
ature. During this period, the test 
panels shall not be cooled by means of 
the cooling blast. After the final tem- 
perature of spalling is obtained, the 
panels shall be held in position for a 
specified time, and then shifted so as 
to expose the heated panel for cooling. 
After each panel has been subjected to 
the required number of cycles, the fur- 
nace shall be allowed to cool, but the 
cooling procedure for the test panels 
shall be conducted so that each panel 
receives two additional cycles witliout 
the water mist. 

Dismantling Test Panel 
7. When the test panel has cooled 
sufi&ciently so that the brick can be 
handled, the panel shall be carefully dis- 
mantled. Each of the test specimens 


shall be cleaned to free it of kaolin and 
in such a manner as to remove spalls, 
after which the specimens shall be re- 
weighed to the nearest 0.1 lb., and the 
loss in weight recorded as percentage 
of the original weight. When a second 
heating treatment is given and the 9-itt. 
brick specimens have been numbered 
from 1 to 7 from top to bottom in the 
test panel, their order shall be changed 
so as to assume the positions of 4-3-2-l~ 
7-6-5. In the case of the six 3-in. brick 
specimens the order shall be changed so 
as to assume thepositionsof 3-2-1-6-5-4 
for the second heating treatment. The 
specimens shall also be turned end for 
end. 

Report 

8. The report may include a photo- 
graph of the test panel after preheatmg, 
and shall include comments as to its 
condition. The average spalling loss for 
the w'hole panel shall be given, as well 
as a photograph of the spalled brick 
specimens arranged in the manner shown 
in Fig. 7. 


Standard Method of 


PANEL TEST FOR RESISTANCE TO THERMAL AND 
STRUCTURAL SPALLING OF HIGH HEAT 
DUTY FIRECLAY BRICK^ 



A.S.T.M. DesigBation: C 107-42 
Adoi’TEd, 1936; Revised, 1940, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 107 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L This method of test covers the 
procedure for determining the resistance 
of fireclay brick used for stationary 
boilers, malleable iron furnace bungs, 
and incmerator furnaces to the separate 
and combined effects of structural and 
thermal spalling. This method makes 
use of the general requirements and 
procedure prescribed in the Method of 
Panel Test for Resistance to Thermal 
and Structural Spalling of Refractory 
Brick (A.S.T.M. Designation: C 38) 
of the American Society for Testing 
Materials,® and supplements that 
method by giving the detailed require- 
ments of the procedure to be followed 
in testing refractories for use in station- 
ary boilers, malleable iron furnace bungs, 
and incinerator furnaces. 


^ Under tBp standardization procedure of the Society, 
this rnethod is under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

’ Prior to adoption as standard, this method was pub- 
lished as tentative from 1934 to 1936. 

8 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Apparatus and Test Specimens 

2. The apparatus and test specimens 
shall be in general as described in the 
Method of Panel Test for Resistance 
to Thermal and Structural Spalling 
of Refractory Brick (A.S.T.M. Desig- 
nation: C 38) of the American Society 
for Testing Materials.® 

Procedure 

3. The procedure shall be in general 
as outlined in Method C 38,® supple- 
mented by the procedure for preheating 
and spalling as prescribed in the fol- 
lowing Sections 4 and 5. 

Preheating Test Panels 

4. {a) The test brick shall be laid up 
with kaolin having a pyrometric cone 
equivalent not below cone No. 34, 

(6) The test panels and dummy brick 
shall be insulated with group 26 insu- 
lating fire brick weighing 46 ± 2 lb. 
per cu. ft. 

(c) The temperature of the panel 
faces shall be maintained so as to aver- 
age 2910 F. (1600 C.) by means of a 
gas-fired furnace for a period of 24 hr. 
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(d) The furnace gas pressure during 
the 24-hr. preheating period shall be 
within the limits of 0.3 to 0.6 in. of 
water for gas-fired furnaces. 

Note. — I n furnaces used for the purpose of 
obtaining control and experimental data where 
the method is foDowed in all details except 
that oil is used as a fuel, it is recommended that 
the furnace gas pressure be maintained between 
0.1 and 0.2 in. of water. 

Spalling Procedure 

5. (a) The panel insulation shall be 
removed. 

(b) The gas-fired furnace shall be 
operated so as to obtain a temperature 
of 2550 F. (1400 C.) before the panels 
are cooled by means of the blast. 

(c) The period for heating shall be 
10 min. and for cooling 10 min., making 
a 20-min. cycle. 

(d) The cooling shall be accomplished 
by means of an air-water mist blast, 
which shall be delivered through a ver- 
tical manifold with an opening measur- 
ing 3| by 24 in. as shown in Method 
C 38.® Air shall be delivered through 


each cooling unit at the rate of 1400 cu. 
ft. per min. The water used in the 
four spray units shall be filtered and 
measured by means of a meter. The 
spray nozzles shall be regulated so as 
to deliver water at the rate of 2| gal. 
during the first 8 min. of the cycle. 
No water shall be used during the last 
2 min. The cooling units shall be 
operated with a reciprocating motion 
so as to pass back and forth across the 
surface of the entire panel, including the 
dummy guard brick, 125 times in 10 
min. 

(e) The spalling treatment shall con- 
sist of 12 cycles, after which the furnace 
shall be shut off and the panels given 
two additional cooling cycles without 
the water mist. 

(/) After carefully dismantling the 
panel, the kaolin shall be scraped off 
with a trowel, removing such pieces of 
the brick as separate easily. No 
attempt shall be made to separate 
pieces that might be removed by prying 
or tapping. 



Standard Method of 

PANEL TEST FOR RESISTANCE TO THERMAL AND 
STRUCTURAL SPALLING OF SUPER DUTY 
FIRECLAY BRICKi 



A.S.T.M. Designation: C 122 - 42 
Adopted, 1937; Revised, 1940, 1942.8 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 122; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
procedure for determining the resistance 
of super duty fireclay brick to the 
separate and combined effects of struc- 
tural and thermal spalling. This 
method makes use of the general re- 
quirements and procedure prescribed in 
the Method of Panel Test for Resistance 
to Thermal and Structural Spalling of 
Refractory Brick (A.S.T.M. Designa- 
tion: C 38) of the American Society for 
Testing Materials,® and supplements 
that method by giving the detailed 
requirements of the procedure to be 
followed in testing super duty fireclay 
brick. 

Apparatus and Test Specimens 

2. The apparatus and test specimens 
shall be in general as described in the 
Method of Panel Test for Resistance to 
Thermal and Structural Spalling of Re- 
fractory Brick (A.S.T.M. Designation: 
C 38) of the American Society for 
Testing Materials.® 

* Under the standardization procedure of the Society, 
ms inethod is under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from W36 to 1937. 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Procedure 

3. The procedure shall be in general 
as outlined in Method C 38,® supple- 
mented by the procedure for preheating 
and spalling as prescribed in the follow- 
ing Sections 4 and 5. 

Preheating Test Panels 

4. {a) The test brick shall be laid 
up with kaolin having a pyroinetric cone 
equivalent not below cone No. 34. 

(6) The test panels and dummy brick 
shall be insulated with group 26 insulat- 
ing fire brick weighing 46 zfc 2 lb. 
per cu. ft. 

(c) The temperature of the panel faces 
shall be maintained so as to average 
3000 F. (1650 C.) by means of a gas- 
fired furnace for a period of 24 hr. 

(d) The furnace gas pressure during 
the 24-hr. preheating period shall be 
within the limits of 0.3 to 0.6 in. of 
water for gas-fired furnaces. 

Note. — In furnaces used for the purpose of 
obtaining control and experimental data where 
the method is followed in aU, details except 
that oil is used as a fuel, it is recommended that 
the furnace gas pressure be maintained between 
0.1 and 0.2 in. of water. 
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Spalling Procedure 

5. (a) The panel insulation shall be 
removed. 

(6) The gas-fired furnace shall be 
operated so as to obtain a temperature 
of 2550 F. (1400 C.) before the panels 
are cooled by means of the blast. 

(c) The period for heating shall be 10 
min. and for cooling 10 min., making a 
20-min. cycle. 

(d) The cooling shall be accomplished 
by means of an air-water mist blast, 
which shall be delivered through a 
vertical manifold with an opening meas- 
uring 3| by 24 in. as shown in Method 
C 38.® Air shall be delivered through 
each cooling unit at the rate of 1400 cu. 
ft. per min. The water used in the 
four spray units shall be filtered and 
measured by means of a meter. The 
spray nozzles shall be regulated so as to 


deliver water at the rate of 2| gal. 
during the first 8 min. of the cycle. 
No water shall be used during the last 
2 min. The cooling units shall be 
operated with a reciprocating motion so 
as to pass back and forth across the 
surface of the entire panel, including the 
dummy guard brick, 125 times in 10 
min. 

(e) The spalling treatment shall con- 
sist of 12 cycles, after which the fur- 
nace shall be shut off and the panels 
given two additional cooling cycles 
without the water mist. 

(f) After carefully dismantling the 
panel, the kaolin shall be scraped off 
with a trowel, removing such pieces of 
the brick as separate easily. No at- 
tempt shall be made to separate pieces 
that might be removed by prying or 
tapping. 



Standa?'d Method of Test for 

PERMANENT LINEAR CHANGE AFTER REHEATING OF 
REFRACTORY BRICK^ 



A.S.T.M. Designation: C 113 - 36 
Adopted, 1936.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 113; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers a proce- 
dure for determining the permanent 
linear change of certain types of re- 
fractory materials when heated under 
prescribed conditions. 

Apparatus 

2. The apparatus shall consist of a 
kiln of the down-draft type and of such 
design as not to permit the flame to 
impinge directly from the burner upon 
the test specimens. The kiln atmos- 
phere during the test shall be kept as 
oxidizing as is practicable. 

Test Specimens 

3. (o) The test specimens shall con- 
sist of three standard 9-in. brick (9 by 
4| by 2^ in.) or three pieces of these 
dimensions cut out of larger shapes. 

R) Each test specimen shall be labeled 
with ceramic paint and carefully meas- 
ured for length before and after reheat- 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1934 to 1936. Editorially revised 
in 1942. 


ing. The measurements shall be made 
by the use of a firm joint caliper and a 
steel rule. The calipering shall be done 
at the center of each end, and the dimen- 
sion shall be measured to the nearest 
0.02 in. 

Location of Test Specimens in Kiln 

4. The test specimens shall be placed 
in the kiln so that each will rest on a 
9 by 2^-in. face and only one course 
high. Each specimen shall be placed 
upon the 9 by 2|-in. face of a supporting 
brick which shall be from the same lot 
as the test specimen or at least of equal 
refractoriness. There shall be placed 
between the test specimen and the sup- 
porting brick a layer of calcined diaspore, 
cyanite, or fused alumina ground to pass 
a No. 20 (840-micron) A.S.T.M. sieve 
(equivalent to mesh No. 20 of the Tyler 
standard series). Each specimen shall 
be placed so as to be not closer than 1| 
in. from other test specimens or the 
furnace wall. 

Temperature Measurement 

5. {a) The temperature within the 
kiln shall be measured by means of a 
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platinum - platinum-rhodium thermo- 
couple and a pyrometer, preferably a 
recording pyrometer. The hot junction 
of the couple shall be placed so as to 
register the temperature of the test 
specimens. The kiln shall be of uniform 
temperature over the hearth and shall 
be checked from time to time by means 
of cones and shall not show a difference 
of more than one cone. Above 2640 F. 
(1450 C.) the thermocouple should be 


Test Temperature Schedules 

6. The kiln shall be operated so as to 
conform to the temperature schedule 
specified for the particular test to be 
conducted. Heating schedules for vari- 
ous classes of refractories are shown in 
Table I. 

Cooling 

7. After completion of the heating 
period the test specimens shall be allowed 


TABLE I.-HEATING SCHEDULE FOR REHEAT TEST OF VARIOUS TYPES OF REFRACTORIES .5 


Elapsed Time 


Temperature of Teat Specimen 


of Heating 

Schedule A 

Schedule B 

Schedule C 

Schedule D 


between 1290 and 1470 

between 1650 and 1830 

between 1650 and 1830 

between ISIS and 1695 


F. (700 and 800 C.) 
between 1965 and 2055 

F. (900 and 1000 C.) 
between 2325 and 2415 

F. (900 and 1000 C.) 
between 2325 and 2415 

F. (825 and 925 C.) 
between 2235 and 2325 

3 hr 

F. (1075 and 1125 C.) 
2190 ± 20 F. (1200 ± 

F. (1275 and 1325 C.) 
2550 ± 20 F. (1400 ± 

F. (1275 and 1325 C.) 
between 2640 and 2730 

F. (1225 and 1275 C.) 
2460 ± 20 F. (13.50 ± 

4 hr 

5 hr 

10 G.) maintained for 

5 hr. 

10 C.) maintained for 

5 hr. 

F. (1450 and 1500 C.) 

between 2820 and 2865 

F. (1550 and 1575 C.) 
2910 ± 25 F. (1600 ± 

15 C.) maintained for 

5 hr. 

10 C.) maintained for 

5 hr. 


withdrawn and an optical pyrometer 
shall be used. The sighting shall be 
directed on one of the test specimens. 

(b) During the constant temperature 
period of the test, the temperature as 
measured by the thermocouple shall not 
be allowed to vary by more than plus or 
minus 20 F. (10 C.) and in the case of 
the optical pyrometer, plus or minus 
25 F, (15 C.) Temperature readings 
shall be made at intervals not greater 
than 15 min. 


to cool in the closed kiln for a period of 
at least 10 hr. 

Calculation 

8. The test specimens shall be re- 
measured after rubbing the ends with 
an abrasive block to remove small blis- 
ters. The percentage linear change 
based upon the original length shall be 
calculated and reported as the average 
value of the three specimens. 


» Editorially revised in 1942. 


Standard Method of 

TESTING FIRECLAY REFRACTORIES UNDER LOAD AT 
HIGH TEMPERATURES^ 



A.S.T.M. Designation; Cia--41 
Adopted, 1941 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 16; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
procedure for determining the resist- 
ance to deformation of fireclay refrac- 
tories when subjected to a specified com- 
pressive load at a specified temperature 
for a specified time. 


Apparatus 

2. {a) The apparatus shall consist 
essentially of a furnace and a loading 
device. It may. be constructed in ac- 
cordance with Figs. 1, 2, or 3, or their 
equivalent.® 

When gas or oil fuel is used, the 
furnace shall be of such form that the 
temperature is substantially uniform in 
all parts of the furnace. Two burners 
shall be used. These shall be capable 
of individual control and located to 


I Under the standardisation procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

= Prior to its present adoption as standard, this 
mcthod_ was published as tentative from 1917 to 1920, be- 
ing revised in 1920. It was adopted in 1920, published as 
Standard from 1920 to 1939, being revised in 1936, but with- 
drawn and repubiished as tentative from 1939 to 1911. 
Editorially revised in 1942. 

B lueprints of detailed drawings of the furnaces shown 
in Figs. 1, 2, and 3 are available at a nominal cost from the 
American Society for Testing Materials, 260 S. Broad St., 
Philadelphia 2, Pa. 


produce a tangential flame that will not 
impinge on the specimens or on the 
thermocouple protecting tubes. 

Q)) The temperature shall be meas- 
ured .either with calibrated platinum - 
platinum-rhodium thermocouples, each 
encased in a protection tube with the 
junction not more than 1 in. (25 mm.) 
from the center of the side or edge of 
each specimen farthest from the center 
of the furnace, or with some form of 
pyrometer that has been calibrated 
against a thermocouple in the furnace. 
A recording form of temperature indi- 
cator is recommended. If the optical 
pyrometer is used, observations shall be 
made by sighting into refractory tubes 
having closed ends and in the same 
relative positions to the test specimens 
as those specified for the thermocouples. 

Test Specimen 

3. {a) The test specimen shall consist 
of a minimum of two 9 by 4| by 2I-in. 
straight refractory brick, or specimens 
of this size cut from larger shapes, 
utilizing as far as possible existing plane 
surfaces. 

{b) If necessary, the ends of the 
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(c) Furnace Atmosphere . — The fur- 
nace shall be operated with an oxidizing 
atmosphere above 1470 F. (800 C.). 

{d) Completion of Test . — At the ex- 
piration of the time of heating, the 
supply of heat shall be stopped and the 
furnace allowed to cool by radiation to 
1830 F. (1000 C.) or lower before the load 
is removed and the specimens examined. 


When the test specimens ha'^’c cooled to 
room temperature, they shall be remeas- 
ured for length in accordance with Sec- 
tion 3(c), and the average defomiatioii 
shall be recorded and reporied to the 
nearest 0.5 per cent of the original length. 

Note. — I t is recommended that a photograph 
be made of the specimen before and after Is 
as yielding useful information. 



Sta7idard Methods of 
TESTING INSULATING FIRE BRICIG 

COMPRESSIVE STRENGTH, FLEXURAL STRENGTH, AND PERMANENT LINEAR 
CHANGE AFTER HEATING 



A.S.T.M. Designation: C93-42 
Adopted, 1941; Revised, 1942.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C93; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


vScope 

1. These methods of test cover pro- 
cedures for determining the following 
properties of insulating fire brick: 

Compressive strength, 

Flexural strength, and 

Permanent linear change as a result of 
heat treatment. 

Compressive Strength 
Apparatus 

2. (a) Any universal testing machine® 
may be used, 

(Z>) The spherical bearing block shall 
have a plane bearing surface, the area 
of which is equal to or greater than the 
cross-section of the test specimen. 

Test Specimens 

3. The test specimens shall consist of 
ten half-brick (4| by 4| by 2|- in.). 
They shall be placed on the 4| by 4|-in. 


* Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
CommiUce C-8 on Refractories. 

* Prior to adoption ns standard, these methods were 
published as tentative from 1933 to 1941, being revised in 
1934 and 1939. 

s The use of a hydraulic testing machine is recom- 
mended in preference to the mechanical type. 


surfaces for test. The test surfaces of 
the specimens shall be approximately 
parallel planes. 

Procedure 

4. (a) The load shall be applied to 
the 4| by 4|-iii. surface of the test 
specimen. 

(6) The bearing block shall be used 
on top of the test specimen in vertical 
testing machines. The bearing block 
shall be placed on the specimen so that 
the center of the sphere is in alignment 
wdth the vertical axis of the specimen 
(Fig. 1). The spherical bearing block 
shall be kept thoroughly lubricated to 
insure accurate adjustment, which 
should be made by hand under a small 
initial load. 

(c) The testing machine shall be 
adjusted to apply the load at either of 
the following rates: 

Hydraulic 

machine 750 lb. per nrin. ± 10 per cent 

Mechanical 

machine 0.05 in. per min. =h 10 per cent 

(d) During the test, when a mechan- 
ically actuated testing machine is used, 
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the beam of the testing machine shall be 
kept constantly in a floating position. 

Calculation 

S. The compressive strength in pounds 
per square inch shall be reported as cal- 
culated from the following formula: 



where: 

S ~ compressive strength in pounds 
per square inch, 

W = load in pounds at 3 per cent 
deformation^ or at visible 
failure, whichever is smaller, 
and 

A ~ average of the gross areas of the 
top and bottom surfaces of 
the specimen in square inches. 



'^P^er/caTsbaf-^ 

Bearing Block 

Center of T:-'. p 

Spherical Surface — ! l<— One -half Brick 



contact with the specimen and shall 
have a length at least equal to the width 
of the specimen to be tested. Their 
bases shall be so curved or rounded as to 
permit free movement of the working 
edges. The use of bearing cylinders of 
the type shown in Fig. 2 is recommended, 



Cross -Head of , 
'dfisHng^ fdacyr.e 



Bearing 
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Cylinder - — 



Whole 

Brick Flat 
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\AVeighing Table ofAi 
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i 



Fig. 2. — RecommcRdcd Design of Bearing 
Cylinders and Rockers for Flexural 
Strength Test. 


although other types may ]:)e used, if 
they provide free movement and at the 
same time ensure full and even Ijearing 
at all times during the test. A satis- 
factory alternate design is shown in 
Fig. 3 ' 

Test Specimens 

7. At least ten test specimens shall be 
used and these shall each be a Vv’hole 
9-in. brick (9 by 4| by 2| in.). 


Fig. 1.— Spherical Bearing Block for 
Compressive Strength Test. 

Flexural Strength 
Apparatus 

6. (a) Any universal testing machine® 
may be used. 

(d) The bearing edges shall be 1| in. 
in diameter or rounded to a |-in. radius. 
They shall be straight and have full 


‘A dial-type micrometer is generally used for this 
measurement. 


Procedure 

8. (a) The bearing edges shall be 
placed so as to prtjvitle a 7-in. sjian. 
A test specimen sliall be ijlaced llatwise 
on the bearing edges and llic load 
applied at mid-span. 

(b) The testing machine shall be 
adjusted to apply the load at either of the 
following rates: 

Hydraulic ma- 
chine 200 lb. per mirr. ± 10 per cent 

Mechanical 

machine. ... 0.03 in. per min. ± 10 per cent 
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Calculation 

9. The flexural strength in pounds 
per square inch shall be reported as 
calculated from the following formula: 


(9 by 4| by 2| in.). If a specimen of 
some other size is used, the dimensions 
shall be reported. 

Procedure 


3WL 
^ 2b(P 


where; 


R = flexural strength in pounds per ‘ 
square inch, 

]¥ = load in pounds at which the 
specimen failed, 

L == distance between the supports 
in inches, 

h = width of the specimen in inches, 
and 

d ~ depth of the specimen in inches. 


13. (a) Each test specimen shall be 
measured along its three major axes 
through the center. The measurements 
shall be made to the nearest 0.02 in. 

(b) The test specimens shall be placed 
in the furnace preferably on the 9 by 
2|-in. edge, resting on a slab of the same 
composition whose thickness shall be 
not less than 1 in. The test specimens 
shall be protected from the direct flame 
and from localized heating from direct 
contact wdth furnace parts. 



Fig. 3.— Recommended Design of Alternate Apparatus for Flexural Strength Test. 


Permanent Linear Change After 
Heating 

Purpose 

10. The object of this test is to deter- 
mine the permanent linear change after 
heating of insulating fire brick when 
subjected to a definite temperature. 

Apparatus 

11. Any furnace in which uniform 
temperatures can be obtained may be 
used for the test. 

Test Specimens 

12. Three test specimens shall be used, 
these preferably being a whole 9-in . brick 


(c) The maximum temperature to be 
used shall depend upon the material. 
This maximum temperature shall be 
obtained in not less than 3 hr. The 
maximum temperature shall be held for 
a period of 24 hr. The specimens shall 
be left in the furnace until the furnace 
temperature has fallen at least to 500 F. 
(260 C.). 

Calculation 

14. (a) Fermanent Linear Change — 
The permanent linear change shall be 
calculated from measurements taken 
along the three major axes of the speci- 
mens. The change in length, width, and 
thickness shall be reported separatehc 
The permanent linear change sliall l)e 
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calculated on the basis of each original 
dimension. 

(b) Permanent Volume Change . — The 
permanent volume change shall be cal- where: 
culated from the measurements taken 
along the three major axes of the speci- ^ = 
men in accordance with the following Vo - 
formula: F/ = 


Vo - Vf 

V = -y- ^ X 100 


percentage volume change, 
original volume, and 
final volume. 



Stajidard Methods of Test for 

COLD CRUSHING STRENGTH AND MODULUS OF RUPTURE 
OF REFRACTORY BRICK AND SHAPES' 



A.S.T.M. Designation: C 133 - 39 
Adopted, 1939,® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 133; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for the following tests of refractory brick 
and shapes: Cold crushing strength 
and modulus of rupture. 

Cold Crushing Strength 
Apparatus 

2. (a) Testing Machine . — iVny form 
of standard mechanical or hydraulic 
compression testing machine may be 
used. 

{b) Spherical Bearing Block . — The 
spherical bearing block shall have a 
plane bearing surface, the area of which 
is equal to or greater than the cross- 
section of the test specimen. 

Test Specimens 

3. The test specimens shall be wdiole 
standard 9-in. brick (9 by ^ by 2f in.) 
or specimens of equivalent size ground or 
cut from refractoiy shapes. In the case 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the .^.S.T.M. 
Committee C-8 on Refractories. 

" Prior to adoption .as standard these methods were 
published as tentative from 1937 to 1939. 


of special shapes, only one specimen 
shall be cut from a single shape and as 
many of the original surfaces as possible 
shall be preserved. In preparing speci- 
mens from irregular or large refractory 
shapes, any method involving the use of 
abrasives, such as high-speed abrasion 
wheel or rubbing bed, that will produce a 
specimen with approximately plane and 
parallel sides without weakening the 
structure of the specimen may be used. 

Preparation of Test Specimen. 

4. {a) The specimen to be used for the 
cold crushing strength test shall be pre- 
pared as follows: The two end surfaces 
(4^ by 2|- in.) intended to receive the 
load from the testing machine shall 
receive a thin coating of shellac and be 
allow^ed to dry thoroughly. One of the 
shellacked bearing surfaces shall then 
receive a thin coat of a neat mortar of 
calcined gypsum (plaster of Paris) . This 
mortared face of the specimen shall be 
pressed on plate glass or other plane, 
nonporous surface wdiich has been pre- 
viously oiled or covered with waxed 
paper, and the bedding material allow-ed 
to harden. This procedure shall be 
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repeated with the other shellacked sur- 
face. Care shall be taken that the oppo- 
site faces so coated with bedding material 
shall be parallel. 

(b) When the top and bottom surfaces 
of the specimen are approximately plane 
and parallel, a cellulose fiber wall board 
0,25 in. in thickness and extending 2 in. 
or more over the edges of the specimen 
may be substituted for tlie above method 
of preparation. 

(c) The report shall state which type 
of bedding material is used. 


Spherical — 
Seat 


Cejifer of 
Spherical Surface- 



Spherical 
' Bearing Block 
Bedding 
Maferio! 


'' ' Weighing fable of 
Testing Machine 
Fig. 1.— -Recommended Design for Crushing 
Test Assembly, Including Bearing Block. 


Procedure 

5. {a) Five specimens shall be tested. 

(6) The load shall be applied to the 4-| 
by 2|-in. ends of the test specimen. 

if) The bearing block shall be used on 
top of the test specimen in vertical test- 
ing machines. The center of the sphere 
of the bearing block shall be used in 
contact with the top bearing surface of 
the specimen and in the vertical axis of 
the specimen (Fig. 1). The spherical 


bearing block shall be Lepl thoroughly 
lubricated to insure accurate adjust ineni, 
which should be made Ijy luiiul iiiuhn- a 
small initial load. 

(d) The speed of head of the niecliaiii- 
cal testing machine during the appli- 
cation of the load shall be nut more 
than 0.5 in. per min. up lo a pressure 
of 500 psi. and not exceeding 0.05 in. per 
min. for pressures over 500 psi. Tne 
rate of application of load, wlien u.sitig 
a hydraulic testing machine, shall be 
20,0b0 lb. per min." 

(e) During the lest, when a nicclmni- 
cally actuated testing machine is u.sed, 
the beam of the tc.sting machine shall be 
kept constantly in a lloafina ftositiun. 

Calculation and Report 

6. The cold crushing strength in 
pounds per scpiare inch shall i)e re])orl.ed 
as calculated from the following formula; 



where : 

F == cold crushing strength in pounds 
per sciuare inclp 

W == total maximum load, in pounds, 
indicated by the testing ma- 
chine, and 

A = average of the gross areas of the 
top and bottom of the speci- 
men, in square inclie.s, of llie 
section of the specimen per- 
pendicular to the line of appli- 
cation of the load 

Modulus of Rupture 

Apparatus 

7. (a) Testing Machine. — Any form of 
standard testing machine may be used. 

Note. — Portable apparatus properly 

calibrated may be used. 


* This paragraph was editorially revised in 1940, 
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{b) Bearing Edges. — }5earing edges, 
Iri in. in diameter, shall be straight and 
have full contact with tlie specimen and 
shall have a length at least equal to the 
width of the brick to be tested. Their 
bases shall be so curved or rounded as to 
permit free movement of the working 
edges. The use of bearing cylinders of 
the type shown in Fig. 2 is recommended, 
although other types may be used w^hich 
will provide free movement and at the 


Bearing 
Cylinder..-. B. 

Whok . . 
Brick FM ^ 
Bearing '' . 
Cylinder / 
Bearing 
Cylinder 
Rocker 


.. . Cross -Head O.F 
Tesfirg /PUr/iine 




i 1 



jEdiarn \l 4 rad 


^ k'uj 


IVeigi.-ing Table of ] 1 



Fig. 2. — Reconimenclcd Design of Bearing 
Cylinders and Rockers for Use in Modulus 
of Rupture Test. 


Procedure 

9. {a) Five specimens shall be tested. 
{h) A test specimen shall be placed 

flatwise on the bearing cylinders with a 
span of 7 in. and the load applied at 
mid-span. 

(c) The speed of head of the mechani- 
cal testing machine during the applica- 
tion of the load shall be not more 
than 0.05 in. per min. The rate of appli- 
cation of load, when using a hydraulic 
testing machine, shall be 4000 lb. per 
min.^ 

Calculation and Report 

10. The modulus of rupture in pounds 
per square inch shall be reported as cal- 
culated from the following formula: 



where: 

R ~ modulus of rupture in pounds 
per square inch, 



Fig. 3. — Recommended Design of Alternate Apparatus for Modulus of Rupture Test. 


same time insure full and even bearing at 
all times during the test. A satisfactory 
alternate design, is shown in Fig. 3. 

Test Specimens 

8. The test specimens shall conform to 
the requirements prescribed in Section 3. 


IV = total load in pounds at which 
the specimen failed, 

I ~ distance between the supports in 
inches, 

b = v/idth of the specimen in inches, 
and 

d = depth of the specimen in inches. 



Standard Methods of Test for 
SIZE AND BULK DENSITY OF REFRACTORY BRICK^ 



A.S.T.M. Designation: C 134-41 
Adopted, 1941.*^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C lv34; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods of test cover proce- 
dures for measuring the size and bulk 
density of rectangular refractory brick. 

Note. — These methods include a procedure 
for measuring the size of rectangular refractory 
shapes. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(o) Rule {12-in .). — A steel rule 12 in. 
in length, graduated on one edge in 
At in. and and on the other in -A in., for 
use in measuring brick and small shapes. 
The rule shall have a hook consisting of 
a right-angled piece on one end to fix the 
zero point of the scale against one face 
of the brick. The hook shall be | in. in 
width and shall extend | in. beyond the 
measuring side of the rule as showm in 

Fig. 1. 

(&) Rule {36-in .). — A stiff steel hooked 
rule 36 in. in length, graduated in 'h, 
and At in. for use in stack measurements 
and for measuring the larger shapes by 
use of the hook. The 36-in. rule shall 


I Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M, 
Committee C-8 on Refractories. 

* Prior to adoption as standard, these methods were 
published as tentative from 1938 to 1941, being revised in 


have the same design and the same 
graduations on the top of the rule as 
specified for the 12-in. rule, but on the 
other side and beginning at the opposite 
end from the hook it shall be graduated 
in ^ in. 

Note.— T he hooked rules shall be checked 
periodically to determine whether they have 
become distorted or worn in use. 

{c) Weighing Scale . — A scale for weigh- 
ing, having a capacity of 10 lb. or more 
and a sensitivity under load of at least 
0.02 lb. (I 02.) 

Sampling 

3. A sample of 20 brick or shapes shall 
be selected at random to represent each 
shipment, and 10 of these brick shall be 
taken as a primary set of test specimens. 
The remaining 10 brick shall be retained 
for retesting, if required. 

Preparation of Specimens 

4. Any pimples or fins shall be re- 
moved Aom the specimens by lightly 
rubbing them together. 

Measurement of Size 

5. {a) Length and Width.—The length 
and width of each of the 10 specimens 
shall be measured across the middle of 
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each of lIil- ra.ccs of largest area to the 
nearest in. or in. when the 
dimensions :ire 9 in. or under, and to 
the nearest d,F or jff in- when the 
dimensions are over 9 in. The position 
of the hooked rule for these measure- 
ments is indicated by lines L and W in 
Big. 2. The individual measurements 
of the two opposite faces of each speci- 
men shall be made and recorded. 

(b) 7'hickness.~- The 10 specimens shall 

first be stacked on a plane surface with- 
out regard to the position of the brand 
marks on the specimens. The stack 
shall then be measured to the nearest 



Fig. 1. “Design of 12-m. Hooked Rule. 

in. from the plane surface to the top of 
the stack at the center of each side. The 
individual measurements of the four 
sides of the stack shall be recorded. 

Note. — Brick or shapes over 3 in. in thick- 
ness shall be measured for thickness by the 
procedure described in Paragraph (a). The 
position of the hooked rule for the thickness 
measurements is indicated by the line T in 
Fig. 2. 

Report 

6. The average of the two individual 
measurements for length and for width 
of each specimen shall be reported. The 
thickness shall be reported as the aver- 
age stack height divided by 10, except 
for those thickness measurements on 


brick over 3 in. in thickness obtained by 
the use of a hooked rule, which shall be 
reported as the average thickness of the 
individual specimens. 

Retests 

7. (a) If one specimen in the primary 
set of 10 specimens fails to conform to 
the length or width requirements speci- 
fied, the length and wddth of the second 
set of 10 specimens shall be measured in 
accordance with Section 5 (a), and 19 of 
the 20 specimens must conform to the 
requirements specified. 

(b) Failure of the stack thickness to 
conform to the requirements specified 



Fig. 2. — Measurements of Refractory Brick. 

shall constitute cause for rejection. 
Thickness measurements obtained on in- 
dividual specimens (that is, brick or 
shapes over 3 in. in thickness measured 
by use of the hooked rule) shall be sub- 
ject to retest in accordance with Para- 
graph (a). 

Bulk Density 

8. Each of the specimens shall be 
weighed to the nearest 0.02 lb. (| oz.), the 
weight recorded, and the average weight 
of the 10 specimens calculated. The 
average volume shall be calculated by 
using the average dimensions obtained 
in accordance with Section 6. The bulk 
density shall be calculated as follows: 

Bulk density, wt. in Ib, ..^no 

lb. per cu. ft. " vol. in cu. in. ^ ^ 



Standard Method of Test for 

WARPAGE OF REFRACTORY BRICK AND TILE* 



A.S.T.M. Designation: C 154 - 41 
Adopted, 1941.2 

This Standard of the American Society for Testing Materials is iraucd under 
the fixed designation C 154; the final number indicates the year of oririiud 
adoption as standard or, in the case of revision, the year of last revislfju. 


Scope 

1. This method of test covers the pro- 
cedure for determining the warpage of 
refractory brick and tile. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Steel Streeightedge. 

lb) M easurhig W edge . — A steel wedge 



2.5 in. in length by 0,5 in, in width by 
0.5 in. in thickness at one end, and 
tapered, starting at a line 0.5 in. from 
one end, to zero thickness at the other 
end. The wedge shall be graduated 
in 0,02 in. and numbered to show the 
thickness of the wedge between the base 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S-T.M. 
Committee C -8 on Refractories. 

2 Prior to its present adoption as standard, this 
method was published as tentative from 1938 to 1939, 
constituting a portion of the Tentative Methods of Test for 
Size, Warpage, and Bulk Specific Gravity of Refractory 
Brick (C 134 7 38 T) . This method was reissued in 1910 
under the serial designation C 1S4, and published as tenta- 
tive from 1940 to 1941. 


AB and the slope /IC, as illustrated in 

Fig. 1. 

Sampling^ 

3. The sample of brick fu; tile t;* in- 
sisting of 20 pieces shall Ih; trtlicn tit 
random, to represent a .sliipme!'*'; rtf a 
carload or fraction thereof. 

Procedure 

4. Place the straightedge acro.s.s a 
diagonal on the concave side of tlie tile. 



Fig. 2. — Method of Measuring Warpage. 

Insert the wedge (Fig. 2) at the point 
of maximum warpage, and note the 
reading to the nearest 0.02 in. Repeat 
on the other diagonal. 

Report^ 

5. The warpage shall be taken a.s tlie 
larger of the two measurements of each 
specimen. The repurt sIki]] gi^■e the 
warpage values for the indivishial sptH-i- 
mens. 

5 This section was .added edituriafiy ia tn terrm t 

an omission. 

1 This section was editorially revised in 194. 3. 
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Standard Methods of Test for 


APPARENT POROSITY, WATER ABSORPTION, APPARENT 
SPECIFIC GR.\VITy, AND BULK DENSITY 
OF BURNED REFRACTORY PRODUCTS’ 



A.S.T.M. Designation: C20-41 
Adopted, 1941 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 20; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods of test cover pro- 
cedures for determining the following 
properties of burned refractory products: 

Apparen t porosi ty , 

Water absorption, 

Apparent specific gravity, and 
Bulk density. 

Note. — These methods arc not applicable to 
materials attacked by water. 

Preparation of Sample 

2. (a) The sample shall consist of at 
least five standard 9-in. brick or similar 
units, from each of which a single test 
specimen, having a volume of approxi- 
mately 25 or 26 cu. in. shall be cut or 
broken. When testing standard 9-in. 
straight brick, the specimen shall be a 
quarter-brick obtained by halving the 

1 Under the standarciization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

® Prior to their present adoption as standard, these 
methods were published as tentative from 1918 to 1920. 
They were adopted in 1920, published as standard from 
1920 to 1939, being revised in 1931 and 1933, but withdrawn 
and republished as tentative from 1939 to 1941, Editori- 
ally revised in 1942 and 1943 . 


brick along a plane parallel to the 9 
by 2|-in, face and along a plane par- 
allel to the 4| by 2|-in. face. Four of 
the surfaces of the resultant quarter- 
brick specimen include part of the orig- 
inal molded faces. These surfaces are 
half of one end, half of one side and one 
quarter of each of the two 9 by 4|-in. 
faces. When testing large shapes, the 
sample shall consist of several speci- 
mens cut or broken from each shape 
from both the center and outer por- 
tions. 

(6) Each specimen shall be freed of 
all loosely adhering particles. 

(c) Visibly defective specimens shall 
not be used. 

Dry "Weight, D 

3. (a) The test specimens shall be 
dried to constant weight bv heating to 
220 to 230 F. (105 to 110 C.) and the 
dry weight, D, in grams determined to 
the nearest 0.1 g. 

(b) The drying procedure may be 
omitted only when the test specimens 
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are known to be dry, as may be the case 
with samples taken directly from kilns. 

(c) The drying of the specimens to 
constant weight and the determination 
of their dry weights may be done either 
before or after the boiling operation 
(Section 4). Usually the dry weight is 
determined before boiling; if, however, 
the specimens are friable or evidence 
indicates that particles have broken loose 
during the boiling operation, the speci- 
mens shall be dried and weighed after 
the suspended weight, 5, and the satu- 
rated weight, W, have been determined 
as described in Sections 5 and 6. This 
second dry weight shall be used in all 
appropriate calculations. 

Boiling 

4. (a) The test specimens shall be 
placed in water and boiled for 2 hr. 
During the boiling period, they shall be 
kept entirely covered with water, and 
shall not be. in contact with the heated 
bottom of the container. 

(6) After the boiling period, the test 
specimens shall be cooled to room tem- 
perature while still completely covered 
with water. The cooling may be ac- 
celerated by running cold water into the 
container. 

Suspended Weight, S 

5. (a) The weight, S, of each test 
specimen after boiling and while sus- 
pended in water shall be determined in 
grams to the nearest 0.1 g. 

(b) This weighing is usually accom- 
plished by suspending the specimen'in a 
loop or halter of 22-gage copper wire 
hung from one arm of the balance The 
balance shall be previously counter- 
balanced with the wire in place and im- 
mersed in water to the same depth as is 
used when the refractory specimens are 
in place. 


Saturated Weight, IF 

6. After determining the suspended 
%veight, each specimen shall be blotted 
lightly with a moistened smooth linen 
or cotton cloth to remove all drops of 
water from the surface and the saturated 
weight, W, determined in grams by weigh- 
ing in air to the nearest 0.1 g. The 
blotting operation shall be performed by 
rolling the specimen lightly on the wet 
cloth, which has previously been satu- 
rated with water and then pressed only 
enough to remove such water as will 
drip from the cloth. Excessive blot- 
ting will introduce error by withdrawing 
water from the pores of the .specimen. 

Exterior Volume, V 

7. The volume, P', in cubic centi- 
meters of the test . specimens may be 
obtained by subtracting the suspended 
weight from the saturated weight, both 
in grams, as follows: 

V == W - S 

Note. — T his assumes that 1 cu. cm, of water 
weighs 1 g. This is true within about three 
parts in 1000 for water at room temperature. 

Volumes of Open Pores and Impervious 

Portions 

8. The volume of open pore.s and the 
volume of the impervious portions of 
the specimen may be calculated as 
follows: 

Vol. of open pores in cu. cm. = If ™ D 
Vol. of impervious portion in cu. cm. ~ D — S 

Apparent Porosity, P 

9. The apparent porosity expresses as 
a percentage the relationship of the 
volume of the open pores of the speci- 
men to its exterior volume and shall be 
calculated as follows: 
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Water Absorption, A 

10. The water absorption, A , expresses 
as a percentage the relationship of the 
weight of water absorbed to the weight 
of the dry specimen and shall be cal- 
culated as follows: 


Apparent Specific Gravity, T 

11. The apparent specific gravity, T, 
of that portion of the test specimen 
which is impervious to boiling water 
shall be calculated as follows: 


Bulk Density, B 

12. (a) The bulk density, B, in grams 
per cubic centimeter of a specimen is the 
quotient of its dry weight divided by the 
exterior volume, including pores and shall 
be calculated as follows: 



(b) This method of determining bulk 
density is useful for checking bulk 
density values obtained by the direct 
measurement method® (Note). While it 
is more accurate than the direct measure- 
ment method, and generally gives higher 
values (by about 0.02 to 0.04), the direct 
measurement method is better suited for 


» Methods of Test for Size and Bulk Density of Refrac- 
tory Brick (.V.S.T.M. Desifination: C 13 1) , %vh kh ap- 
pe.ars in this publication, see Contents in Numeric Se- 
quence of A.S.T..M. Designations at front of book. 


plant and field testing, since it is a 
less involved technique. The present 
method is preferable for specimens 
which are branded deeply or irregular 
in contour. 

Note."* — ^The values for bulk density deter- 
mined according to Section 12 will be expressed 
in metric units, for example, grams per cubic 
centimeter. The bulk density, however, deter- 
mined by the direct measurement method will be 
expressed in English units. The conversion 
from metric to English units may be calculated 
as follows: 

Bulk density in g. per cu. cm. X 62.43 = 

Bulk density in lb. per cu. ft. 

Report 

13. (a) For each property, the average 
of the values obtained with at least five 
specimens, and preferably also the in- 
dividual values, shall be reported.® 

(b) Apparent porosity and water ab- 
sorption results shall be reported to one 
decimal place, and apparent specific 
gravity and bulk density results to two 
decimal places. 

Note. — When values are reported for water 
absorption but not for porosity, it is suggested 
that the report shall also give the results for 
bulk density. This makes it possible to calcu- 
late the corresponding apparent porosity values 
as follows: 

AXB 


■> This note Wtas.-idded editorially in 1944. 
s When there arc pronounced difference.s among the 
individual values, another sample of five specimens shall 
be tested. These shall consist of the quarter-brick diag- 
onally opposite from the origin.al specimens. The aver- 
age of all ten determinations shall be reported. 



Standm-d Method of Test for 

TRUE SPECIFIC GRAVITY OF BURNED 
REFRACTORY MATERIALS^ 



A.S.T.M. Designation: C 135 -40 
Adopted, 1940.- 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 135; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers a pro- 
cedure for the determination of true 
specific gravity of refractory materials 
under prescribed conditions. 

Note. — This method is not applicable to 
materials attacked by water. 

Apparatus 

2. The apparatus shall consist of the 

following: Analytical balance and 

weights, 5 0-ml. pycnometer bottle with 
capillary tube stopper, thermometer, 
drying oven, weighing bottle, desiccator, 
a suitable apparatus to produce a 
vacuum of 0.5 to 1.0 in. mercury pres- 
sure, and distilled water at room tem- 
perature. 

Test Specimens 

3. (a) The test specimen shall consist 
of two walnut-size pieces cut from 
different positions in the sample in such 
a way as to exclude all skin surfaces. 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

2 Prior to adoption as standard, this method was i>ub- 
lished as tentative from 1938 to 1940. Editorially revised 
in 1942. 


If an average specific gravit}'' is desired, 
specimens from at least five samples 
shall be tested. 

(5) The specimen shall be crushed, if 
necessary, between liardened steel sur- 
faces and then ground in an agate mor- 
tar, either by hand or by a mechanical 
sample grinder'^ so constructed as to 
prevent the introduction of any im- 
purity. The specimen shall then be 
reduced to 50-g. by quartering in the 
standard manner. Any magnetic ma- 
terial introduced liy crushing or grinding 
shall be removed by means of a magnet. 
The entire 50-g. sample shall be ground 
in an agate mortar so that it will pass 
a No. 100 (149~micron) A.S.T.M. sieve-* 
(equivalent to mesh No. 100 of the T34er 
standard series). Care shall be taken 
at all stages of the grinding and quarter- 
ing not to exclude any portions which are 
difficult to grind, that is, all selective 
specimen preparation shall be avoided. 

3 The McKenna, Carling, Fisiicr, or similiir type 
sample grinders are satisfactory for this purpose. 

Detailed requirements for this sieve are given in the 
Specifications for Sieves for Testing Purposc.s (A.S.T.M. 
Designation; _E il), which ainwars iii llii;. pnlilicatiim, 
see Contents in Numeric Sequence of .V.S.T.M. iScisigna- 
tions at front of book. 
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Procedure 

4, (a) The 50-g. sample shall be dried 
to constant weight at 220 to 230 F. (105 
to 110 C.) and placed in a glass-stoppered 
weighing bottle. Duplicate tests shall 
be made on material from the 50-g. 
sample. All weights shall be recorded 
to the nearest 0.0001 g. 

(b) The pycnometer and stopper shall 
be dried at 220 to 230 F. (105 to 110 C.) 
cooled in a desiccator, weighed on an 
analytical Ijalance, and the w'eight 
recorded as weiglit p. The pycnom- 
eter shall then lie filled with distilled 
water at room temperature, /, and again 
x^^eighed with the stopper in place, re- 
cording the weight as I IT. The pycnom- 
eter shall then be emptied and again 
dried. 

(c) Approximately 8 to 12 g. of the 
sample shall be placed in the dry 
pycnometer; the pycnometer, stopper, 
and sample shall be weighed, and the 
weight recorded as weight W. The 
bottle shall next be filled to approxi- 
mately one-half its capacity with dis- 
tilled water at room temperature L The 
sample and water shall be very thor- 
oughly mixed by stirring with a glass 
rod and evacuated (Note) at 0.5 to 1.0 
in. mercury pressure to remove en- 
trapped air. 

Note. — A suitable method of evacuation is 
described in Section 4 (s) of the Methods of 
Test for Specific Gravity of Pigments (A.S.T.M. 
Designation; D 153) of the American Society 
for Testing Materials.^ 

(d) After evacuation, the bottle shall 
be filled with distilled water at room 
temperature t, and the e.xcess water on 
the tip of the capillary removed by filter 
paper. The pycnometer and contents 

5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M . Designations at front of book. 


shall then be weighed and the weight 
recorded as weight 

Calculation 

5. (a) The true specific gravity shall 
be calculated in accordance with the 
following formula: 

W — p 

Sp. gr., t/t - „ 

where: 

t = temperature of the material 
and the water, 

p = weight of the stoppered pjm- 
nometer, 

W ~ weight of the stoppered pyc- 
nometer and sample, 

Wi~ weight of the stoppered pyc- 
nometer filled with water, 
and 

Wsi ~ weight of the stoppered pyc- 
nometer, sample, and water. 

(b) The true density of the sample 
may be determined without additional 
measurement in accordance with the 
following formula: 

True density = sp. gr. X (d» ■— id) 
where: 

d-u> == density of water at the tempera- 
ture at which the test was 
made, and 

da = density of air at the temperature 
at which the test was made.® 

Reproducibility of Results 

6. Both determinations shall be re- 
ported to the nearest 0.001, and they 
shall check to within 0.005, or additional 
determinations shall be made. 


® Values of (.dw - da) for temperature from IS to .10 C. 
arc given in Table 35, Standard Density and Volumetric 
Tables, National Bureau of Standards, Circular No. 
19, p. 52. 



Standard Definitions oj 

TERMS RELATING TO REFRACTORIES- 



A.S.T.M. Designation: C 71 - 42 
Adopted, 1928; Revised, 1931, 1935, 1936, 1942.® 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation C71; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Mateeials 

Bond Fire Clay . — See Plastic or Bond Fire 
Clay. 

Diaspore Clay. — A rock consisting essen- 
tially of diaspore bonded by fire clay. 

Fire Clay. — A sedimentary clay® of low flux 
content. 

Note. — It is usually associated with coal 
measures. 

Flint Fire Clay. — A hard or flint-like fire 
clay occurring as an unstratified massive 
rock, practically devoid of natural plas- 
ticity and showing a conchoidal fracture. 

Grog Fireclay Mortar. — Raw fire clay 
mixed with calcined fire clay, or with 
broken fireclay brick, or both, all ground 
to suitable fineness. 

Ground Fire Clay. — Fire clay or a mixture of 
fire clays that have been subjected to 
no treatment other than grinding or 
weathering, or both. 

High-Temperature Bonding Mortar. — A 


mixture of refractory materials (such as 
fire clay, quartzite, chrome ore, magnesite, 
diaspore, or sillimanite minerals) cither 
raw or calcined, to which other materials, 
not classified as refractories, have been 
added for the purpose of increasing the 
plasticity, giving air-setting properties, 
or lowering the temperature at which the 
bond develops. 

Nodular Fire Clay. — A rock containing 
aluminous or ferruginous nodules, or 
both, bonded by fire clay. 

Note. — In some districts such clays are 
called “hurley” or “hurley flint” clay. 

Plastic or Bond Fire Clay. — A fire clay of 
sufficient natural plasticity to bond non- 
plastic materials. 

Silica Fire Clay. — A refractory mortar con- 
sisting of a finely ground mixture of 
quartzite, silica brick, and fire clay of 
various proportions. 

Note. — Sometimes called silica cement by 
the trade. 


^ Under the standardization procedure of the Society, 
these definitions are under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

’ Prior to adoption as standard, these definitions were 
published as tentative from 1927 to 1928, being revised in 
1928. 

3 The definition for the term “fire clay" is based upon 
the folloiving definition for the term “clay:” 

Clay.— An earthy or stony mineral aggregate consist- 
ing essentially of hydrous silicates of alumina, plastic 
when sufficiently pulverized and wetted, rigid when dry, 
and vitreous when fired at a sufficiently high temperature. 


Properties 

Abrasion of Refractories. — Wearing away 
of refractory surfaces by the scouring 
action of moving solids. 

Burning (Firing) of Refractories. — The 
final heat treatment to which refractory 
brick and shapes are subjected in the 


A “tentative revision” of this standard appears in the Tenta- 
tive Revisions of Standards section at the back of this book. 
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process of manufacture for the purpose 
of developing bond and other necessary- 
physical and chemical properties. 

Corrosion of Refractories. — Destruction of 
refractory surfaces by the chemical 
action of external agencies. 

Erosion of Refractories. — Wearing away 
of refractory surfaces by the washing 
action of moving liquids. 

Pyrometric Cone Equivalent (P.C.E .). — The 
number of that Standard Pyrometric Cone 
whose tip would touch the supporting 
plaque simultaneously with a cone of the 
refractory material being investigated 
when tested in accordance with the Stand- 
ard Method of Test for Pyrometric Cone 
Equivalent (P.C.E.) of Refractory Mate- 
rials (A.S.T.M. Designation: C24) of the 
American Society for Testing Materials. 

Note. — The terras “fusion point,” “soft- 
ening point,” “deformation point,” and 
“melting point” have heretofore been loosely 
used for “pyrometric cone equivalent.” 

Slagging of Refractories. — Destructive 
chemical reaction between refractories 
and external agencies at high tempera- 
tures, resulting in the formation of a 
liquid. 


Spalling of Refractories. — ^The breaking or 
crushing of a refractory unit due to ther- 
mal, mechanical, or structural causes, 
presenting newly exposed surfaces of the 
residual mass. 

Note. — The causes of spalling may be 
classified under three main headings, as fol- 
lows: 

Thermal: 

(a) Factors Related to Service. — Rapidity 
and range of thermal fiuctuation; contamina- 
tion by slags and fluxes; tightness of joints; 
previous vitrification. 

(&) Factors Related to Refractories. — Degree 
and uniformity of reversible thermal ex- 
pansion; heat transfer; elasticity; plastic flow. 
Mechanical: 

(a) Factors Related to Service. — Rapid heat- 
ing of wet brick; abuse in removing clinker 
and slag; unequal and excessive stresses; 
pinching; no provision for expansion; thin 
joints. 

{b) Factors Related to Refractories. — Me- 
chanical strength; toughness; accuracy of 
shape. 

Structural: 

(a) Factors Related lo Service. — Slags and 
fluxes; character of the material in joints; in- 
sulation of refractories. 

{b) Factors Related to Refractories. — ^Vitrifi- 
cation; shrinkage; nature of bond; structure; 
degree of burning. 
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A.S.T.M. Designation; C 146 - 43 
Adopted, 1943.* 

This Standard of the American Society for Testing .Materials is issued under 
the fixed designation C 146; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods for the chemical 
analysis of glass sand cover procedures 
for use in referee analysis. While pri- 
marily adapted for the analysis of glass 
sand containing not less than 98 per 
cent silica, these methods are not in- 
tended to preclude the use of any other 
method that yields results within per- 
missible variations. In any case, the 
analyst should check the procedure and 
technique that is employed by means of 
a National Bureau of Standards’ stand- 
ard sample having a composition 
comparable with that of the material 
under test. A list of these standard 
samples is given in the Bureau’s Supple- 
ment to Circular 398. 

Special Solutions Required 

2. {a) Purity of Reagents. — All rea- 
gents must be free from such amounts 
of impurities as would endanger the 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M, 
Committee G-14 on Glass and Glass Products. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1939 to 1943. 

* Detailed requirements for this sieve are given in the 
Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M Designation: Ell), which appears in this publi- 
cation, see Contents in N umeric Sequence of A.S.T.M. 
Designations at front of book. 


test ill question. For referee analysis, 
reagents conforming to the specifications 
of the Committee on Analytical Rea- 
gents of the American Chemical Society 
are recommended. 

(&) Correction for Impiiritks in Rea- 
gents. — Blank determinations on all rea- 
gents employed must be carried tlirougli 
each step of the procedure and the final 
result corrected as may be indicated. 

(c) Concentration of Acids. Through- 

out these methods the use of concen- 
trated acids is intended, unless otherwise 
specified. For example, hydrochloric 
acid, or HCl, refers to the concentrated 
acid (sp. gr. 1.19) as furnished by the 
manufecturer. Diluted acids will be 
designated as in the following example: 
‘‘diluted HCl (2:98)” will mean two 
volumes of the concentrated acid of 
sp. gr. 1.19, diluted with 98 volumes of 
distilled water. 

{d) Water. — ^The term “water” as 
used in these methods refers only to 
distilled water. 

Preparation of Sample 

3. {a) The sample received for chem- 
ical analysis shall be passed through an 
840-micron (No. 20) sieve.® Any por- 
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tion of the sample that is retaiaed on ' 
the sieve shall be crushed, without 
contamination, until it will pass through 
the sieve. The screened sample shall 
be thoroughly mixed and, if necessary, 
reduced in size by quartering. Not 
less than 1 lb. of the prepared sample 
shall be retained for use in the chemical 
analysis. 

(b) If the well-mixed screened sample 
appears to be nonuniform, the sample 
for analysis shall be taken by spreading 
the well-mixed sample on a clean surface, 
flattening to a depth of approximate^ 
0.5 in., and removing small portions at 
ten or more representative positions. 

Loss on Ignition 

4. Transfer 1.0000 g. of the sample, 
dried at 105 to 110 C., to a clean 2S-ml. 
platinum crucible weighed with cover. 
Cautiously heat the crucible with con- 
tents, at first partially covered, and 
then at approximately 1000 C. covered. 
Cool in a desiccator, and weigh. Re- 
peat the heating until constant w-eight 
is obtained. The loss in weight multi- 
plied by 100 represents the percentage 
loss on ignition. 

Silicon Dioxide 

5. Transfer 0.5000 to 1.0000 g. of the 
sample, dried at 105 to HOC., to a 
clean 25-ml. platinum crucible, add 
about four times as much anhydrous 
NagCOg as the weight of the sample 
taken, and mix thoroughly by stirring 
with a platinum rod or wire. Cover 
the crucible and fuse. When cool, 
transfer the crucible and melt to a large 
platinum dish, add waiter, cover, and 
digest. As soon as the melt has become 
detached, remove and thoroughly wash 
the crucible and cover. Acidify the 
water extract with diluted HCl (1:2), 
avoiding loss by effervescence. Evap- 
orate to dryness on a steam or water 
bath. Cool, add 10 ml. of HCl, digest 
for 5 to 10 min., and dilute with 200 ml. 


of hot water. Digest until soluble salts 
are dissolved. Immediately filter 
through a S. & S. No. 589 black ribbon, 
or equivalent, paper; wash the Si02 and 
paper with small portions of hot diluted 
HCl (1:19) and finally with hot water. 
Transfer the paper and precipitate to a 
platinum crucible, weighed with cover, 
and reserve. Evaporate the filtrate to 
dryness, cover, and heat the dish and 
contents at 115 to 120 C. for 1 hr. Cool, 
dissolve the residue in HCl and water, 
filter, and wash as before to recover the 
Si02 that escaped the first dehydration. 
Reserve the filtrate if a further recovery 
of Si02 is contemplated. Transfer the 
paper and precipitate to the platinum 
crucible, moisten with a few drops of 
diluted H2SO4 (1:4), and ignite cau- 
tiously until the paper is charred. 
Partially cover the crucible, slowly 
increase the heat until the carbon has 
been burned, and then cover the crucible 
and ignite at approximately 1200 C. for 
30 min. In all of the heating, great 
care must be taken to avoid loss of the 
powdery Si02 through drafts. Cool 
over a good desiccant and weigh. Re- 
peat the ignition until constant weight 
is obtained. Moisten the contents of the 
crucible with 5 ml of water, add 2 
drops of diluted H2SO4 (1:1) and add 
(cautiously) 15 ml. of HF, evaporate 
to dryness, fume off the e.xcess of H2SO4, 
and ignite at about 1000 C. Cool and 
weigh. If a 0.5-g. sample was taken, 
the percentage of Si02 is obtained by 
multiplying by 200 the difference be- 
tween the original weight of the covered 
crucible and its contents and the final 
weight.^ 


* Any SiOs escaping the double deliydration may be 
recovered by adding approximately 0.05 g. of ferric iron 
as chloride or sulfate to the reserved filtrate, precipitating 
with NHiOH, filtering, washing to remove sodium salts, 
drying, igniting at about 1100 C., cooling, and weighing 
in the customary manner. The residue thus obtained is 
treated with 5 ml. of HF and 10 drops of diluted ILSO^ 
(1:1), evaporated to dryness, ignited at about 1100 C., and 
weighed. The SiOa recovered, as indicated by the loss 
in weight, is added to that previously found. The re- 
covery may amount to as much as 1 rag., which represents 
0.1 and 0.2 per cent of SiOa, respectively, for 1 and O.S-g. 
samples. 
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Ferric Oxide 

Note. — The following procedure is satis- 
factory for determining iron up to a total of 
10 mg. of FesOa. For larger quantities the size 
of the sample should be so reduced that the 10 
mg. is not exceeded. This may be accomplished 
by using a smaller sample of the sand, or pref- 
erably by taking an appropriate aliquot portion 
of the solution obtained after decomposition 
of the 10-g. sample. 

6. (a) Special Solutions Required: Po- 
tassium Dichromate {0.005 N). — Recrys- 
tallize, three times, the purest grade of 
K2Cr207 obtainable. Dry the crystals 
at 150 C., grind to a fine powder, and 
dry at 200 C. until constant weight is 
attained. Dissolve 2.4516 g. of the 
recrystallized salt in water and dilute 
to exactly 10 liters. One milliliter of 
exactly 0.005 N iC2Cr207 represents 
0.000399 g. of Fe203. 

Stannous Chloride Solution . — Dissolve 
150 g. of SnCl2-2H20 in 100 ml. of HCl 
and dilute to 1000 ml. with water. 

(6) Procedure . — Transfer 10 g. of the 
dried sand to a 150 to 200-ml. platinum 
dish. Moisten the sample with water, 
and add 5 ml. of diluted H2SO4 (Dl)-® 
Add cautiously 100 ml. of HF, mix 
thoroughly by stirring with a platinum 
rod or spatula, and evaporate to 25 ml. 
on a steam or sand bath. Add 50 ml. 
of HF and evaporate to fumes of H2SO4. 
To the gently fuming solution add 
cautiously, drop by drop, a few drops of 
HNO3 to destroy organic matter. Cool, 
rinse the walls of the dish wdth water, 
and again heat to strong fumes of H2SO4 
in order to expel all HNO3. Cool the 
dish and contents, add 100 ml. of water, 
heat to boiling, filter, and wash the 
residue and paper with hot water. 
Reserve the filtrate. Ignite the paper 
and insoluble matter, fuse with a small 


* The quantity of HjSOi specified here will be sufficient 
for sands containing as much as 0.5 per cent total bases 
(o.xides of Fe, Al, Ti, Zr, Ca, Mg, Na, K, etc.). For larger 
amounts of the bases, proportionately larger quantities of 
H 2 SO 4 , up to 20 ml. for 10 per cent AkOj.must be used. 


amount of Na2C03, and dissolve the 
melt in diluted H'iSOi (1*.5). Filler, 
wash the residue and paper, and com- 
bine the filtrate with that previ- 
ously reserved. Again ignite the pafier 
and insoluble matter. Fuse with a 
minimum quantity of potassium pyro- 
sulfate (K2S2O7), dissolve the melt in 
diluted H2SO4 (1:5) and combine with 
the reserved filtrates. Dilute or con- 
centrate the combined filtrates so that 
the volume is approximately 200 ml., 
thoroughly saturate with H-iS, and 
digest, preferably overnight. Filter into 
a 500-ml. Erlenmeyer flask and wash the 
precipitate and paper with diluted 
H2SO.3 (1:99) saturated with IFS, 
Boil the filtrate to expel HoS and reduce 
the volume to 100 ml. 0.xiclize any 
reducing substances that may be present 
by adding 0.1 N KMnO.j until a perma- 
nent pink coloration is produced. .'\dd 
100 ml. of HCl, heat to boiling, and 
reduce the iron with tlic minimum 
amount of a .solution of SnCb. Titrate 
electrometrically with standard 0,005 iV 
K2Cr207, using a Roberts electrometric 
titration apparatus® or equivalent to 
determine the potential. The volume 
of standard KaCroO? necessary to effect 
oxidation • of the ferrous iron is the 
volume required in passing from the 
first point of inflection as shown by the 
potentiometer reading, which indicates 
the oxidation of residual SnCF and 
initial oxidation of the ferrous iron, to 
the second point of inflection, which 
indicates the complete transformation 
of the iron to the ferric condition. The 
points of inflection are best determined 
by means of a graph in which the 
volumes of K2Cr207 u.sed are plotted 
against the resulting electromotive force. 

‘J. C. Hostctter and H. S. Roberts, “Electrometric 
Titrations, with Special Reference to the Determination 
of Ferrous and Ferric Iron," Journal, Am. Chemical Soc., 
Vol. 41, p. 1337 (1920); “Electrometric Determination of 
Iron," Journal, Am. Ceramic Soc., Vol. 10, .'),priL 1927 
(p. 100 of the Bulletin) . 
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Solution for Determination of AI2O3, 

Ti02, ZrOa, CaO, and MgO (P2O5, 

V2O5) 

7. Transfer 25.00 g. of the sand, dried 
at 105 to HOC., to a 250 to 300-mL 
platinum dish. Thoroughly moisten the 
sample with 20 ml. of diluted H 2 SO 4 
(1:1) and add slowly, while stirring 
constantly with a platinum rod or 
spatula, 200 ml. of HF. Evaporate 
to fumes of H 2 SO 4 and add a few drops 
of HNO3 to the hot solution to destroy 
organic matter. Repeat the hydro- 
fluoric acid treatment, using 50 ml. of 
HF. Cool the dish and contents, rinse 
the walls of the dish with water, and 
repeat the evaporation to fumes of 
H 2 SO 4 . When cool, add 150 ml. of 
water and heat until soluble salts have 
dissolved. Filter, wash the residue and 
paper with hot water, and reserve the 
filtrate. Ignite the insoluble residue, 
fuse with a small amount of Na 2 C 03 , 
and dissolve the melt in diluted H 2 SO 4 
(1:5). Filter, wash the residue and 
paper, and combine the filtrate with that 
previously reserved. Ignite the filter 
and insoluble residue. Fuse with a 
minimum quantity of potassium pyro- 
sulfate (K 2 S 2 O 7 ), dissolve the melt in 
diluted H 2 SO 4 (1:5), and combine with 
the reserved filtrates. Dilute to 250 
ml and saturate the solution with H 2 S. 
Digest, preferably overnight, filter, w^ash 
with diluted H 2 SO 4 (1:99) saturated 
with HoS, and discard the sulfide 
precipitate. Boil the filtrate to expel 
H 2 S, oxidize with bromine water, boil 
off the excess of bromine, and precipi- 
tate with NH 4 OH, using methyl red 
as the indicator. Filter, and wash the 
paper and precipitate thoroughly with a 
hot neutral solution of NH 4 NO 3 (2 
per cent). Acidify, and reserve the 
filtrate for the determination of calcium 
and magnesium (see Sections 12 to 14). 
Transfer the paper and precipitate to a 
400-mI. beaker and add 20 ml. of HNO3 


and 10 ml. of H2SO4. Cover, heat 
cautiously until the solution begins to 
blacken, and then add HNO3 drop by 
drop, allowing each drop to flow down 
the beaker wall, until all carbonaceous 
matter has been destroyed. Heat to 
strong fumes of H2SO4, cool, rinse the 
cover glass and beaker walls, and again 
heat to fumes of H2SO4. Cool, add 
150 ml. of water, and heat to dissolve 
any anhydrous sulfates. Cool the solu- 
tion, transfer to a 200-mL volumetric 
flask, and dilute to the mark. Mix 
thoroughly, and divide the solution 
into two 100-ml. aliquot portions. 

Determination of AI2O3, Fe203, Ti02, 

and Zr02 (P2O5, V2O5) 

8. Dilute one of the lOO-ml. aliquot 
portions (Section 7) to 250 ml, heat to 
boiling, and precipitate with NH.1OH, 
using methyl red as the indicator. Fil- 
ter, and wash paper and precipitate 
thoroughly with a hot, neutral solution 
of NH4NO3 (2 per cent). Ignite the 
paper and precipitate in a platinum 
crucible weighed with cover. Moisten 
the ignited residue with water, add 5 
to 10 drops of diluted H2SO4 (1:1) and 
5 ml. of HF. Evaporate to e.xpel the 
excess of acids, and gradually increase 
the temperature until all H2SO4 has 
been expelled and the sulfates decom- 
posed. Cover the crucible and ignite 
at approximately 1100 C. Cool over a 
good desiccant, and weigh. Repeat the 
ignition until constant weight is ob- 
tained. The w^eight of the oxides multi- 
plied by 8 represents the combined 
percentages of AI2O3, Fe 203 , Ti02, and 
Zr02 (P2O3, V2O5). 

Determination of Fe 203 , Ti02, and 

ZrOa (V2O5) 

9. Dilute the other lOO-ml. aliquot 
portion (Section 7) to 200 ml, add 15 
ml. of H2SO4, and cool the solution to 
10 C. Add slowly, while stirring con- 
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stantly, a cold solution of cupferron 
(6 per cent) until no further precipitation 
occurs. Stir in a little macerated paper, 
allow the precipitate to settle, filter, 
and wash the paper and precipitate 
thoroughly with cold diluted H2SO4 
(1:9) containing 1.5 g. of cupferron per 
liter. Drain the paper and precipitate, 
and transfer to a platinum crucible 
weighed with cover. Dry the precipi- 
tate cautiously and ignite slowly until 
all carbonaceous matter is destroyed. 
Cool the crucible, and treat with H2SO4 
and HF to remove any Si02. Evaporate 
to dryness and then ignite at approxi- 
mately 1100 C. Cool over a good 
desiccant, and weigh. Repeat the igni- 
tion until constant weight is obtained. 
The weight of the oxides multiplied 
by 8 represents the combined percent- 
ages of Fe203, TiOa, and Zr02 (V2O.O. 

Determination of AI2O3 (PaO-,) 

10. The percentage of oxides obtained 
from the ammonium hydroxide precipi- 
tation of the first aliquot portion minus 
the percentage of oxides obtained from 
the cupferron precipitation of the second 
aliquot portion represents the percent- 
age of AI2O3 (P2O5). 

Determination of Ti02 and Zr02 

11, The percentage of oxides obtained 
from the cupferron precipitation, minus 
the percentage of Fe203 as determined 
on the separate sample, represents the 
combined percentage of Ti02 and ZrOa 
(V2O5). If desired, Ti02 and Zr02 may 
be determined by fusing the cupferron 
precipitate with K2S2O7, taking up the 
melt in diluted H2SO4 (1:9), and first 
determining titanium colorimetrically 
with H2O2 and then determining zirco- 
nium by precipitation as phosphate. 
If V2O5 is present, it imparts a reddish- 
brown color in the titanium test that is 
not dissipated by a drop or two of HF. 


Determination of CaO 

12. Evaporate to 100 ml. the reserved 
filtrate obtained in the AT-LDH precipi- 
tation in Section 7, and add (wo drops 
of methyl red (0,02 jicr cent) and 1 g. of 
oxalic acid. Heat the solut-i'.m In boil- 
ing, and slovvW add Nll.iCilf urilii the 
solution is alkaline. Digest, cool, filter 
on a small S. & S. Ku. 589 blue band, nr 
equivalent, paper, and wash the jirccipi- 
tate and paper with :i, cool, neutral 
solution of ammonium oxalate (O.J per 
cent). Acidify, and reserve the filtrate 
and washings. Transfer liie jirecipi- 
tate and paper to a platinum t'rucilfie 
(weighed with cover;, .and ignite. 
Moisten the oxide with a few drops of 
water, add 10 drops of diluted IlaSOi 
(1:9), and evaporate !(.• fl'-vTiCss. Heat 
the crucible and con lent. s to dull red- 
ness, cool, and weigh. Repeat the 
ignition until constant weight is ob- 
tained. The weight of tlie CaSO,} 
multiplied by 1.6476 represents the 
percentage of CaO. 

Determination of MgO 

13. Evaporate to 100 ml. the filtrate 
from the ammonium oxalate precipita- 
tion (Section 12). Cool the solution, 
and add 1 g. of (NH4)2HP04. Stir 
the solution vigorousty, slowly add 
NH4OH until the solution is alkaline, 
and then add 10 ml. of NH4OH. Allow 
the solution to stand overniglit. Filter, 
and wash with diluted KlLiOll (5:95j, 
Dry the precipitate and [taper in a 
platinum crucible (weiglied with enverj. 
char the paper slowly, ami burn off tlie 
carbon by gradually increasing the tem- 
perature. Cover the crucible, and ig- 
nite at 1000 to 1100 C. for .^0 min. 
Cool in a desiccator, and w'eigli. Repeat 
the ignition to constant weight. The 
weight of the Mg2P207 multiplied by 
1.4484 represents the [tercentage of 
MgO. 
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Determination of GaO and MgO (Alter- 
nate) 

14. If desired, the calcium and mag- 
nesium may be precipitated in the 
evaporated filtrate (Section 12) as fol- 
lows: Add from 1 to 3 g. of (NH4)2HP04 
dissolved in a few milliliters of water, and 
render the solution ammoniacah. Stir 
thoroughly to induce precipitation, add 
10 ml. of NH4OH, and allow to stand 
for 4 to 6 hr. Filter, and wash the 
precipitated phosphates with cool, 
diluted NH.jOH (5:95). Ignite the 
precipitate in a platinum crucible 
(weighed with cover), cool, and weigh 
as Ca3(P04)2 plus Mg2P207. Transfer 
the weighed residue to a small beaker 


and dissolve in a little diluted H2SO4 
(1:9), avoiding more than a 0.5 mi. 
excess. Add 25 ml. of 75 per cent ethyl 
alcohol and allow the solution to stand 
several hours, or overnight if the amount 
of calcium is very small. Filter, and 
wash the precipitate with 75 per cent 
ethyl alcohol. Dissolve the dry precipi- 
tate in a very little diluted HCi (1 : 9) and 
precipitate as oxalate in as small a 
volume of solution as possible. Filter, 
wash, ignite, and weigh the calcium as 
CaO. The magnesium is determined, 
by difference, by subtracting the weight 
of the Ca3(P04)2, as calculated from the 
weight of the CaO found, from the 
weight of the combined phosphates, 
and calculating the remainder to MgO, 
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A.S.T.M. Designation; C 169-43 
Adopted, 1943,^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 169; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) These methods for the chemical 
analysis of glass cover procedures for 
use in the referee analysis and in the 
routine analysis of soda-lime glasses 
containing the usual constituents of such 
glasses and not more than 0.5 per cent of 
fluorine, 2.0 per cent of barium oxide 
(BaO), 2.0 per cent of boric oxide 
(B2O3), 0.10 per cent of phosphorus 
pentoxide (P 2 O 6 ), 0.10 per cent of zinc 
oxide (ZnO), 0.05 per cent of antimony 
oxide (Sb 203 ), and 0.05 per cent of lead 
oxide (PbO). These methods do not 
preclude the use of other methods that 
yield results within permissible varia- 
tions. In any case, the analyst should 
check the procedure and technique that 
are employed by means of a National 
Bureau of Standards standard sample 
having a composition comparable with 
that of the material under test. A list 
of these standard samples is given in the 
Bureau’s Supplement to Circular C398. 

(b) The analytical procedures appear 
in the following order: 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.TJtf. 
Committee C-14 on Glass and Glass Products. 

® Prior to adoption as standard, these methods were 
published as tentative from 1941 to 1943, being revised in 
1943. 


Sections 

Procedures for Referee Analysis: 

Silicon Dioxide 6 

Ferric 0.xide 7 anti 8 

Determination of BaO, Al.O. -f I* 0 , C .(), 

and MgO 9 to 12 

Sodium Oxide and Poti'-sium O ide 13 to 17 

Boric Oxide 18 to 20 

Sulfur Trioxide 21 ami 22 

Procedures for Routine Analysis; 

Silicon Dioxide 2.5 

Determination of BaO, R.Oj, (.aO, M.(t, 

NasO, and KsO 24 to .51 

Boric O.xide 32 and H 

I'luorine 34 and .5.5 

Sulfur Trioxide .56 


Reagents 

2. (a) Purity of Reagents . — All re- 
agents shall be free of such amounts of 
impurities as would endanger the test 
in question. Reagents conforming to 
the specifications of the Committee on 
Analytical Reagents of the American 
Chemical Society are recommended. 
In all cases, blank determinations on all 
reagents used shall be carried through 
each step of the procedure and the final 
result corrected as may be indicated. 
The term “water” as used in these 
methods refers only to distilled water. 

(6) Concentration of Acids and Ani- 
monium Bydroxide . — Unless otherwise 
stated, the concentrated reagents, as 
furnished by the manufacturer, are to 
be used. For example, hydrochloric 
acid or HCl refers to acid of specific 
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gravity 1,19, sulfuric acid or H 2 SO 4 
refers to acid of specific gravity 1.84, and 
ammonium hydroxide or NH4OH refers 
to the reagent of specific gravity 0.90. 
Diluted acids and ammonium hydroxide 
are designated as follows: diluted HCl 
(5:95) means 5 volumes of the con- 
centrated acid of specific gravity 1.19 
diluted with 95 volumes of water, and 
diluted NH4OH (5 : 95) means 5 volumes 
of concentrated ammonium hydroxide 
of specific gravity 0.90 diluted with 
95 volumes of water. 

Filter Papers 

3. Throughout these methods, filter 
papers will be designated as “loose” or 
“tight,” without naming brands or 
manufacturers. “Loose papers” will 
mean the type of ashless papers that are 
generally used by analysts for filtering 
aluminum hydroxide or large amounts of 
silica. “Tight papers” will mean such 
ashless papers as are generally used by 
analysts for filtering barium sulfate. 

Preparation of Sample for Analysis 

4. The sample for analysis shall pass a 
No. 60 (250-niicron) sieve and shall be 
dried at 105 to 1 10 C, It should be 
noted that soda-lime glasses may absorb 
and fix carbon dioxide and water during 
the grinding process and in storage. If 
the composition of the unground glass is 
desired, determinations of the loss on 


ignition at 1000 C. shall be made on an 
appropriate piece of the unground glass 
and on the powdered sample. From the 
two results obtained, the amount of 
carbon dioxide and water absorbed by 
the powdered glass can be calculated 
and the proper correction shall be made. 


Probable Accuracy of Results 

5. (a) The probable accuracy of re- 
sults that can be expected by the use 
of the procedures described in Sections 6 
to 36 is shown in the following 
tabulation: 


Probable Accuracy of Results, per cent 
Referee 

Constituent Analysis Routine Analysis 


Si02 ±0.1 


FesOj 

BaO 

AlvOj + P2OS. . 

CaO 

MgO 

NaeO 

K>0 

B2O2 


±o.nos 
-0.02 
±0 05 
±0.05 
±0 05 
±0.2 
±0.03 
±0.03 
±0.03 


“R2O2". 


{ ±0. 1 in absence of B2O! 
+0.1 to +0.2 in presence of 
B2O3 

±0.05 


±0.05 

±0.05 

±0.05 

f±0.05 (Al'jOj less than 1 per 
1 cent) to ±0.1 (AhOa more 
1. than 1 per cent) 


(b) It is recommended that reported 
results be rounded off as follows: 


Number of 
Significant Figures 
Retained After 

Percentage Rounding 02 

1 to 100 3 

0.1 to 0.9 2 

0.01 to 0.09 1 or 2 

Under 0.01 1 

(c) Recorded results should be carried 

to one more significant figure than 

required in Paragraph ( 6 ). 


PROCEDURES FOR REFEREE ANALYSIS 


Silicon Dioxide 

Procedure 

6 . (a) Transfer 0.5000 g. of the pre- 
pared sample (Section 4) and 0.50 g, of 
Na^COa to a 75-ml, platinum dish,® and 

® Dishes such as are used in the determination of 
alkalies are satisfactory, but special long-lip 75-ml. 
dishes of platinum alloyed with 3.5 per cent of rhodium 
are preferable. 


intimately mix the contents by means of 
the flattened end of a glass rod. Brush 
the mixture into the center of the dish, 
flatten the charge so that it covers a 
space about 3 cm. in diameter, and then 
cover it as evenly as possible with an 
additional 0,50 g. of NaaCOs- Heat 
gradually at first (preferably over a 
low flame) and finally at the temperature 
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required to give a dear melt. Maintain 
at this temperature for 10 min. Remove 
the dish from the source of heat, and 
cover it to prevent loss of small pieces 
of the solidified melt that might be 
ejected during cooling. A platinum 
cover may be used during the fusion, 
but this is not necessary, since no 
spattering occurs. 

(&) Add 20 ml. of diluted HCl (1:1) to 
the cooled melt, cover the dish, and 
digest on the steam bath until disinte- 
gration is complete. If desired, the 
cooled melt may be digested in water 
before the acid is added. The action of 
the acid can be hastened by occasionally 
crushing the layer of insoluble matter 
that tends to cover the imattacked 
portion of the fused mass. As soon as 
disintegration is complete, crush all 
flakes of solid matter with the flattened 
end of a glass rod. Evaporate to 
dryness on the steam bath, cool, drench 
the dry residue with 5 ml. of HCl, and 
then add 15 ml. of warm water. Digest 
on the steam bath for a few minutes, 
and filter through a loose 9-cm. filter 
paper. Wash the dish, residue, and 
filter paper with ten 3-ml. portions of 
hot diluted HCl (2:98), but make no 
attempt to transfer aU of the residue 
from the dish to the paper. Place the 
filter containing the residue in the 
platinum dish in which the fusion and 
dehydration were made, and evaporate 
the filtrate to dryness on the steam bath 
in another dish, preferably of platinum. 
Pleat the residue at 105 to 110 C, for 
15 min. Cool, drench the dry residue 
with HCl, dilute, filter tlirough a small, 
tight filter paper, and wash as before. 
Transfer all the residue obtained in the 
second dehydration to the paper, and 
then place this paper with the paper 
containing the fmst residue in the 
platinum dish in which the fusion was 
made. 

(c) Ignite the contents of the dish 


slowly at first and finally at approxi- 
mately 600 C. until the carbon is gone. 
Add 3 or 4 drops of diluted II 2 SO 4 (1 : 1) 
if a high iionsilica residue is expected, 
and ignite slowly at first and finally for 
30 min. to 1 hr. at 1200 C. Cool in a 
desiccator, and weigh. Repeat ignition 
to constant weight. Treat the ignited 
residue with a few drops of Oiluteil 
H2SO4 (1:1) and about 10 ml. of liF. 
Evaporate the volatile constilueuts mi 
the steam bath, drive off the H-SC^, b >' 
heating over a free flame, and finally 
ignite the residue for 1 to 2 min. at 12(i0 
C. The difference between the lir.st and 
second weights, with a proper correction 
for a blank for the reagents, represents 
the weight of SiOa in the sample. 

(d) Calculalion, — Calculate the per- 
centage of Si02 as follows: 

SiO*, per cent = \vt. of Si02 X 2(X) 

Note. — T he small amounts of fluorine tluit 
may be present in these glasses may cause a 
small Imt negligible negative error in the results 
for Si02, and the B2O3 may cause tt small but 
negligible positive error. 

Ferric Oxide 

Reagents 

7. {a) Potassium Dichromate (0.005 
iV). — ^Recrystaliize, three times, the 
purest grade of KaCrsO? obtainable. 
Dry the crystals at 150 C., grind to a 
fine powder, and dry at 200 C. until 
constant weight is attained. Dissolve 
2.4516 g. of the recrystallized salt in 
water and dilute to exactly 10 liters. 
One milliliter of exactly 0.005 N K'jCr.jOl 
represents 0.000399 g. of Fe^Oa. 

(b) Statvnous Chloride Solution. — Dis- 
solve 150 g. of SttCl2 -21-120 in 100 ml. of 
HCl and dilute to 1000 ml. with water. 
Keep a few pieces of metallic tin in the 
botRe. 

Procedure 

8. Transfer 10 g. (Note) of the pre- 
pared sample (Section 4) to a 200-ml. 
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platinum dish. Moisten the sample 
with water, and add 50 ml, of diluted 
H 2 SO 4 (111). Add cautiously 100 ml. of 
HF, mix thoroughly by stirring with a 
platinum rod or spatula, and evaporate 
to about 30 ml. on a steam or sand bath. 
Add SO ml. of HF and evaporate to 
fumes of H 2 SO 4 . To the gently fuming 
solution, add cautiously, drop by drop, a 
few drops of HNO 3 to destroy organic 
matter. Cool, rinse the walls of the 
dish with water, and again heat to strong 
fumes of HoSO,! in order to expel all 
HNO 3 . Cool the dish and contents, 
and add 100 ml. of water. Heat until 
soluble salts are in solution, and add 
strips of iron-free magnesium ribbon to 
precipitate platinum introduced during 
the decomposition of the sample. The 
treatment with magnesium may be 
done conveniently by wrapping the 
ribbon around the end of the glass 
stirring rod. The addition of sufficient 
magnesium is indicated w-hen the ferric 
iron has been completely decolorized. 
After all the magnesium has been dis- 
solved, boil for a few minutes, filter if 
platinum has separated, and wash the 
paper with hot water. Adjust the 
volume to 50 ml. Oxidize any reducing 
substances that may be present by 
adding 0.1 N K.Mn 04 until a permanent 
pink coloration is produced. Add 50 
ml. of HCl, heat to boiling, and reduce 
the iron witli the minimum amount of a 
solution of SnCb. Titrate electrometri- 
cally with standard 0.005 N K 2 Cr 207 , 
using a Roberts electrometric titration 
apparatus^ or equivalent to determine 
the potential. The volume of standard 
K 2 Cr 207 necessary to effect oxidation 
of the ferrous iron is the volume required 
in passing from the first point of inflec- 
tion as shown by the potentiometer 
reading, which indicates the oxidation 

C. Hostetter am! H. S. Roberts, “Electroinettic 
Titrations, witli Special Reference to the Determination of 
Ferrous and herr'ic Iron,” Journal, Am. Chemical Soc., 
VoL 41, p, 1337 “Electrometric Determination of 

Iron,” Journal, Am. Ceramic Soc., Vol. 10, April, 1927 
(p. 100 of the BuUelm). 


of residual SnCb and initial oxidation of 
the ferrous iron, to the second point of 
inflection, which indicates the complete 
transformation of the iron to the ferric 
condition. The points of inflection are 
best determined by means of a graph in 
which the volumes of K 2 Cr 207 used are 
plotted against the resulting electro- 
motive force. 

Note. — ^This procedure is satisfactory for 
determining iron up to a total of 10 mg. of 
Fe 203 . For larger quantities, the size of the 
sample should be so reduced that the 10 mg. 
is not exceeded. This may be accomplished by 
using a smaller sample of the glass, or preferably, 
by taking an appropriate aliquot portion of the 
solution obtained after decomposition of the 
10-g. sample. 

Determin.ation of BaO, AI 2 O 3 -b P2O5, 
CaO, AND MgO 

Preparation of the Solution and De- 
termination of BaO 

9. (u) Transfer 2,50 g. of the prepared 
sample (Section 4) to a 250- to 300-ml. 
platinum dish. Thoroughly moisten the 
sample with 20 ml. of diluted H 2 SO 4 (1:1) 
and add slowly, while stirring constantly 
with a platinum rod or spatula, about 
30 ml. of HF. Evaporate to fumes of 
H 2 SO 4 , and add a few drops of HNO3 to 
the hot solution to destroy organic 
matter. Repeat the hydrofluoric acid 
treatment, using 20 ml. of HF. When 
the acid is fuming strongly, cool the 
dish and contents, rinse the walls of the 
dish with water, repeat the evaporation 
to fumes of H 2 SO 4 , and continue the 
fuming for 10 min. Cool, add 250 ml. of 
diluted HCl (1:99), and heat until 
soluble salts have dissolved. Cool, and 
allow to stand 2 hr. or longer. Filter 
through a tight paper, wash the residue 
and paper wuth hot water, and reserve 
the filtrate and w’ashings. Ignite the 
insoluble residue in platinum, fuse with 
3 g. or less of Na^COs, and leach the melt 
with hot water. Filter through a loose 
paper, wash with hot water, and reserve 
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the filtrate and washings. Dissolve the 
insoluble matter in the crucible, in the 
beaker, and on the filter paper in 25 ml. 
of hot diluted HCl (5:95). Wash the 
beaker, crucible, and filter thoroughly 
with hot water, dilute the solution to 
200 ml., heat to boiling, and add 4 mi. 
of diluted H2SO4 (1:1). Digest on the 
steam bath for about 1 hr., cool, and 
allow to stand 2 hr. or longer. Filter 
through a tight paper, and wash thor- 
oughly with hot water. Reserve the 
filtrate and washings. Ignite the pre- 
cipitate slowly in a porcelain or platinum 
crucible until the carbon is burned; then 
heat at about 1000 C. for 15 min. Cool 
in a desiccator and weigh. 

(6) Calculation . — Calculate the per- 
centage of BaO as follows: 

BaO, per cent = wt. of BaSOi X 26.28 
Determination of AI2O3 + P2O6 

10. (a) Combine the three reserved 
filtrates (Section 9 (a)) (from the first 
precipitation of BaSO^, from the leaching 
of the sodium carbonate fusion, and 
from the second precipitation of BaS04). 
Neutralize the excess acid with NH4OH 
and then add 3 ml. of HCl. Adjust the 
volume to 300 ml. and saturate the 
solution with HoS. Digest, preferably 
overnight, filter through a tight paper, 
wash with diluted H2SO4 (1:99) satu- 
rated with H2S, and discard the sulfide 
precipitate. Boil the filtrate to expel 
H2S, oxidize with bromine water, boil 
off the excess of bromine, and precipitate 
with NH4OH, using methyl red as the 
indicator. Filter, and allow the solution 
to drain. Reserve the filtrate. Trans- 
fer the paper and precipitate to the 
beaker, and add 10 ml. of diluted HCl 
(1:1). Stir the paper to a pulp, warm 
until the hydroxides are dissolved, and 
add 150 ml. of water. Heat the solution 
to boiling, and precipitate with NH4OH 
as before. Filter, and wash the paper 
and precipitate thoroughly with a hot 


neutral solution of NHtCl (2 per cent). 
Combine the two filtrates, acitlify, aiid 
reserve them for the determination of 
calcium and magnesium (Secticjiis 11 
and 12). Transfer the jjaper and pre- 
cipitate to a 400-mL beaker, and arid 
20 ml. of HNO3 and 10 ml. of H^SO-. 
Cover, heat cautiously until the solution 
begins to blacken, and then add HNOs 
drop by drop, allowing each dni]) to flow 
down the beaker wall, until all car- 
bonaceous matter has been di“stroyi-<l. 
Heat to strong fumes of cool, 

rinse the cover glass an<i beaker walls, 
and again heat to fumes of Ifi'SO.!. 
Cool, add 150 ml. of water, and heat to 
dissolve any anhydrous sulfates. Cool 
the solution, transfer to a 200-ml. 
volumetric flask, and dilute to the mark. 
Mix thoroughly, and divide the solution 
into two 100-ml. aliquot portions. 

(fi) Determination of Ah(\, 

FetOi, TiOti ZrO'i, and ViOa (If the 
glass contains chromium, Cr^Ch H'iil be 
included here ). — Dilute one of the 100- 
ml. aliejuot portions to 250 ml., heat to 
boiling, and precipitate with Nil. *011, 
using methyl red as the indicator. 
Filter, and' wash paper and jjrecipitate 
thoroughly with a hot, neutral solution 
of NFDNOs (2 per cent). Discard the 
filtrate. Ignite the paper and pre- 
cipitate in a platinum crucible weighed 
with cover. Moisten the ignited residue 
with water, then add 5 to 10 drops of 
diluted H2SO4 (1:1) and 5 ml. of HF. 
Evaporate to expel the e.xcess of acids, 
and gradually increase the temperature 
until all FI2SO4 has been expelled and the 
sulfates decomposed. Cover the cruci- 
ble and ignite at approximately 1100 C. 
Cool over a good desiccant, and weigh. 
Repeat the ignition until constant weight 
is obtained. The weight of the oxides 
multiplied by 80 represents the com- 
bined percentages of AI2O3, P2O5, FeaOs, 
Ti02, ZrOa, V2O5, and CraOs. 

(c) Determination of FezOs, TiOt, ZrO%, 
and F2O6.— Dilute the other lOO-ml. 
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aliquot portion (Paragraph (a)) to 200 
ml., add 15 mi. of H2SO4, and cool the 
solution to 10 C. Add slowly, while 
stirring constantly, a cold solution of 
cupferron (6 per cent) until no further 
precipitation occurs. (Prepare the cup- 
ferron solution by dissolving 6 g. of 
cupferron reagent in cold water imme- 
diately before use. Filter, and use the 
clear solution.) Stir in a little macer- 
ated filter paper, allow the precipitate to 
settle, filter through a tight paper, and 
wash the paper and precipitate thor- 
oughly with cold diluted H2SO4 (1:9) 
containing 1.5 g. of cupferron per liter. 
Drain the paper and precipitate, and 
transfer to a platinum crucible weighed 
with cover. Dry the precipitate cau- 
tiously at about 60 C., and ignite slowly 
until all carbonaceous matter is de- 
stroyed. Cool the crucible, and treat 
with 1:12804 and liF to remove any 
Si02. Evaporate to dryness and then 
ignite at approximately 1100 C. Cool 
over a good desiccant, and weigh. 
Repeat the ignition until constant weight 
is obtained. The weight of the oxides 
multiplied by 80 represents the com- 
bined percentages of FejOs, Ti02, ZrOa, 
and V2O&. 

(d) Determination of AWz -f- P2O5. — 
The percentage of oxides obtained from 
the ammonium hydroxide precipitation 
of the first aliquot portion (Paragraph 
(5)) minus the percentage of oxides 
obtained from the cupferron precipita- 
tion of the second aliquot portion 
(Paragraph (c)) represents the per- 
centage of AI2O3 + P2O5. Chromium is 
not precipitated by cupferron and will 
be counted with the AI2O3 + P2O6 if 
the glass contains chromium. 

If the glass contains P2OB, some of it 
will be found in the ignited oxides 
obtained in accordance with Paragraph 
(5). To test for P2OB, fuse the ignited 
oxides with NaaCOs, dissolve the cooled 
melt in diluted HNOa, and add molyb- 


date reagent. If a precipitate of phos- 
phomolybdate appears, filter, determine 
the P2O5 by the customary alkali- 
molybdate method, and deduct from the 
weight of the ignited AI2O3 -p P2O5. 

Determination of CaO 

11, (fl) Evaporate to 150 ml. the 
acidified and combined reserved filtrates 
obtained in the NH4OH precipitations 
(Section 10 {a) ) and transfer to a 200-ml. 
volumetric flask. Dilute to the mark 
and mix thoroughly. To a lOO-ml. 
aliquot portion add two drops of methyl 
red (0.02 per cent) and 1 g. of oxalic 
acid. Heat the solution to boiling, and 
slowly add NH.1OH until the solution is 
alkaline. Digest for 1 hr. on the steam 
bath, cool to room temperature, filter 
on a small, tight paper, and wash the 
precipitate and paper two or three times 
with a cool, neutral solution of am- 
monium oxalate (0.1 per cent). Reserve 
the filtrate and washings. Return the 
paper and precipitate to the precipitating 
vessel, add 10 ml. of diluted HCl (1:1), 
and stir the paper to a pulp. Dilute the 
solution to 200 ml., and add 0.2 g. of 
oxalic acid. Heat the solution to boil- 
ing, and slowly add NH4OH until the 
solution is alkaline. Digest, filter, and 
wash as before. Combine the filtrate 
and washings with the reserved filtrate 
and washings, and acidify with HCL 
Transfer the paper and precipitate to a 
platinum crucible (weighed with cover), 
and heat until carbon has been de- 
stroyed. Cover tightly, ignite for about 
5 min. at 1200 C., cool over a good 
desiccant, and weigh as CaO. The 
crucible should be reheated and the 
weight checked because of possible 
absorption of moisture and CO2 during 
the first weighing. 

ih) Calculation . — Calculate the per- 
centage of CaO as follows: 

CaO, per cent = wt. of CaO X 80 
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Determination of MgO 

12. (a) Evaporate to 150 to 200 ml. 
the filtrates from the ammonium oxalate 
precipitations (Section 11(a)). Cool the 
solution, and add 1 g. of (NH4)2HP04. 
Stir the solution vigorously, slowly add 
NH4OH until the solution is alkaline, 
and then add 10 ml. of NH4OH. Allow 
the solution to stand 4 hr. or overnight. 
Filter through a tight paper, wash the 
beaker, paper, and precipitate moder- 
ately with diluted NH4OH (5:95), and 
discard the filtrate. Place the beaker 
under the funnel, and dissolve the 
precipitate in 25 to 50 ml. of hot, 
diluted HCl (1:9). Add 0.1 g. of 
(NH4)2HP04) dilute to 75 ml., cool, and 
then add NFIiOH drop by drop, while 
stirring constantly, until the solution is 
alkaline. Finally add 5 ml. in excess, 
and let stand 4 hr. or overnight. Filter 
through a tight paper, transfer all the 
precipitate to the paper, and wash with 
cool diluted NH4OH (5:95). Dry the 
precipitate and paper in a platinum 
crucible (weighed with cover), char the 
paper slowly, and burn off the carbon by 
gradually increasing the temperature. 
Cover the crucible, and ignite at 1000 to 
1 100 C. for 30 min. Cool in a desiccator, 
and weigh. Repeat the ignition to 
constant weight. 

(5) Calculation . — Calculate the per- 
centage of MgO as follows: 

MgO, per cent = wt, of Mg2P*07 X 29.0 
Sodium Oxide and Potassium Oxide 
Reagents 

13. (a) Ammonium Chloride . — ^The 
reagent grade of NH4CI is satisfactory 
if a test shows that 1 g. 3delds not more 
than 0.1 mg. of nonvolatfie residue when 
the NH4CI is volatilized by heating and 
the residue is ignited at 700 to 800 C. 
If the reagent grade is not satisfactory, 
sublime it slowly, crush the sublimed 
material in an agate mortar, and store 


the fine powder in a well-stoppered 

bottle. 

(6) Calcium Carbonate . — The reagent 
grade of CaCOa is usually unsatisfactory. 
Dissolve the purest CaCOa obtainable 
in diluted HCl (1:3), precipitate with 
NH4OH and (NH 4 ) 2 C 03 , wash thor- 
oughly with hot water, dry at about 
105 C., and store in a well-stoppered 
bottle. 



(c) Chloro'platinic Acid Solution.— 
Dissolve 15 g. of chloroplatinic acid 
(HaPtCle-dHaO) in 50 ml. of water 
containing 5 nil. of diluted HCl (1:1). 
One milliliter will contain about 0.1 g. of 
platinum; 1.31 ml. of such a solution is 
required for 0.1 g. of HCl, and 1.68 ml. 
for 0.1 g. of NaCi. 
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Apparatus 

14, Platinum Crucible.^ — h. platinum 
crucible of suitable size for treating 
0.5 g. of sample is 8 cm. in length, 1.8 
cm. in diameter at the mouth, and 1,5 
cm. in diameter at the bottom, and has a 
weight of about 25 g. The crucible and 
the chimney to hold, it are shown in 
Fig. 1. 

Determination of KaCl and KCl 

15. (a) Transfer 0.5000 g. of the 
prepared sample (Section 4) and 0.50 g. 
of NH4CI to a large, smooth agate 
mortar placed on a piece of glazed 
paper. Grind with a pestle until the 
sample and the Nli^Ci are thoroughly 
mixed. Next add, in several portions, 
nearly all of 4 g. of CaCOs, and mix very 
thoroughly in the mortar. Line the 
bottom of the crucible with a little of 
the CaCOs, and transfer the mixture to 
the crucible by the aid of a, spatula 
having a blade that is somewhat flexible 
and not too broad. Use the rest of the 
CaCOs for rinsing the mortar and pestle, 
and transfer the rinsings also. All this 
should be done over the piece of glazed 
paper. 

(6) Cap the crucible, tap it gently to 
make the powder settle, and place it in 
an inclined position in a clay cylinder 
(Fig. 1) or through a hole in a piece of 
stout asbestos board clamped at a slight 
angle. Heat the part within the cylinder 
or projecting through the board by a 
fishtail flame placed considerably be- 
neath the crucible. Continue gentle 
heating for about 15 min., or until the 
odor of ammonia is no longer perceptible. 
Do not heat so that NFUGl escapes. 
Replace the flame by one or two burners 
of any type that wiU give the proper 
temperature, and heat at about 1000 C. 
for 30 to 60 min. 

(c) Cool, transfer the sintered cake 
to a 12“Cm. porcelain dish, pour hot 


water into the crucible, and digest until 
all remaining matter can be washed out 
or until it is thoroughly extracted. In 
most instances, the entire sintered cake 
can be loosened from the crucible by 
lightly tapping. Slake the cake in the 
dish with 1 to 2 ml, of water at first, 
then add 50 ml. mmre, until thoroughly 
disintegrated. If the cake clings to the 
crucible, the slaking must be done 
without removing it. When the cake 
has disintegrated and the solution is 
saturated with Ca(OIi)2, filter by de- 
cantation upon a 9-cm. filter and let the 
filtrate run into a capacious dish, 
preferably of platinum. Keep as much 
as possible of the residue in the porcelain 
dish. Add 50 ml. more of hot water, 
break up any lumps by gentle pressure 
with a pestle, let settle, and again 
decant. Repeat the extraction at least 
three more times. Wash the residue in 
the paper and dish with a saturated 
solution of Ca(OH)2 free of sodium and 
potassium. The final residue, which is 
to be discarded, should dissolve com- 
pletely in HCl and will contain very 
little, if any, alkalies if ' the work has 
been carefully done. 

{d) To the filtrate and washings, add a 
few drops of NH4OH and then an excess 
of solid (NH4)2C03. The presence of an 
excess can be determined by allowing 
the precipitate of CaCOs to settle and 
then adding small pieces of (NFDaCOs 
and noting whether further precipitation 
takes place. Heat until effervescence 
ceases, and boil carefully for at least 
3 min. to expel CO 2 . Rinse and remove 
the cover, filter into a I-liter casserole, 
and wash the dish, paper, and residue 
with five 10-ml. portions of hot water. 
Reserve the filtrate. Dissolve the pre- 
cipitate in as little diluted FICI (1:4) 
as possible, and reprecipitate with 
(NH4)2C03 as before. Filter, and add 
the filtrate to the reserved filtrate. 
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(e) Evaporate the combined filtrates 
to dryness, and heat gently to remove 
ammonium salts. Dissolve the residue 
in 25 ml. of water, add a few drops 
of NH4OEI, heat to boiling, add 
(NH 4 ) 2 C 204 -H 20 (saturated solution) 
until an excess of about 5 drops is 
present, and let stand for 2 hr. or 
preferably overnight.^ Filter through 
a tight paper to remove the calcium 
oxalate, catch the filtrate in a 100-ml. 
platinum dish, and wash paper and 
residue with a cold 0.1 per cent solution 
of (NH4)2C204-H20. 

(/) Evaporate the filtrate and wash- 
ings to dryness, cover the dish, and heat 
at 110 to 120 C. Cautiously ignite, 
with cover on at first, until ammonium 
salts have been volatilized. Cool, rinse, 
and remove the cover glass, and dissolve 
the residue in a little water. Add a few 
drops of HCl to decompose any alkali 
carbonate that may have been formed 
by action of the ammonium oxalate 
during the ignition. Again evaporate 
to dryness. Add 5 ml. of HCl and 5 ml. 
of methyl alcohol. Cautiously evapo- 
rate to dryness to drive off any boron 
that may be present. Cover the dish, 
heat in an oven at 135 to 140 C., and 
ignite very gently (until salts just begin 
to melt) to constant weight. 

(g) Dissolve the salts in hot water, filter 
through a small ashless filter paper, and 
wash with hot water. Ignite the paper 
in the dish, cool, weigh, and subtract 
the second weight from the first in order 
to obtain the weight of NaCl KCl. 

Determination of K 2 O 

16. (a) The following procedure shall 
be carried out in an atmosphere free of 
ammonia and the fumes of ammonium 

5 If the material contaias sulfates, these must be re- 
moved by adding a slight excess of BaCb solution (10 per 
cent) to the water solution of the residue, heating to boil- 
ing, letting settle, and filtering. In this case, the solution 
must be treated with NH4OH and (NH4I2CO3 and filtered 
in order to remove the excess of bariiun before the am- 
monium oxalate is added. 


salts: Dissolve the mixed chlorides (Sec- 
tion 15) in a little water, transfer to a por- 
celain dish, and add enough chloroplatinic 
acid to react with all of both the sodium 
and the potassium. Evaporate on the 
steam bath until the solution is syrupy 
but solidifies on cooling. Do not evapo- 
rate to diyness. Cool, drench the residue 
with ethyl alcohol (80 per cent by 
volume), and filter by decantation 
through a small paper. Wash hy de- 
cantation with more of the alcohol, 
crushing the crystals with a small pestle 
or the widened and rounded end of a 
short glass rod. Dry the dish and paper 
to remove adhering alcohol completely. 

(b) Dissolve the precipitate on the 
paper in hot water, catching the solution 
in a weighed platinum crucible or small 
platinum dish. Evaporate to dryness, 
and add the salt that is still in the 
porcelain dish. If the residue is large 
and lumpy, redissolve in water, and 
again evaporate to dryness. Cover and 
heat for 1 hr. at 130 C. in an oven 
(100 C. suffices for very small amounts 
of fine-grain precipitate). Cool, and 
weigh as KnPtCle. Multiply by 0.194 
to obtain the weight of KaO and by 
0.307 to obtain the corresponding 
weight of KCl. 

Determination of NaaO 

17. Calculate the weight of sodium 
oxide by subtracting the weight of KCl 
obtained in Section 16 from the weight 
of NaCl -f- KCl, and multiplying the 
remainder by 0.530. 

Boric Oxide 

Apparatus 

18. The apparatus, shown in Fig. 2, 
shall consist of the following: A, a 
U-tube containing mercury, used as a 
safety trap; B, a SOO-ml. round-bottom 
distilling flask for methyl alcohol, con- 
taining a capillary “boiling tube” of 
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3-mm. bore, the bore being sealed 10 
mm. from the lower end; C, a 300-ml. 
round-bottom flask; D, a No. 4 (360- 
ml.) casserole; £, a glass condenser; F, a 
200-ml. Erlenmeyer flask; and G, a 
U-tube containing water to prevent the 
escape of uncondensed methyl borate. 
The tube leading into flask C shall be 
flared slightly to avoid plugging by 
separated salts. The apparatus shall be 
assembled with glassware and tubing 
resistant to heat and chemicals.® 


(e) Calcium Chloride. — Reagent grade, 
granular (S-mesh), anhydrous. 

(/) Boric Acid {0.1 N). — Fuse pure 
boric acid in a platinum dish. While 
still warm, crush the melt and quickly 
place the fragments in a weighing tube. 
Dissolve 3.482 g. in 500 ml. of hot, 
recently boiled distilled water, cool, and 
dilute to exactly 1000 ml. Each milli- 
liter of the solution contains 0.003482 g. 

of B2O3. 

(g) Sodium Hydroxide {approximately 



Reagents 

19. (a) Methyl Alcohol. — Alcohol free 
of boric acid and volatile organic 
acids shall be used. The more nearly 
anhydrous the alcohol, the better. 

{b) M a finite. — Reagent grade, neutral, 
(c) Phenolplithalein Indicator. — Dis- 

solve 1 g. of phenolphthalein in 60 ml, of 
ethyl alcohol and dilute to 100 ml. with 
water. 

id) Methyl Red Indicator. — Dissolve 
0.1 g. of methyl red in 60 ml. of ethyl 
alcohol and dilute to 100 ml. with water. 


8 Pyrex glass or Kimble Glass No. NSla i_s satis- 
factory for this purpo.se. See Industrial and Engincerins 
Chemislry (Anal. Ed.), Vol. 13, p. 419 (1941). 


0.1 N). — Prepare the solution, as free of 
carbonates as possible, by diluting 6.5 
ml. of a clear 50 per cent solution of 
NaOH with 1 liter of recently boiled 
distilled water. Standardize by titrating 
against the standard solution of boric 
acid exactly as described in Section 20. 

(h) Hydrochloric Acid {approximately 
0.1 N). — Prepare an approximately 0.1 iV 
solution free of COg. 

Procedure 

20. (a) Mix 0.5000 g. of the prepared 
sample (Section 4) with exactly two 
times its weight of Na 2 COs, and heat in a 
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platinum crucible until a clear melt is 
obtained. Without removing it from 
the crucible, decompose the melt with 
diluted HCl (1 : 1) in calculated amount 
and added in small portions so as to 
avoid excessive frothing. Wliile this is 
being done, the crucible should rest in a 
casserole, and the lid should be kept in 
place as much as possible. Toward the 
end, it may be necessar}'" to heat a little, 
but care should be taken not to boil, 
since boric acid would be lost with the 
steam. Pour the solution into the flask 
C, Fig. 2, and rinse the crucible with a 
very small quantity of -water. 

(b) Add pure anhydrous CaClg, using 
about 1 g. for each milliliter of solution 
and dropping it through a paper funnel 
to keep the neck of the flask clean. 
Swirl the contents of the flask to allow 
the CaCla to take up the water. Con- 
nect the flask to the apparatus, as 
shown in Fig. 2, and raise the casserole 
until the flask dips into the water but 
does not touch the bottom. Begin the 
distillation of alcohol from i?, taking 
care that the “boiling tube” is function- 
ing properly. After about 25 ml. of 
alcohol have condensed in C, heat the 
casserole with a small flame, keeping it 
hot enough to prevent condensation in 
the flask. When a distillate of 150 ml. 
has collected in flask F, replace the flask 
with an empty one, and continue the 
distillation. 

(c) Add 1 drop of the phenolpiithalein 
solution and 2 or 3 pellets of solid NaOH 
(about 0.25 g.) to the first distillate, 
stopper, and swirl until the NaOH has 
dissolved. The solution should be defi- 
nitely alkaline; if not, add more NaOH. 
Transfer the contents of the flask to a 
platinum dish and heat gently on a steam 
bath to remove alcohol. Meanwhile a 
second distillate of 150 ml. wiU have 
collected. Add the contents of the 
protecting U~tube, make alkaline as with 
the first distillate, and transfer the 


solution to the platinum dish. Evapo- 
rate to dryne.3s and dissolve the residue 
in about 10 ml. of hot water. 

(d) Transfer the solution to a 200-ml. 
Erlennieyer flask, and rin.=;c with a 
minimum of hot water, dlic volume 
now should not exceed 25 ml. Add 5 
drops of the methyl red solulion (parani- 
trophenol may be siilLstiiUtcd if fle.-ired) 
and then diluted HCl (1 : 1’? droji by ilrop 
until the solution is a('id, taking care 
not to add more tliaii 1 droj) in excess. 
Heat quickly to Imiling and conlinue the 
boiling for 15 sec. Co(»l, autl 5 drops of 
the phenolphthalein solution, and tlien 
drop by drop, add 0.1 A' XaCH, until 
the red tint of the methyl red is dis- 
charged. One drop of 0.1 .V 11 Cl 
should restore the color, and 1 drop of 
0.1 W NaOFI should discharge it. Now 
add 1 g. of mannite, note tlic;* reading of 
the burette, and titrate until th.c |.>!u‘nol- 
phtlialein end point aj^jwa.r.s. Agai]-i 
add 1 g. of mannite and, if I lie color 
disappears, continue the titration until 
the color returns. Cont iiuu? this {.irocess 
until the addition of 1 g. of mannite does 
not discharge the phenol{:)hthalein end 
point. 

(e) Calculation . — Correct the volume 
of 0.1 N NaOH required in passing 
from the methyl red end point to the 
phenolphthalein end point b}’’ sub- 
tracting the volume required in a blank 
run. Calculate the percentage of B^Og 
as follows: 

B 2 O 3 , per cent = VA X 200 

where: 

V = corrected volume in milliliters of 
NaOH solution required for 
titration from the methyl red 
end point to the plienol- 
phthalein end point, and 

A = B2O3 equivalent of the NaOH 
solution. 

Note. — Results are likely to be low by 0.05 
to 0.10 per cent in glasses containing 1 to 2 per 



Chemical Analysis op Soda-Lime Glass (C 169-43) 


349 


cent of B'iO.i unless the boron in the residue in 
the distilling flask is recovered. To make this 
recovery, the residue in the flask must be 
filtered off, \vashed moderately with water, 
ignited, fused, carried through the procedure, 
and the result corrected for the blank on the 
reagents. 

Sulfur Trioxide 

Reagent 

21. Barium Chloride Solution (10 per 
cent ). — Dissolve 100 g. of BaCl2-2H20 in 
1000 ml. of water, allow to stand for 
24 hr., and filter if the solution is not 
clear. 

Procedure 

22. (a) Transfer 5.00 g. of the pre- 
pared sample (Section 4) to a platinum 
dish, and add 25 ml. of water and 50 ml. 
of HF. Digest for 15 min. on the steam 
bath, and add 1 ml. of HNO3, 15 ml. of 
HCIO4 (60 per cent), and 0.2 g. of 
Mg(N0;j)2-6H«0. Evaporate on the 
steam bath until the HNO3 and HF have 
been volatilized, and then heat on a hot 
plate at a low temperature so that light 
fumes of HCIO4 are evolved for about 
5 min. Cool, wash the inside surface 
of the dish with a jet of water, and add 
10 ml. of HCIO4 (60 per cent). Heat on 
a hot plate at a low temperature until 
nearly all of the HCIO4 has been 
evaporated. 


(b) Cool, add 25 ml. of diluted HCl 
(5:95), and digest on the steam bath for 
15 min. Add 150 ml, of hot water and 
10 ml, of BaCl2 solution. Digest on the 
steam bath for 1 hr. or more, and allow 
to stand at room temperature for 2 hr. or 
overnight. Filter through a tight paper, 
and wash with hot diluted HCl (1:99). 

(c) Ignite the paper and precipitate 
slowly in a platinum crucible until ail 
carbon is eliminated. Cool, and fuse 
the residue with 3 g. of Na2C03. Dis- 
solve the cooled melt in a small excess of 
diluted HCl (1:3), and digest the acid 
solution on the steam bath for 15 min. 
Then neutralize the excess acid with 
NFLOH, using litmus as the indicator. 
Add 1 ml, of HCl, dilute the solution to 
100 ml., heat to boiling, and add 5 ml. of 
EaCh solution. Digest on the steam 
bath for 1 hr,, and allow to stand at 
room temperature for 2 hr. or overnight. 
Filter, and wash as before. Ignite the 
paper and precipitate slowly at first 
until the carbon is eliminated, and 
finally at 1000 C. for 30 min. Cool and 
weigh. 

(d) Calcidaiion . — Calculate the per- 
centage of SO3 as follows: 

SO3, per cent = wt. of BaSOi X 6.86 


PROCEDURES FOR ROUTINE ANALYSIS 

These procedures for routine analysis admit of considerable variation, especially as regards the 
preparation of a master solution and the use of aliquot portions for several of the constituents. 
The procedures are designed for use under average laboratory conditions where it may be assumed 
that (a) several samples are to be analyzed simultaneously, with only a moderate supply of platinum 
ware, ib) all determinations are to be completed within one working day, and (c) the accuracy need 
not quite equal that obtainable with the referee methods. 

Under certain conditions it may be of advantage to modify one or more of the steps in the pro- 
cedure. For example: 

(i) If the supply of platinum ware is not a factor, and if certain of the determinations are desired 
in a minimum of time, separate samples (0.1 g. and 0.5 g., respectively) may be decomposed for 
NaaO and K 2 O. In that case, a third sample (1.0 g.) is taken for BaO, RaOs, etc., and here decom- 
position may be effected by either HF and HCIO 4 or HF and HaSOi, as desired. Under these con- 
ditions it becomes unnecessary to prepare a master solution, and it is possible to complete several 
of the determinations in an unusually short period of time. 
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(2) With glasses. containing very small quantities of elements such as barium or aluminum, greater 
accuracy may be obtained by the use of a larger sample (2 g. or more), and the filtrate may be di- 
luted to a definite volume at any desired point in the analysis and a suitable aliquot portion taken 
for the remainhig determinations. 


Silicon Dioxide 

Procedure 

23. (a) Intimately mix 0.5000 g. of 
the prepared sample (Section 4) with 
1 g. of Na 2 C 03 in a 75-ml. platinum 
evaporating dish. Heat gradually at 
first over a flame, or in a muffle, and 
finally at a temperature high enough to 
give a clear melt. Allow the melt to 
solidify in a thin layer covering the 
bottom of the dish. Add about 10 ml. 
of diluted HNO 3 ( 1 : 1 ), and place the 
dish (covered) on a steam bath until all 
of the carbonates are decomposed. 
If desired, the cooled melt may be di- 
gested in water before the acid is added. 
Remove the dish, rinse the cover glass 
with a small quantity of water, and 
allow the solution to evaporate to 
dryness. Add 10 to 15 ml. of HCIO 4 
(60 per cent), and transfer the dish to a 
hot plate at about 200 to 220 C. Heat 
until fumes are evolved freely, then 
cover with a watch glass, and allow 
fuming to continue for 20 min. Suffi- 
cient HCIO 4 should be present to prevent 
the contents of the dish from becoming 
dry. Remove the dish, cool, and dilute 
the contents with about 50 mi. of hot 
water. Stir to dissolve soluble salts, 
place the dish on a steam bath, and digest 
for 10 min. Pour the supernatant 
solution through a loose filter paper and 
flood the residue with about 10 ml. of 
hot diluted HCl (2:98). Stir and grind 
the solid lumpy material with a glass 
rod; then pour the solution through the 
filter. Transfer the precipitate com- 
pletely to the filter by means of hot 
diluted HCl (2:98), using a rubber 
policeman, and continue washing the 
paper and precipitate with eight to ten 
small portions of the diluted HCL 

If desired the first dehydration can be 


made as described in the Procedures for 
Referee Analysis (Section 6 (a )) ; in this 
case add 10 to 15 ml. of HCIO 4 (60 per 
cent) before the second evaporation. 
Evaporate the filtrate and washings in 
a 600-ml. beaker of heat-resistant gla.ss® 
on a hot plate to a small volume; then 
heat at a reduced rate until copious 
fumes of HCIO 4 appear. Rinse the 
inside of the beaker by means of 10 ml. 
of HCIO4 added from a pipette. Cover 
the beaker and continue heating for 
about 10 min. while dense fumes of 
HCIO 4 are evolved. 

(b) Allow the beaker to cool, and 
rinse the inside surface with about 
50 ml. of distilled water. Digest for 
10 min. on a water bath; then filter 
through a tight paper. Transfer the 
small precipitate completely to the 
paper, and wash paper and precipitate 
with ten portions of hot diluted HCl 
(2:98). Place both papers and pre- 
cipitates in an untared 20-mL platinum 
crucible, add 3 or 4 drops of diluted 
H 2 SO 4 (1:1), and ignite slowly in a 
muffle furnace until the carbon is 
burned off and the residue is white. 
Cover and heat over a blast flame or in a 
muffle furnace at about 1200 C. for 
20 min., cool in a desiccator, and weigh. 
Repeat ignition to constant weight. 
Moisten the residue with water, add 
about 10 ml. of HF and 1 drop of 
H 2 SO 4 , and evaporate to dryness on a 
hot plate. Cover the crucible and heat 
at approximately 1200 C. for 1 to 2 min. 
Cool in a desiccator and w’eigh. The 
loss in weight represents SiOa. 

(c) Calcidation. — Calculate the per- 
centage of Si02 as follows: 

SiOj, per cent = wt. of SiOg X 200 

Note. — ^The net result obtained by this 
method is ordinarily slightly high (0,1 to 0.2 per 
cent) if BjOa up to 2 per cent is present. 
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Determination of BaO, R 2 O 3 , CaO, 
MgO, NasO, AND K2O 
Reagents 

24. (a) Standard Potassium Perman- 
ganate Solution. — Dissolve * 44 g. of 
ILM 11 O 4 in distilled water, and dilute to 
20 liters. This solution should stand 
for 3 to 4 months, and 1- to 3-liter 
portions of the clear supernatant liquid 
may then be siphoned off as required. 
Standardize against a solution containing 
a known amount of CaCh by the pro- 
cedure used in determining calcium 
(Section 28) rather than against sodium 
oxalate. 

(6) Standard Potassium Bromate {^2 
N) for MgO. — Dissolve 120 g. of 
KBrOa in distilled water and dilute to 
20 liters. Standardize against a known 
MgCb solution by precipitating the 
quinolate as in the procedure for mag- 
nesium (Section 29), filtering, washing, 
dissolving with HCl, and titrating, using 
0.1 N sodium thiosulfate for the back- 
titration. 

(c) Sodium Thiosulfate (0.1 N ). — 
Dissolve 25 g. of pure Na 2 S 203 - 5 H 20 in 
recently distilled water and dilute to 
1 liter. To obtain the equivalent of 
1 ml. of thiosulfate in terms of standard 
bromate, add 10 ml. of bromate from a 
burette to 100 ml. of cool water con- 
taining 5 ml. of HCl; then add 10 ml. of 
KI (20 per cent), and titrate the liber- 
ated iodine with thiosulfate, using starch 
as indicator near the end point. The 
volume of bromate divided by the 
volume of thiosulfate (expressed to two 
decimal places) repi*esents the volume of 
bromate ec^uivalent to 1 ml. of 
thiosulfate. 

(d) Standard Magnesium Chloride 
Solution, — Dissolve 1 g. of pure MgO in 
HCl and dilute to 2 liters. The exact 
concentration of MgO may be checked 
by a gravimetric determination (either 
as pyrophosphate or as quinolate ignited 
to MgO) on a 50-ml. aliquot portion. 


(e) 8-Eydroxyquinoline Solution (5 
per cent). — ^To 5 g. of 8~hydroxyquinoline 
add 12 ml. of glacial acetic acid. Stir 
until dissolved, and dilute with 75 ml. 
of distilled water. Heat to 60 C. and 
stir until solution is complete, then 
filter into an amber bottle and dilute to 
100 ml. 

(/) Potassium Iodide Solution. — Dis- 
solve 5 g. of KI in 25 ml. of distilled 
water and filter (if necessary). Store in 
an amber bottle. The solution dete- 
riorates on long standing, and should be 
water-white when used. 

(g) Starch Indicator. — Mix 2 g. of 
soluble starch with a little cold water and 
add to 100 ml. of boiling water. Cool 
and add 10 ml. of KI (25 per cent) and 
10 ml. of NaOH (10 per cent). This 
solution keeps well over a fairly long 
period of time. 

(h) Zinc Uranyl Acetate Reagent for 
Na^O . — ^Transfer 100 g. of uranyl ace- 
tate, UO 2 (CH3C00)2 -21120, and 300 g. 
of zinc acetate, Zn (CH 3 COO) 2 - 2 H. 2 O, 
to a bottle. Add 90 ml. of acetic acid 
(30 per cent) and then 810 ml, of warm 
water. Shake at intervals for a few 
hours. If the solution remains clear, 
add a few crystals of NaCl so as to 
saturate the solution with respect to 
sodium zinc uranyl acetate. Filter small 
portions of the reagent as required. 

(i) Chloroplatinic Acid Solution for 
K 2 O . — Dissolve 15 g. of chloroplatinic 
acid, H2PtClG-6H20, in 50 ml. of water* 
containing 5 ml. of diluted HCl (1:1). 
One milliliter ivill contain about 0.1 g. of 
platinum, equivalent to 0.05 g. of K 2 O. 

(j) Barium Chloride Solution (10 per 
cent). — ^Dissolve 100 g, of BaCh -21120 
in 1000 ml. of water, allow to stand for 
24 hr., and filter if the solution is not 
clear. 

Preparation of Solution 

25. Transfer 2 g. of the prepared 
sample (Section 4) to a 75-mL platinum 
dish, moisten with water, and add 1 ml. 
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of HNO3, 10 ml. of HCIO4 (60 per cent), 
and about 25 ml. of HF (48 per cent). 
Evaporate on a steam bath to small 
volume, and then add about 10 ml. 
more of HF. Again evaporate to small 
volume. Transfer the dish to a hot 
plate (200 to 215 C.) and allow to fume 
until about one half of the HCIO4 is 
expelled. Examine for particles of un- 
decomposed glass, and, if any are noted, 
add 5 nil. more of HF (48 per cent), and 
again evaporate to copious fumes. Cool 
the dish, and rinse down the inside 
surface with 5 ml. of tIC104 (60 per cent) 
added from a pipette. ' Return the dish 
to a hot plate, and allow to fume briefly. 
Cool the dish, add about 0.5 g. of boric 
acid, and rinse down the inside of the 
dish with a little distilled water. Again 
evaporate to fumes, and continue the 
heating until most of the acid is elimi- 
nated, but not to the point where the 
residue appears dry. (A deep yellow to 
orange color at this point indicates that 
the glass contains chromium.) Add 50 
ml. of hot water and 2 ml. of HCl and 
stir until the soluble salts are entirely 
dissolved. (The solution may be turbid 
if the glass contains both BaO and SO3.) 
(Note). Rinse into a 200-ml. volumetric 
flask, cool to room temperature, and di- 
lute to the mark. Mix thoroughly, and 
quickly pipette out the following aliquot 
portions: 

(1) 100 ml. (1 g. of sample) into a 
600-ml. beaker for BaO, “R2O3,” 
CaO, MgO. 

(2) 10 ml. (0.1 g, of sample) into a 
50-ml. beaker for NagO. 

(3) 50 ml, (0.5 g. of sample) into the 
platinum dish for K2O. 

Note. — ^Large amounts of BaO and SO3 oc- 
curring together may cause difficulty through 
separation of BaS04. In such case, decompose 
a separate 1 g. sample of glass for each deter- 
mination of BaO, R2O3, CaO, and MgO. 

Determination of BaO 
26. (a) Neutralize the reserved 100-ml. 
aliquot portion (Section 25) with 


NFI4OH, using methyl red as indicator. 
Then add 1 ml. of HCL Dilute to 
about 150 mb, cover the beaker, heat 
to boiling, and add 10 ml. of diluted 
ILSOi (1:9) from a pipette. Continue 
the boiling for 10 min.; then transfer to 
the steam bath and digest for 45 min. 
Filter through a tight paper, transfer 
the precipitate completely, and wash on 
the paper with four portions of warm 
water. Reserve the filtrate and wash- 
ings for the determination of R2O3. 
Ignite the precipitate slowly in a tared 
porcelain crucible in a muffie furnace 
until the carbon is burned; then heat at 
about 1000 C. for 15 min. Cool in a 
desiccator, and weigh. (If tlie residue 
is not white, add a drop of H2SO.1, lieat 
gently until the acid is vaporized, then 
again ignite, cool, and weigh.) 

(b) Calculation . — Calculate the per- 
centage of BaO as follows; 

BaO, per cent == wt. of BaSO.) X 65.7 
Determination of R2O3 

27. {a) Add 5 ml. of HCl to the fil- 
trate from the BaO determination (Sec- 
tion 26) and boil for 5 min. to make sure 
that chromium is reduced to the trivaleiit 
state. Add diluted NH.iOH (1:1) drop 
by drop until the color of methyl red 
just changes to yellow, cover the beaker, 
and allow the contents to boil for 2 min. 
Filter immediately through a loose paper, 
rinse the beaker twice, and wash the 
precipitate on the paper four times with 
small quantities of hot, neutral am- 
monium chloride solution (2 per cent). 
Reserve the filtrate for the determina- 
tion of CaO. 

(6) Ignite the paper and precipitate 
in a tared platinum crucible, first in a 
muffle furnace until the carbon is 
eliminated, and finally for 10 min. 
at about 1200 C. Cool in a desiccator, 
and weigh. 

(c) Calculation . — Calculate the per- 
centage of R2O3 (including AhOs, Ci^Oz, 
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FeoOa, TiO., ZrOs, P.Os, and VaOa) 
as follows: 

R 2 O 3 , per cent = wt. of precipitate X 100 
Determination of CaO 

28. (a) Volumetric M eihod. — Heat the 
reserved filtrate from the R2O3 separa- 
tion (Section 27) to boiling in a covered 
beaker and add slowly 20 ml. of satu- 
rated ammonium oxalate solution from 
a pipette. Continue boiling for 5 min., 
transfer to a steam bath, and digest for 
20 min. Filter through a tight paper, 
rinse the beaker two or three times with 
warm water, and wash the paper and 
precipitate four times with warm water 
(60 C.). Reseiwe the filtrate for the 
determination of MgO. Unfold the 
paper, and rinse the oxalate precipitate 
back into the original beaker by means 
of a stream of warm water. Discard 
the paper. Dilute to about 100 ml, 
add 20 ml. of diluted H2SO4 (HI), heat 
nearly to boiling, and titrate with 
standard KMnOi solution to the first 
permanent pink. Calculate the per- 
centage of CaO as follows: 

CaO, per cent = VA X 100 

where: 

V = volume in milliliters of Khln04 
solution required for titration, 
and 

A = CaO equivalent of KMnOd so- 
lution. 

{b) Gravimetric Method. — Alterna- 
tively, the calcium oxalate may be 
ignited to the oxide and weighed as 
described in Section 11. 

Determination of MgO 

29. {a) Dilute to 500 ml. the filtrate 
reserved from the CaO separation (Sec- 
tion 28), add 10 ml. of 8-hydroxy quino- 
line solution (5 per cent) (1 ml. == 
0.006 g. of MgO), and warm to 60 C. 
Add diluted NH4OH (1:1) drop by drop, 
while stirring vigorously, until a pre- 
cipitate starts to form, then add, drop 
by drop, an excess of 10 ml. of NH4OH. 


Allow to settle for at least 20 min. 
Filter on a fritted glass crucible of 
medium porosity with suction. Trans- 
fer the precipitate by means of a rubber 
policeman, and wash four times with 
cold diluted NH4OH (1:200), Discard 
the filtrate, 

(b) Volumetric Method . — Dissolve the 
precipitate (Paragraph (c)) by means 
of 30 ml. of warm (60 C.) diluted HCl 
(1:1) added in small quantities and 
drawn through the filter with suction; 
wash thoroughly with hot water. Col- 
lect the solution in a 500-ml. Erlen- 
meyer flask, and dilute to about 100 ml. 
Cool the flask to about 20 C. Add 
1 g, of KBr crystals, and then add 
standard KBrOs solution from a burette 
until a slight excess is present, as shown 
by the formation of a blue color when a 
drop of the solution is brought in con- 
tact with starch iodide paper. The 
excess of bromate should not exceed 2 
to 3 ml. Allow to stand for about 1 min. 
to complete the bromination. Add 5 ml. 
of fresh KI solution (20 per cent) (re- 
sulting in a brown color or brown pre- 
cipitate) and titrate with standard 
thiosulfate until most of the brown color 
has disappeared. Add 1 ml. of starch 
solution, and continue the titration to 
the disappearance of the blue color. 
Calculate the bromate equivalent of the 
thiosulfate, and subtract from the origi- 
nal volume of bromate to find the net 
volume equivalent to the MgO. Calcu- 
late the percentage of MgO as follows: 

MgO, per cent = VA X 100 

where: 

V = net volume in milliliters of bro- 
mate solution required for 
titration of the MgO, and 

A — MgO equivalent of the bromate 
solution. 

{c) Gravimetric Methods . — The follow- 
ing gravimetric methods may be used 
for the routine determination of MgO: 

(i) The magnesium precipitate (Para- 
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graph (a)) may be dried to constant 
weight at 130 to 140 C. on the fritted 
glass filter and weighed as magnesium 
hydroxyquinolate (Mg(C 9 H 6 NO) 2 ), if de- 
sired. 

MgO, per cent = wt. of MgCCsHeNOz X 12.9 

(2) The magnesium precipitate (Para- 
graph (a)) may be caught on a filter 
paper and converted to MgO by igniting 
gradually until the carbon is burned 
and finally heating at 1000 C. 

MgO, per cent = wt. of MgO X 100 
Detenuiliation of NaaO 

30. (a) Evaporate the reserved 10-ml. 
ahquot portion (Section 25) in a 50-ml. 
beaker to about 1 ml. on a hot plate. 
Cool, and add slowly 20 ml. of the zinc 
uranyl acetate reagent while stirring. 
Continue the stirring for 3 min. Allow 
the precipitate to settle for at least 20 
min. at room temperature, then filter on 
a weighed fritted glass filter of medium 
porosity with suction. Extreme tem- 
peratures should be avoided; tempera- 
tures controlled at approximately 21 C. 
(70 F.) are preferable. Transfer the pre- 
cipitate completely by means of several 
small quantities of the precipitating 
solution contained in a wash bottle, 
using a rubber policeman. Wash the 
precipitate on the filter twice with 2- 
ml. quantities of the same solution, then 
six times with small volumes of acidified 
(1 ml. of acetic acid in 100 ml. of alco- 
hol) 95 per cent ethyl alcohol that has 
been saturated at room temperature 
with sodium zinc uranyl acetate. Allow 
the wash solution to drain through com- 
pletely between washes. Finally, wash 
the precipitate twice with 5-ml. portions 
of anhydrous ethQi, added from a pipette. 
Continue to draw air through the filter 
for a minute or two after the precipitate 
appears dry, wipe off the crucible, set it 
aside near the balance for 10 to 15 min., 
and weigh. The empty crucible may be 
washed and dried in the same manner at 


the start and weighed as soon as it 
reaches room temperature. As a check 
on the presence of significant amounts of 
foreign insoluble matter in the precipi- 
tate, the crucible can be put under suc- 
tion, the sodium zinc uranyl acetate 
dissolved in hot water, and the crucible 
reweighed after final washing with ether. 

(6) Calculation . — Calculate the per- 
centage of Na 20 as follows: 

NasO, per cent = wt. of precipitate X 20.15 

Determination of KaO 

31. {a) Evaporate the reserved 50-mL 
aliquot portion (Section 25) to dryness 
in the 75-ml. platinum dish, and heat 
on the hot plate to eliminate free 
HCIO4. Perchlorates need not be de- 
stroyed, but all free IiC 104 should be 
eliminated. Cool, rinse down tlie inside 
of the dish with a little water, and add 
about 1 ml. of HCi and 0.5 ml. of 
chloroplatinic acid solution. Eva|!orate 
nearly to dryness on the steam bath so 
that the residue solidifies on cooling. 
Add about 20 ml. of etliyl alcohol (80 
per cent), stir to dissolve all soluble 
salts, crush the residue with the flat- 
tened end of a glass rod, and filter 
through a fritted glass filter of medium 
porosity with suction. W ash the residue 
once or twice by decantation, transfer 
to the filter, and wash two or tliree times 
more on the filter with ethyl :ilcohol 
(80 per cent). Using a lOO-mL beaker 
as the receiver, rinse out tlie dish with 
hot water, pour it through the filter, 
and wash thoroughly to dissolve all 
potassium chloroplatinate. Add 2 ml. 
of FICl and a strip of magnesium ribbon 
to the solution, and warm while stirring 
until all of the platinum is reduced. 
The reduction with magnesium is con- 
veniently made by wrapping the ribbon 
around the end of the stirring rod. Add 
more magnesium if necessary, and finally 
boil the solution for a few minutes. 
After settling, the solution will be color- 
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less if the reduction of the chloroplati- 
nate is complete. Filter and wash the 
platinum several times with hot water. 
Ignite in a porcelain crucible in a muffle, 
gradually at first, and finally at 1000 C. 
for 5 min. Cool in a desiccator, and 
weigh. 

(b) Calculation. — Calculate the per- 
centage of K 2 O as follows: 

K 2 O, per cent = \vt. of platinum X 96.5 
Boric Oxide 

Reagents 

32. (a) Brorncresol Purple Indicator 
{0.04 per cent). — Treat 0.10 g. of brom- 
cresol purple with 18.5 ml. of 0.01 N 
NaOH, and dilute to 250 ml. with 
water. (Methyl red or ^-nitrophenol 
may be used instead of brorncresol 
purple.) 

{h) Phenolphthalein Indicator {0.5 per 
cent). — Dissolve 1.0 g. of the reagent in 
100 ml. of 95 per cent ethyl alcohol, 
and dilute to 200 ml. with water. 

(c) Hydrochloric Acid {approximately 
0.1 iV). — Prepare an approximately 0.1 N 
HCl solution free of CO 2 . 

(d) Sodium Hydroxide {approximately 
1 N). — Prepare an approximately IN 
NaOH solution free of CO 2 and BoOg. 
Solutions of NaOH attack borosilicate 
glass. Consequently all such solutions 
should be fresldy prepared, or stored in 
bottles containing no boron. 

{e) Sodium Hydroxide {0.05 N ). — 
Prepare an approximately 0.05 N NaOH 
solution free of CO 2 , and standardize 
against the National Bureau of Stan- 
dards standard sample 84a of acid po- 
tassium phthalate. 

Procedure 

33. (a) Intimately mix 1.000 g. of 
the prepared sample (Section 4) and 
2.0 g. of NuaCOg in a platinum crucible, 
and heat until a clear melt is obtained. 
Rotate the crucible while cooling so 
that the melt solidifies in a thin layer. 


Add 10 ml. of diluted HCl (1:1), cover, 
and allow to digest at room temperature 
with occasional stirring with a glass rod 
until the melt is disintegrated. 

(6) Transfer to a 100-ml. glass-stop- 
pered cylinder, rinse the crucible several 
times with small quantities of water, 
and dilute to 25 ml. Add 25 ml. of 
absolute ethyl alcohol and 50 ml. of 
anhydrous ether. Stopper the graduate, 
and mix the contents by vigorous inter- 
mittent shaking over a S min. period. 
Finally, allow the cylinder to stand for 
an hour or more, or until the two liquid 
layers have separated completely. Note 
and record the volumes of the two 
layers. Pipette out 50 ml. of the upper 
(ether-alcohol) layer, and transfer to a 
200-ml. Erlenmeyer flask. 

(c) Add 1 drop of brorncresol purple 
indicator, then add 1 N NaOH drop 
by drop, while shaking vigorously, until 
a permanent blue end point is reached. 
Add 1 ml. of 0.5 per cent phenolphthalein 
solution, and continue the addition of 
the NaOH to a pink end point. Finally, 
add an excess amounting to about three 
times the volume used between the two 
end points (never less than 1 ml.). 
Add about 50 ml. of water, and warm 
the solution carefully on the steam bath 
until the ether layer has evaporated; 
then transfer the flask to a hot plate 
and allow to boil until most of the alcohol 
has been eliminated. C'ool, add diluted 
HCl (1:1) drop by drop until the solu- 
tion is just acid, then add 1 N NaOH 
to faint alkalinity.’ Treat with 0.1 iV 
HCl until definitely acid (5 to 10 drops 
excess), warm on the steam bath, attach 
to a vacuum line, and allow to boil 
under reduced pressure for a few min- 
utes to eliminate dissolved gases. 

{d) Cool to room temperature, add 
0.05 N NaOH from a burette until the 


’ With glasses containing kiiic, this iirocedure results 
in its complete precipitation as tiie hydroxide, which may 
be eliminated by filtration- This step also removes all of 
the iron, which is likely to be troublesome if present in 

abnormal amounts. 
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color changes from yellow to blue, and 
record the burette reading. Add about 
1 g. of mannite, and continue the titra- 
tion to a permanent pink color that is 
not destroyed by further additions of 
mannite. 

(e) Calculation. — The volume of 
NaOH solution required between the 
blue and the pink end points (Para- 
graph (d)) provides a measure of the boric 
acid contained in the aliquot portion 
of the ether layer. It is then possible 
to calculate the amount of boric acid 
contained in the entire ether layer, and 
from a knowledge of the distribution 
ratio, the quantity in the aqueous layer. 
The boric oxide content of the sample 
is calculated as follows: 

^ X 0.00348 

where; 

V = volume in milliliters of 0.05 N 
NaOH required for titration 
of 50 ml. of the alcohol-ether 
layer, 

A = volume in milliliters of the 
alcohol-ether layer, 

B = volume in milliliters of the 
aqueous layer, and 

K — partition coefficient. 

Note. — The value of K (partition coefficient) 
is taken as 0.36 for ordinary laboratory temper- 
atures of about 25 C. If the extraction is made 
at a room temperature of 30 C. or higher, the 
value becomes 0.34. 

(/) Blank Titration. — The percentage 
of B2O3 shall be .corrected by a blank 
on the reagents. This may be done 
conveniently by repeating the entire 
procedure (Paragraphs (a) to (e)) with 
a glass (such as the National Bureau of 
Standards standard sample No. 80) 
known to contain no boron. 

Fluorine 

Reagents 

34. (a) Thorium Nitrate (0.1 N ). — 
Dissolve 13.8 g. of Th(N03)4-4H20 


B2O3, per cent = F X ( d -i- 


in water and dilute lo 1 liter, vStau- 
dardize against the standard fluorine 
solution described in PLiragra])h (b) 
by titrating as described in Secliun 35. 

(b) Standard Fluorine Soluiwn. — Dis- 
solve 0.442 g. of pure NaF in 1 liter of 
water. One milliliter of this solution 
will contain 0.0002 g. of fluorine. If 
pure NaF is not available, it may be 
prepared by treating pure NaHCOs 
with an excess of pure IlF in a tubulated 
Gooch crucible or in a small j)latinum 
dish, evaporating the e.xtvss of I IF, 
and heating to about 600 C. in mi at- 
mosphere of nitrogen. The NaF should 
be cooled in nitrogen and stored over a 
good desiccant. 

(c) Buffer Solution. — Dissolve 9.45 g. 
of monochloracetic acid and 2.00 g. of 
NaOH in 100 ml of water. 

(d) Sodium Alizarin Sulfonate Indica- 
tor. — Prepare an aqueous 0.05 per cent 
solution. 

Procedure 

35. (a) Fuse 1 g. of the prei)ared 
sample (Section 4) with 4 g. of NasCO^ 
in a platinum crucible, and allow the 
melt to solidify in a thin layer. Nearly 
fill the crucible with water, and allow 
to digest on the steam bath until the 
melt is thoroughly disintegrated, 'rrans- 
fer the disintegrated melt to a 25f)-ml 
Claissen flask, rinsing the crucible sev- 
eral times with water. The flask should 
contain eight to ten glass beads to 
prevent bumping. Add cautiously 35 
ml. of H2SO4 while the flask is kept cool 
in running water. Close the flask with 
a two-hole rubber stopper through which 
passes a thermometer and a 4-mm. glass 
tube extending nearly to the bottom of 
the flask. Connect the tube to a 2-iiter 
Florence flask filled with water, which 
serves as a steam generator. Close the 
connection between the generator and 
distilling flask by means of a pinchcock. 

(5) Connect the distilling flask to the 
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condenser, and distill until the tempera- 
ture of the liquid reaches 135 C. In 
the meantime, heat the water in the 
Florence flask to boiling, and when a 
temperature of 135 C. is reached, admit 
steam into the Claissen flask. Adjust 
the rate of flow of the steam (by regu- 
lating the burners under the two flasks) 
so as to keep the volume and tempera- 
ture of the contents of the Claissen flask 
about constant. Continue the distilla- 
tion until about 400 ml. of distillate 
has collected. Add phenoiphthalein and 
sufficient 1 N NaOH to the distillate 
to make it distinctly alkaline, and 
evaporate to about 100 mi. 

(c) Cool the solution, then add 10 
drops of sodium alizarin sulfonate indi- 
cator and diluted HCl (1*1). until 
slightly acid. Neutralize with 1 N 
NaOH, then make faintly acid with 0.1 
N HCL Add 1 ml. of the buffer solu- 
tion and titrate with 0.1 N thorium 
nitrate to a faint, permanent pink. A 
blank determination should be made, 
using a glass that contains no fluorine 
(such as the National Bureau of Stand- 
ards standard sample No. 128). 

(d) Calculation . — Calculate the per- 
centage of fluorine as follows: 

Fluorine, per cent = VF X 100 


where: 

V = volume in milliliters of thorium 
nitrate solution required for 
titration, and 

F = fluorine equivalent of the tho- 
rium nitrate solution. 

Sulfur Trioxide 

Procedure 

36. (a) Decompose 3 g. of the pre- 
pared sample (Section 4) by treatment 
with HCIO4 and HF exactly as de- 
scribed in Section 25 and transfer the 
solution to a 600-ml. beaker. Dilute 
to about 200 ml., neutralize with NH4OH, 
then add HCl until an excess of 2 ml, 
is present. Cover the beaker, heat to 
boiling, and add 10 ml. of BaCfi (10 
per cent) drop by drop from a pipette. 
Continue boiling for 10 min,, transfer 
to a steam bath, and digest for 45 min. 
Filter through a tight paper, transfer 
the precipitate completely, and wash 
paper and precipitate with four portions 
of warm water. Ignite slowly in a 
tared porcelain crucible until the carbon 
is burned, and finally heat at about 1000 
C. for 10 min. Cool in a desiccator, 
and weigh. 

{b) Calculation . — Calculate the per- 
centage of SO3 as follows: 

SO3, per cent = wt. of BaS 04 X 11.43 



Standard Method of 

HYDROSTATIC PRESSURE TEST ON GLASS CONTAINERS' 



A.S.T.M. Designatioii: C 147-43 
Adopted, 1943A 

Tliis Standard of tlie American Society for Testing Materials is issued under 
the fixed designation C 147 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the test pro- 
cedure for determining the breaking 
strength of narrow-mouth glass con- 
tainers when subjected to a uniform 
internal hydrostatic pressure. The 
method is intended to determine the 
uniformity of glass bottles and the 
serviceability of pressure containers. 

Apparatus 

2. The apparatus,® a suitable type of 
which is illustrated in Fig. 1, shall 
embody the following principles: 

(а) The bottles to be tested shall be 
held by a split collar so designed that 
the bottle is not clamped but is sus- 
pended from the '''bead of the finish.” 

(б) A seal shall be provided which 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.TJa. 
Committee C-14 on Glass and Glass Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1939 to 1943, being revised in 1940 
and 1943 . 

’ Six-head and single-head automatic sustained pres- 
sure testing machines developed by the Preston Labora- 
tories meet these requirements. Detailed working draw- 
ings of the apparatus are available at a nominal cost from 
the American Society for Testing Materials, 260 S. Broad 
St., Philadelphia 2, Pa. 


will be watertight at the pressure to 
be applied. 

(c) An automatically controlled tim- 
ing mechanism shall be built into the 
machine so that' the bottle will be under 
pressure for 1 rfc 0.02 min. 

(d) The apparatus shall be designed 
so that the weight is applied directly by 
gravity without any intennediate cams 
or levers. 

Sampling 

3. The method of sampling a group of 
bottles of a given type sliall be in ac- 
cordance with Paragraphs ia) to uO for 
the various situations described. 

(a) Sampling in Manufacturing Plaut 
During Continuous Producllou : 

(i) For continuous routine checking 
of quality to insure that a predeterinincf.1 
standard of internal pressure strength is 
being maintained in the glassware, a 
sample of at least one bottle from each 
cavity or mold shall be taken every 3 lir, 
from the exit end of the annealling lehr. 
If the margin between the strengtli of 
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the glassware and the predetermined 
standard becomes low because of radical 
changes in the operations and adjust- 
ments of the machine, samples shall be 
taken at intervals sufficiently short to 
insure that all necessary information 


does not know which cartons will be 
opened by the sampler. 

(3) For a detailed test of new mold 
designs or of radical changes in machine 
operations a sample of 10 bottles from 
each mold or cavity shall be rec|iiired 


Front View Side View 

Fig. 1 . — Pressure Testing Machine for Hydrostatic Test with Automatic Lift. 


concerning variations in strength is be- 
obtained. 

(2) For continuous routine checking 
of quality, including handling and pack- 
ing, one bottle from each cavity or mold 
shall be taken every 3 hr. from cartons 
packed by the inspector or the packer 
and in such a manner that the packer 


for test. In case the total number of 
molds shall be more than 10, a total of 
100 bottles distributed among the molds 
shall be required for the test. The 
bottles shall be taken from the exit end 
of the annealing lehr. 

(b) Sampling New or Unused Aged 
Bottles in Original Containers in IFnre- 
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house, Freight Car, or Truck. — A sample 
of at least 100 bottles shall be taken in 
accordance with the principles of ran- 
dom sampling. If the group of bottles 
is contained in more than 100 cartons 
or crates, not more than one bottle shall 
be taken from each container, and ran- 
dom sampling shall be applied to the 
various containers in selecting the ones 
to be opened. If the bottles are con- 
tained in less than 100 cartons or crates, 
insofar as possible, equal numbers of 
bottles shall be taken from each con- 
tainer. If the bottles are in bulk rather 
than in cartons or crates, the principles 
of random sampling shall be applied to 
the various parts of the several rows, 
layers, or tiers. 

(c) Sampling Stock or Group of Used 
or Filled Bottles in a Bottling, Packaging, 
or Distribution Plant, such Bottles Easing 
Been Shuffied with Respect to Original 
Containers and Having Complicated and 
Unknown Histories. — Whether in cartons 
or in racks, layers, rows, or lines, a sam- 
ple of at least 100 bottles shall be taken 
in accordance with the. principles of 
random sampling, and in accordance with 
Paragraph (5), If the group or stock 
contains bottles manufactured by more 
than one firm and of various vintages, 
the sample which is taken shall be large 
enough to represent proportionately all 
manufacturers and all vintages. When- 
ever possible, random samples of 100 
bottles from each manufacturer and of 
each vintage shall be tested. Bottles 
bearing no manufacturer’s trade-mark 
or other identification shall be tested 
separately. 

Procedure 

4. {a) The bottles shall be nearly 
filled with water, the permissible air 
space being governed by the length of 
plunger of the machine. The bottles 
shall then be placed in the split collar and 
the specified test pressure applied. If 


the bottle does not burst, this pressure 
will be automatically released at the 
end of 1 min. The test shall be con- 
tinued as described in Paragraphs [h) 
to (d), depending on the nature of the 
sample. 

{b) Pass Test. — The “pass test” at a 
specified pressure as described in Para- 
graph (fl) is sufficient for the routine 
testing of samples from continuous pro- 
duction in a manufacturer’s plant (see 
Section 3 (a) (1)). 

(c) Progressive Test (50 per cent Level). 
-—All samples obtained in accordance 
with Section 3 (a) (2), (b), and (c) shall 
be given a “progressive test” in which 
the test described in Paragraph (a) is 
repeated, the pressure being increased 25 
psi. each time until the 50 per cent level 
is reached; that is, the pressure required 
to burst at least 50 per cent of the 
bottles. 

(d) Progressive Test {Total). As an 

alternative to the progressive SO per 
cent level test described in Paragraph 
{c), the progressive test may be con- 
tinued until all of the bottles break. 

Report 

5. The report shall include the fol- 
lowing information, depending on the 
particular procedure used in the test. 
In all cases the detailed technique and 
criterion followed in taking the random 
sample shall be reported. 

(a) Pass Test in Accordance with Sec- 
tion 4 (b) : 

(1) Time of taking sample, 

(2) Number of samples from each 
mold, if more than one, 

(J) The test procedure, and 

(4) Whether or not each bottle 
passed the test. 

(b) Progressive Test in Accordance with 
Section 4 (c): 

(1) The initial breakage level or 
pressure and the number of bottles 
which broke at that pressure, and 
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(2) The pressure required to break 
50 per cent of the bottles, interpolated 
from the data to the nearest 5 psi. 
Report this figure as the “50 per cent 
breakage level” or simply the “50 per 
cent level.” 


(c) Progressive Test in Accordance with 
Section 4 (d): 

(1) The bursting pressures, and 

(2) The average bursting pressure 
(subtract 12,5 psi. to correct for the 
25 psi. loading interval). 



Standard Method of 

POLARISCOPIC EXAMINATION OF GLASS CONTAINERS^ 



A.S.T.M. Designation: C 148-43 
Adopted, 1943.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 148; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last, revision. 


Scope 

1. This method for the polariscopic 
examination of glassware describes the 
procedure for determining the relative 
annealing stress in glass containers by 
comparison with reference standards. 
The method is intended to determine 
whether the annealing of the glass is 
commercially satisfactory. 

Note. — The method is not intended to eval- 
uate the cordiness or cord stresses due to com- 
position inhomogeneities. The ring section 
examination^, which is frequently used as a spe- 
cial means for investigating glass quality, is not 
yet included in this method. 

Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Polariscofe . — A polariscope con- 
forming to the following requirements: 
High brightness of field — at least 90 foot 
iamberts at the- point where the glass- 
ware is held for examination and at least 

_ 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-14 on Glass and Glass Products. 

5 Prior to adoption as standard, this method was pub- 
lished as tentative from 1939 to 1943, being revised in 
1940 and 1943. 

= V. C. Swicker, “The Ring-Section Examination of 
Glass Containers,” Bulletin Am. Ceramic Soc., Vol. 18, 
No. 4, pp. 143 to 147 (1939) . 


50 foot Iamberts at the edge of the field 
as observed with the polarizing element 
and protective element in operating 
position. The degree of polarization of 
the field at all points shall be not less 
than 99.0 per cent. The field shall be of 
sufficient size to permit tJie e.xaminntion 
of glass containers 25 cm. (10 in.) in 
height at one viewing. A sensitive tint 
plate standardized to retard appro.xi- 
mately a full wave length of light of 
565 mix shall be used. 

(5) Reference Standards . — A set of 
standard disks of known internal stress. 

Note. — Recently the Glass Container As- 
sociation has prepared such a set of standard 
disks.* These disks or others prepared with, at 
least the same degree of precision should he 
used for the comparison. These reference 
standards consist of a set of five disks, in- 
dividually checked for path difference, so 
mounted that they can be combined tidditively 
and their total effect observed in comparison 
with that of a container. The optical path 
difference in each case is 22.S m.u at poinis I 
in. from edge. The methods of standardizing 
and value of errors have been completely 
described by Mr. T. D. Green in the private 
communications of the Glass Clon(;uner As- 
sociation. 


* The standard disks are obtainable from the Hartford- 

Empire Co., Hartford, Conn. 
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Sampling 

3. The method of sampling shall be 
in accordance with Paragraphs (a) to (c) 
for the various situations described. 

(a) Sampling in Manufachiring Plant 
During Continuous Production. — For 
continuous routine checking of quality 
to insure that a predetermined standard 
of temper is being maintained in the 
glassware, a sample of glassware shall 
be taken across the lehr at least once 
every 3 hr., such sample being large 
enough to represent any possible differ- 
ences in the annealing treatment across 
the lehr and large enough to represent 
the various types of bottles simultane- 
ously in tlie lehr. Usually 6 bottles will 
suflice. If the margin between the 
temper and the predetermining standard 
becomes low because of radical changes 
in operation, samples shall be taken at 
intervals sufficiently short to insure that 
all necessary information concerning 
variations in temper is being obtained. 

(b) Sampling New or Unused Aged 
Bottles in Original Containers in Ware- 
house^ Freight Car, or Truck. — A sample 
of at least 100 bottles shall be taken in 
accordance with the principles of random 
sampling. If the group of bottles is 
contained in more than 100 cartons or 
crates, not more than one bottle shall 
be taken from each container, and ran- 
dom sampling shall be applied to the 
various containers in selecting the ones 
to be opened. If the bottles are con- 
tained in less than 100 cartons or crates, 
insofar as possible, equal numbers of 
bottles shall be taken from each con- 
tainer. If the bottles are in bulk rather 
than in cartons, or crates, the principles 
of random sampling shall be applied to 
the various parts of the several rows, 
layers, or tiers. 

(c) Sampling Stock or Group of Used 
or Filled Bottles in a Bottling, Packaging, 
or Distribution Plant, Such Bottles Hav- 


ing Been Shuffled with Respect to Original 
Cartons and Having Complicated and 
Unknown Histories. — Whether in cartons 
or in racks, layers, rows, or lines, a 
sample of at least 100 bottles shall be 
taken in accordance with the principles 
of random sampling, and in accordance 
with Paragraph (6), If the group or 
stock contains bottles manufactured by 
more than one firm and of various vin- 
tages, the sample which is taken shall 
be large enough to represent propor- 
tionately all manufacturers and all 
vintages. Whenever possible, random 
samples of 100 bottles from each manu- 
facturer and of each vintage shall be 
tested. Bottles bearing no manufac- 
turer’s trade-mark or other identification 
shall be tested separately. 

Procedure 

4. {a) Examination of Base of Cylin- 
drical Bottles. — In determining the grade 
of annealing or the temper of the base of 
an ordinary cylindrical flint bottle, the 
bottle shall be viewed through the base. 
The maximum broad color pattern 
(Note) in the base of the bottle shall be 
compared with the maximum color in 
various numbers of the standard disks 
by using the disks in numeric sequence 
(“stacked” one on top of the other) to 
determine whether the maximum 
amount of color in the bottle base is less 
than that in one disk, less than that in 
two and greater than one, greater than 
two, etc. It is seldom possible to 
obtain an exact match of the color of the 
bottle with the reference standards. 
The temper of the bottle shall then be 
recorded in accordance with the fol- 
lowing rules : 

Rule. — ^When, the color of a bottle is greater 
than that of N disks but less than iV + 1 disks, 
the temper is iV + 1; that is, corresponding 
numerically to the larger number of disks, as 
follows; 
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Temper I less than 1 disk 

Temper 2 less than 2, greater than 1 disks 

Temper 3 less than 3. greater than 2 disks 

T emper 4 less than 4, greater than 3 disks 

T emper 5 less than 5, greater than 4 disks 

Temper 6 greater than 5 disks 


Note.-— The color observed by the procedure 
described in Paragraphs (a), (6), and (c) should 
be the broad color patterns produced by an- 
nealing stresses, and this temper is considered 
the “lehr temper.” Local stresses clearly due 
to cords or composition inhomogeneities should 
be distinguished from the broad pattern and 
ignored in the assignment of the temper grading. 

(b) Examination of Square, Oval, and 
Irregular Shapes . — In determining the 
temper of square or oval and other ir- 
regular shapes, the polariscopic examina- 
tion shall be made at the curve or corner 
that shows the most color and the 


temper shall be recorded in accordance 
with the rule given in Paragraph (a). 

(c) Examination of Sidewalis.— ln de- 
termining the temper of the sidewalls of 
any bottle, the maximum color of any 
part of the sidewall shall be matched 
with the maximum color in an}’ part of 
the disks, and the temper shall be 
recorded in accordance with the rule 
given in Paragraph (a). 

Report 

5, The report shall include a record 
of the temper gradings, and information 
concerning observed areas of localised 
strain arising from a cordy condition 
of the glass. 



Standard Method of 

THERMAL SHOCK TEST ON GLASS CONTAINERS^ 



A.S.T.M, Designation: C 149-43 
Adopted, 1943.* 

This Standard of the American Society for Testing Materials is issued under 
the fi.’ced designation C 149; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test for deter- 
mining the relative resistance of com- 
mercial glass containers (bottles and 
jars) to thermal shock is intended to 
apply to all types of glass containers 
which are required to withstand tem- 
perature changes (thermal shock) in 
service such as in washing, pasteuriza- 
tion, or “hot pack” processes, or in being 
transferred from a warm to a colder 
medium or vice versa. 

Note. — It is recommended that glassware 
subjected to this thermal shock test be not 
later subjected to the hydrostatic pressure test, 
because lower pressure strengths will be ob- 
tained. 

Apparatus 

2. (c) The apparatus® consists essen- 
tially of a basket for holding the glass- 
ware and two tanks, one containing hot 


J Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M 
Committee C-14 on Glass and Glass Products. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1939 to 1943, being revised in 
1940 and 1943. 

s Detailed drawings of satisfactory apparatus for this 
test are available at a nominal cost from the .American 
Society for Testing Materials, 260 S. Broad St., Phila- 
delphia 2, Pa. 


water and one containing cold water. 
An automatic mechanism for immersing 
and transferring the basket of bottles 
from the hot to the cold bath shall be 
provided and shall be so geared that 
exactly 15 sec. will be consumed in the 
transfer. A suitable type of apparatus 
is illustrated in Fig. 1. 

{b) A device shall be provided to 
maintain the temperature of the baths 
within plus or minus 1 F. of the specified 
temperatures. Indicating controllers 
which operate solenoid valves to admit 
hot water to the hot tank or cold water 
to the cold tank are recommended. 
Otherwise, a dial thermometer should 
be attached and the valves operated 
manually. 

Sampling 

3. The method of sampling a group 
of bottles of a given type shall be in 
accordance with Paragraphs (a) to (c) 
for the various situations described. 

(fl) Sampling in Maniijacinring Plant 
During Cotitimwus Production: 

(1) For continuous routine checking 
of quality to insure that a predetermined 
standard of internal pressure strength 
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is being maintained in the glassware, a test. In case the total number of mokis 
sample of at least one bottle from each shall be more than 10, a total of 100 
cavity or mold shall be taken every 3 hr. bottles distributed among the molds 
from the exit end of the annealing lehr, shall be required for the test. I he 
If the margin between the strength of bottles shall be taken from the exit end 
the glassware and the predetermined of the aimealing lehr, 
standard becomes low because of radical (b) Sampling New or Aged 

changes in the operations and adjust- Bottles in Original Containers in II arc- 
ments of the machines, samples shall be house, Freight Car, or Truck.- - A .sample 
taken at intervals sufficiently short to of at least 100 bottles slmli ue taken lii 
insure that all necessary information con- accordance with ilie ])rincipl(!S of nindum 


Fig. 1 . — Automatic Thermal Shock Testing IMachinc*. 


cerniiig variations in strength is being 
obtained. 

(2) For continuous routine checking of 
quality, including handling and packing, 
one bottle from each cavity or mold shall 
be taken every 3 hr. from cartons packed 
by the inspector or the packer and in 
such a manner that the packer does not 
know whicli cartons will be opened by 
the sampler. 

(3) For a detailed test of new mold 
designs or of radical changes in machine 
operations a sample of 10 bottles from 
each mold or cavity shall be required for 


sampling. If the grouji of hottkrs is con- 
tained in more than tOO cartons or crates, 
not more than one bottle sIkiU be taicen 
from each container, and nuitkom sani- 
pling shall be applieil to the various con- 
tainers in selecting the ones to be (iponed. 
If the bottles are contained in less than 
100 cartons or crates, insofar as [iossible, 
equal numbers of bottles shall be taken 
from each container. If the botllc.s are 
in bulk rather than in cartons, or crates, 
the principles of random sampling shall 
be applied to the various parts of the 
several rows, layers, or tiers. 
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(c) Sampling Stock or Group of Used 
or Filled Bottles in a Bottling, Packaging, 
or Distribution Plant, Such Bottles Having 
Been Shiijjied with Respect to Original 
Containers and Having Complicated and 
Unknown Histories, — Whether in car- 
tons or in racks, layers, rows, or lines, 
a sample of at least 100 bottles shall be 
taken in accordance wdth the principles 
of random sampling, and in accordance 
with Paragraph {b). If the group or 
stock contains bottles manufactured by 
more than one firm and of various vin- 
tages, the sample which is taken shall be 
large enough to represent proportion- 
ately all manufacturers and all vintages. 
Whenever possible, random samples of 
100 bottles from each manufacturer and 
of each vintage shall be tested. Bottles 
bearing no manufacturer’s trade-mark 
or other identi heat ion shall be tested 
separately. 

Procedure 

4. (a) The temperature of the baths 
shall be adjusted so that the cold bath 
is at 70 F. and the hot bath is at a tem- 
perature hotter than the cold bath by 
the specified increment (in most cases 
this increment will be 75 F. for the first 
immersion). When the temperatures 
of the baths are within plus or minus 
1 F. of those specified, the baskets shall 
be filled with bottles and immersed in 
the hot bath, allowed to soak for 5 min., 
then transferred to the cold bath and 
immersed for 30 sec., and then removed 
from the bath. The 5-min. immersion 
in the hot bath shall be controlled within 
3 sec. and the time required for transfer 
from the hot to the cold bath shall be 
15 ± 0.33 sec. During the test the 
apparatus shall be protected from drafts 
in a sheltered laboratory. The test 
shall then be continued according to one 
of the alternatives in Paragraph (5) and 
(c), depending on the nature of the 
sample. 


{b) Pass Test. — The “pass test” at a 
specified increment or temperature dif- 
ferential as described in Paragraph {a) 
is sufficient for the routine testing of 
samples from continuous production in 
a manufacturer’s plant (see Section 3 

(a) (i)). 

{c) Progressive Test .{50 per cent 
Level). — All samples obtained in accord- 
ance with Section 3 {a) {2), (b), and (c) 
shall be given a “progressive test” in 
which the test described in Paragraph 
{a) is repeated, the temperature differen- 
tial being increased 5 F. each time by 
increasing the temperature of the hot 
water, until at least 50 per cent of the 
bottles are broken. 

Note. — B ottles which have not broken in the 
test should not be used for further testing. 

Report 

5. The report shall include the follow- 
ing information, depending on the par- 
ticular procedure used in the test. In 
all cases the detailed technique and 
criterion followed in taking the random 
sample shall be reported. 

(a) Pass Test in Accordance with Sec- 
tion 4 {b): 

(!) Time of taking sample, 

(2) Number of samples taken from 
each mold, if more than one, 

(3) The temperature differential 
employed in the test, and 

{4) Whether or not each bottle 
passed the test. 

(b) Progressive Test in Accordance with 
Section 4 (c): 

(1) The initial breakage level and 
the number broken, and 

(2) The thermal shock differential 
required to break 50 per cent of the 
bottles, interpolated to the nearest 
1 F. This figure is the “50 per cent 
breakage level” or simply the “50 per 
cent level.” 


Standard Method of 

FLEXURE TESTING OF GLASS^ 

DETERMINATION OF MODULUS OF RUPTURE 


A.S.T.M. Designation; C 158-43 
Adopted, 1943." 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 158; the final number indicates the year oi original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
procedure for determining the modulus 
of rupture of glass, that is, the stress in 
flexure which a specimen of the glass 
develops at rupture. In practice the 
modulus of rupture is usually taken as 
the stress at which the specimen breaks 
in the flexure test. 

Apparatus 

2. (o) Testing Machine . — The loading 
device shall be sufficiently adjustable to 
give a uniform rate of increase of stress 
in the specimen of 10,000 ± 1,000 psi. 
per min. (7.0 zt 0.7 kg. per sq. mm. per 
min.). The apparatus shall be suitably 
insulated from any external vibration. 

{b) Bearing Edges . — For the support 
of the test specimen a set of two knife- 
edge bearing surfaces approximately 
^ in. in radius and made of brass or 
mild steel shall be provided. The sup- 
ports shall be spaced 8 in. between 
centers. The load shall be applied 

_ * Under the standardization procedure of the Society* 
this method is under the jurisdiction of the A.S.T,M. 
Committee C-l-l on Glass and Glass Products. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1940 to 1943, being revised in 


through a third knife-edge bearing lo- 
cated centrally between the supports and 
mounted in such a manner that the 
applied load acts always in a vertical 
line. For the testing of flat specimens, 
the central bearing and one of the 
outer bearings shall be pivoted later- 
ally to compensate for minor irregu- 
larities of the test specimen. 

Test Specimens of Rods 

3. (a) Preparation of Specimens.- In- 

formation concerning the method of 
manufacture of the glass and the rods 
shall be supplied wdth the samples. 
Any special treatment given the ma- 
terial shall be indicated. At least 30 
specimens shall be used for one test 
(Note). Test specimens shall be at 
least 10 in. in length and | ± in. in 
diameter. Although most rods are of 
elliptical section, the ma.ximum and 
minimum diameters of the specimen shall 
not differ by more than 0.020 in., nor 
shall either diameter vary by more than 
0.005 in. in 10 in. The specimens shall 
be straight within | in. in 10 in., and the 
curve, if present, shall be in one plane 
only. 
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(&) Examination of Specimens . — After 
careful inspection, test specimens con- 
taining any obvious defect shall be dis- 
carded. At least ten of the specimens 
shall be examined for strain. If any of 
these is not within the requirements 
prescribed in the Appendix, the re- 
mainder of the specimens shall be ex- 
amined and those exceeding the strain 
test limit shall be rejected. 

Note. — In view of the large variation en- 
countered in measurements of the modulus of 
rupture, not only a large number but a wide 
range of samples is essential. For example, in 
the case of rods the specimens should be cut 
from a number of different lengths of cane; speci- 
mens of flat glass should be taken from several 
sheets, or at least from several regions of a single 
sheet. Otherwise, the results may be represen- 
tative of only a small sample. 

Test Specimens of Flat Glass 

4. {a) Preparation of Specimens . — 
Test specimens of flat glass shall be cut 
from sheet stock with a diamond or a 
steel wheel. Both longitudinal cuts 
shall be on the same original surface, and 
none of the original edge of the sheet 
shall be used as the longitudinal side of 
a specimen. The end cuts may be made 
on either surface. The direction of cut- 
ting approximately half the total num- 
ber of specimens shall be perpendicular 
to the direction of cutting the remainder. 
At least 30 specimens shall be used for 
one test (Note, Section 3). Specimens 
shall be approximately 10 in. in length 
and 1| rh ^ in. in width. Specimens of 
plate glass shall be J rt 0.030 in. in 
thickness. Drawn glass shall be desig- 
nated in commercial or calipered thick- 
ness within plus or minus 0,010 in. 
The thickness of any specimen shall not 
vary by more than plus or minus 
0.005 in. 

{b) Examination of Specimens . — Any 
specimen may be rejected for defects 
considered likely to cause undue weak- 
ness. Specimens showing surface 


scratches, poor cutting or splinters, re- 
entrant angles or irregularities on the 
side opposite the cutter mark shall be 
rejected. Annealing shall be such that 
the stress at the center, viewed edge- 
wise, does not exceed 200 psi. (Ap- 
pendix), 

Procedure 

5. Specimens having cut edges shall 
be broken with the cutter marks on the 
side under compression. The permis- 
sible initial load shall not exceed that 
corresponding to a stress of approxi- 
mately 4000 psi. The specimen shall 
be bent until fractured under a constant 
loading rate such that the rate of increase 
of stress is 10,000 ± 1,000 psi, per min. 

Note. — N o specimen may be rejected during 
test because of low fle.xural strength. 

Calculation and Report 

6. (a) Calculation . — The initial stress, 
rate of increase of stress, and modulus 
of rupture shall be calculated as follows; 

Stress due to initial load: 

"Wn 

Ro^ - XR 
w 

Rate of increase of stress: 



Moduhis for elliptical rod specimens: 

w 

R = 20.36 ™ 
bd^ 

Modulus for rectangular specimens: 


■where: 

R — modulus of rupture in pounds 
per square inch, 

Ro — stress due to initial load in 
pounds per square inch, 
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5 — rate of increase of stress in 
■pounds per square inch, 

Wo = initial load in pounds, 
w = breaking load in pounds, 
b = width of specimen in inches, 
d = thickness of specimen in inches, 
and 

t — time from start of continuous 
loading rate to rupture in 
minutes. 


Note. — ^Metric units may be used by sul)- 
stitution of the proper constants. 

(6) Report.— Tht report shall include 
the data itemized in Paragraph {a) and 
the maximum, minimum, and average 
value of the modulus of rupture for each 
group of similar specimens. The stand- 
ard deviation of the modulus of rupture 
shall also be obtained in accordance 
with the A.S.T.M. Manual on Presenta- 
tion of Data.2 


APPENDIX 


Method eor Measuring Strain 

Al. Strains shall be measured with a cali- 
brated wedge or Babinet compensator. 

A2. The stress optical coefficient shall be 
determined for unknown glass, but may be 
taken as 1 m^ per inch of light path which is 
equivalent to 2.18 psi. (1 ni^ per centimeter of 
light path, equivalent to 0.389 kg. per sq. cm.) 
for common soda lime window, plate, and bottle 
glass. 

A3. Laths of glass shall not have more than 
200 psi. tension at the middle nor more than 
400 psi. compression at the surface. This is 
equivalent respectively to 90 m/i and 180 mp. per 
inch of light path in common glass. 



A4. Specimens of rods may be emimined by 
viewing through a diameter distant at least four 
diameters from the nearest end. 'file ahp^ireni 
tension at the center shall not esci/ed 133 psi. 
(equivalent to 61 mp per inch of t'iiunekT for 
common soda lime glass). As an altern.riiive, 
specimens of rods may be examined by cutting 
a piece from the end and measuring the stress 
at the circumference by viewing it axiaily. The 
stress shall not e-xcced 400 psi. (equivalent to 
180 mp per inch of length for oorumon soda lime 
glass). 

2 Froceedings, Am. Soc. Tesitini; Mats., Vol. Part I, 
p. 4t)3 (1933). Also avaitabie aa a separate publication. 
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Standard Specifications for 
DRAIN TILEi 

# 

A.S.T.M. Designation; C 4 - 24 
Adopted, 1914; Revised, 1916, 1921, 1924.2 
This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 4; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover three 
classes of drain tile as follows: 

l^arm Drain Tile, intended for 
ordinary private drainage work on farms, 
for moderate sizes and depths, 

Standard Drain Tile, intended for 
ordinary district land drainage at moder- 
ate depths, 

Extra-Quality Drain Tile, intended 
for district land drainage, for consider- 
able depths and where an extra quality 
is desired. 

Basis of Purchase 

2. The purchaser shall specify the 
class or classes of tile to be supplied, 
whether Farm Drain Tile, Standard 
Drain Tile, or Extra-Quality Drain Tile. 
Standard Drain Tile shall be supplied 
where no other advance selection is 
stated. 

Basis of Acceptance 

3. {a) The acceptability of drain tile 
shall be determined (1) by the results 
of the chemical and physical tests herein- 

^ Under tlie standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-6 on Drain Tile. 

> Editorially revised in 1939. 


after specified, and (2) by visual inspec- 
tion, to determine whether ' the tile 
complies with the specifications as to 
dimensions, shape, and . freedom from 
visible external and internal defects. 

(Jb) The acceptance of drain tile as 
satisfactorily meeting one of these two 
general requirements shall not be con- 
strued as in any way waiving the other. 

Materials and Manueacture 
Materials 

4. (a) These specifications shall apply 
to drain tile made of shale, fire clays, 
or surface clays and to drain tile made 
of concrete. 

(jb) By shale is meant a thinly strati- 
fied, consolidated, sedimentaiw^ clay^ 
with well-marked cleavage parallel to 
the bedding. 

{c) By fire clay is meant a sedimentary 
clay® of low flux content. 

NoTE.-It is usuallj'’ associated with coal 
measures. 


s These descriptions of the terms “surface claY,” 
“fire clay,” and “shale” are based upon the following 
definition for the term “clay”: 

Clay —An earthy or stony mineral aggregate consisting 
essentially of hydrous silicates of alumina, plastic when 
sufficiently pulverized and v/etted, rigid vvlien dry, and 
vitreous when fired at a sufficiently high temperature. 
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{d) By surface clay is meant an un- 
consolidated, unstratified clay,® occurring 
on the surface. 

(c) By concrete is meant a suitable 
mixture of portiand cement, mineral 
aggregates, and water, hardened by 
hydraulic chemical reaction. 

(/) If the purchaser desires to exclude 
any of these materials he shall so specify 
in advance. Ail materials used shall be 
first-class of their kind and suitable for 
the purpose. 

Manufacture 

5. The method of manufacture shall 
■ be such as to insure excellence of product 
and uniformity in quality. 

Chemical Tests and 
Requirements 

Chemical Tests and Requirements 

6. (a) The purchaser may specify 
special chemical requirements as to 
resistance of the tile to chemical action 
in cases where soils or drainage waters 
have marked acid or alkaline character, 
or are of abnormally high temperature, 
and may prescribe chemical tests of the 
tile to ascertain whether these special 
requirements are met. Without a spe- 
cial agreement in advance, no drain tile 
shall be rejected by reason of its compo- 
sition as determined by ultimate chemi- 
cal analysis. 

(6) The presence in drain tile of visible 
grains or masses of caustic lime, iron 
pyrites, or any other minerals which are 
know'n to cause slaking or disintegration 
of the tile, shall be construed as a valid 
ground for rejection, unless satisfactory 
proof be submitted that the tile is 
permanent and durable, and that the 
objectionable minerals are not present 
in quantity or condition to work damage. 


Physical Tests 

Physical Tests 

7. The physical tests of drain tile 
shall include strength tests and absorp- 
tion tests, and may also include freezing 
and thawing tests when specified by the 
purchaser in advance or when called for 
by the manufacturer or other seller as 
provided in Sections 34, 35, 47, and 52. 

Selection of Specimens 

8. The specimens of tile shall all be 
selected at the factory or at the shipping 
destination, or at the trench, at the 
option of the purchaser. The selection 
shall be made by a competent inspector 
employed by the purchaser. The in- 
spector shall divide the tile into sub- 
classes if lack of uniformity in any 
important particular warrants such divi- 
sion, and shall select enougli representa- 
tive specimens of tile from each sub-class 
for a complete set of standard physical 
tests. 

Number and Cost of Specimens 

9. A standard physical test shall com- 
prise tests of five individual tiles. 
Specimens of tile may be selected by the 
inspector in such number as he judges 
necessary to determine fairly the quality 
of all the tile. The manufacturer or 
other seller shall furni.sh specimens of 
tile without separate charge up to 0.5 
per cent of the \vhoIe number of tile, 
and the purchaser shall pay for all in 
excess of that percentage at the same 
rate as for other tile. 

Strength Tests 

Test Specimens 

10. The specimens of tile for the 
strength test shall be unbroken, full-size 

tile. 
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Moisture Condition of Specimens 

11. The walls of the tile shall be, at 
the time of testing, as thoroughly wet as 
will result from completely covering 
with hay, cloth, or similar absorbent 
material, and keeping the covering wet 
for not less than 12 hr. 

Temperature Condition of Specimens 

12. No specimen of tile shall be ex- 
posed to water or air temperatures lower 
than 40 F. from the beginning of wetting 
until tested. Frozen tile shall be com- 
pletely thawed before the wetting begins. 

Weighing 

13. Each specimen shall be weighed 
on reliable scales just prior to testing, 
and the weights .slmll be reported. 

Application of Load 

14. Any machine or hand method 
which will apply the load continuously, 
or in increments not exceeding 5 per cent 
of the estimated total breaking load, 
may be used in making the test. The 
tile shall not be allowed to stand under 
load longer than is required for observ- 
ing and recording the loads. All solid 
parts of the bearing frames and bearing 
blocks shall be so rigid that the distribu- 
tion of the load will not be affected 
appreciably by the deformation of any 
part. All bearings and the specimens 
of tile shall be so accurately centered 
as to secure a symmetrical distribution 
of the loading on each side of the center 
of the tile in every direction. 

Choice of Method 

15. The purchaser shall choose (1) 
sand bearing method, (2) two-edge- 
bearing method, or (3) three-edge-bear- 
ing method, for use in making strength 
tests of drain tile (see Sections 18, 19, 
and 20). 


Calculations and Report 

16. The test results shall be calculated 
and reported, in pounds per linear foot of 
tile, in terms of the “ordinary supporting 
strength.”'* 

The ordinary supporting strength shall 
be calculated by multiplying the test 
breaking loads by the following factors: 
For sand bearings, 1.00; for two-edge 
bearings, 1.50; for three-edge bearings, 
1.50. 

The results of the strength tests shall 
be reported separately for each of the 
five individual specimens of tile con- 
stituting a standard test, together with 
the average. 

Modulus of Rupture 

17. The modulus of rupture may or 
may not be calculated and reported, at 
the option of the purchaser. Wlien 
reported it shall be calculated as follows:® 

M = 0.20 ( 1 ) 


where: 

M = maximum bending moment in 
wall in pound-inches per inch 
of length, 

r = radius of middle line of tile 
wall in inches, 

W = ordinary supporting strength, 
calculated as prescribed in 
Section 16, in pounds per 
linear foot of tile, 

f = modulus of rupture in pounds 
per square inch, and 

t = thickness of tile wall in inches. 


< The “ordinary supporting strength,” when calculated 
as specified in Section 16, is approximately equal to the 
actual supporting strength of a tile when laid in a ditch 
by the “ordinary” method. See Note under Table 11. 

‘ The coefficient of 0.20 in Eq. 1 approximates the 
value found by theoretical analysis and also that de- 
termined by extended tests. 
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Five-eighths of the weight of the tile 
per linear foot for sand bearings, or 
tliree-fourtlis for two-edge or three-edge 
bearings, shall be added to W in calcu- 
lating the maximum bending moment 
when such addition exceeds 5 per 
cent of PF. The value of t used shall 
be the average thickness of the wall at 
the top of the tile or that at the bottom, 
selecting the lesser of the two. 

Sand Bearing Method 

18. {a) When the sand-bearing 
method is used (see Fig. 1), the ends of 
each specimen of tile shall be accurately- 
marked in quarters of the circumference 
prior to the test. Specimens shall be 
carefully bedded in sand, above and 
below, for one-fourth the circumference 
of the tile measured on the middle line of 
the wall. The depth of bedding above 
and lielow the tile at the thinnest points 
shall be one-half the radius of the middle 
line of the wall. 

{h) The sand used shtdl be clean, and 
shall be such as will pass a 4760-micron 
(No. 4) sieve, 

(c) The top bearing frame shall not 
be allowed to come in contact with the 
tile nor with the top bearing plate. The 
upper surface of the sand in the top 
bearing shall be struck level with a 
straightedge, and shall be covered with 
a rigid top-bearing plate, the lower 
surface of which is a true plane, made of 
heavy timbers or other rigid material, 
capable of distributing the test load 
uniformly without appreciable bending. 
The test load shall be applied at the 
exact center of this top bearing plate, 
in such a maimer as to permit free 
motion of the plate in all directions. 
For this purpose a spherical bearing is 
preferred, but two rollers at right angles 
may be used. The test may be made 
without the use of a testing machine by 
piling -weights directly on a platform rest- 
ing on the top bearing plate, provided. 


however, that the weights shall be piled 
symmetrically about a vertical line 
through the center of the tile, and that 
the platform shall not be allowed to 
touch the top bearing frame. 

(d) The frames of the top and bottom 
bearings shall be made of timbers so 
heavy as to avoid appreciable bending 
by the side pressure of the sand. The 
interior surfaces of the frames shall 
be di'essed. No frame shall come in 
contact -with the tile during the test. A 
strip of cloth may be attached, if desired, 
to the inside of the upper frame on each 
side along the lower edge, to prevent the 
escape of sand between the frame and the 
tile. 

Two-Edge-Bearing Method 

19. (a) When the two-edge-bearing 
method is used (see Fig. 2) the ends of 
each specimen of tile shall be accurately 
marked in halves of the circumference 
prior to the test. 

(d) The tile to be tested shall be sup- 
ported by a metallic knife bearing 1 in. 
wide and extending the length of the tile. 
Before the tile is placed, a fillet of plaster 
of Paris and sand 1 in. wide, and thick 
enough to compensate for all the in- 
equalities of the tile barrel, shall be cast 
on the surface of the knife-edge bearing. 
The tile shall be placed upon the fillet 
while the plaster of Paris is still some- 
what plastic. The load shall be applied 
through an upper knife bearing of the 
same size and length as the lower bearing. 
A plaster of Paris fillet 1 in. wide shall 
be cast along the length of the crown of 
the tile to equalize the lower bearing 
before the upper one is brought into 
contact. 

(c) Both of the bearings shall be 
sufficiently rigid to transmit and receive 
uniform loads throughout their lengths 
without deflection, and shall be so 
attached to the machine as to transmit 
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and receive the maximum stresses pro- 
duced by the test without lost motion, 
vibration, or sudden shock. 

Three-Edge-Bearing Method 

20. When the three-edge-bearing 
method is used (see Fig. 3), the ends of 
each specimen of tile shall be accurately 
marked in halves of the circumference 
prior to the test. The lower bearings 
shall consist of two wooden strips with 
vertical sides, having their interior top 
corners rounded to a radius of approxi- 
mately I in. The strips shall be 
straight, and shall be securely fastened 
to a rigid block with their interior 
vertical sides 1 in. apart. The upper 
bearing shall be a wooden block, straight 
and true from end to end. The test 
load shall be applied through the upper 
bearing block in such a way as to leave 
the bearing free to move in a vertical 
plane passing midw'’ay between the 
lower bearings. In testing a tile which 
is “out of straight,” the lines of the 
bearings chosen shall be from those 
which appear to give most favorable 
conditions for fair bearings. 

Absorption Test 
Test Specimens 

21. Not less than three separate test 
specimens from each of five separate 
tiles shall be taken as a “standard sam- 
ple” for the absorption test. Of the 
three specimens from each tile, one shall 
be taken from one end, another from the 
opposite end, and the third shall be taken 
from the middle portion of the tile. 
Each specimen shall be of from 12 to 20 
sq. in. in area, measured upon the ex- 
terior or convex side, and shall be as 
nearly square as the nature of the 
material will readily permit. The speci- 
mens shall be obtained by breaking the 
tile, and shall be apparently sound, 
solid pieces of the wall of the tile, and 


shall not show cracks or fissures or 
shattered edges due to the shock of 
breaking or cutting. The specimens 
may be obtained from the broken pieces 
of the tiles used in the strength test, if 
the restrictions as to the size and location 
of the specimens can be duly observed. 
The specimens shall be so marked as to 
permit the identity of each one to be 
ascertained at any stage of the test. 

Drying Test Specimens 

22. Preparatory to the absorption 
test, all specimens shall be first weighed 
and then dried in a drier or oven, at a 
temperature of not less than 110 C. 
(230 F.) for not less than 3 hr. After 
removal from the drier, the specimens 
shall be allowed to cool to a temperature 
of 20 to 25 C. (68 to 77 F.) and re- 
weighed. If the specimens were appar- 
ently dry when taken, and the second 
weight closely checks the first, the 
specimens shall be considered dry. If 
the specimens were known to be wet 
when taken, they shall be placed in the 
drier for a further drying treatment of 
2 hr, , and reweighed. If the third weight 
checks the second, the specimens shall 
be considered dry. In case of any 
doubt, the specimens must be redried 
for 2-hr. periods until check weights are 
obtained. 

Weighing and Be weighing 

23. The balance used shall be sensitive 
to 0.5 g. when loaded with 1 kg., and 
weighings shall be read at least to the 
nearest gram. Where other than metric 
weights are used, the same order of 
accuracy must be obtained. 

In reweighing after immersion, the 
specimens shall be removed from the 
water, allowed to drain for not more 
than 1 min., the superficial water 
removed by towel or blotting paper, 
and the specimens at once put upon the 
balance. 
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Immersion of Test Specimens 

24. Specimens after weighing shall be 
placed in a suitable woven-wire recep- 
tacle, packed tightly enough to prevent 
jostling, covered with distilled water 
or rain water, raised to the boiling point 
and boiled for 5 hr., and then cooled 
in water to a final temperature of 10 
to 15 C. (50 to 59 F.). 

Calculations and Report 

25. The test results shall be calculated 
as percentages of the initial dry weight, 
carried to the nearest first decimal place. 
The results shall be reported separately 
for each individual specimen, together 
with the mean of the fifteen or more 
specimens comprising the standard sam- 
ple, the maximum and the minimum 
single observations entering into the 
mean, and the variation between the 
maximum and the minimum of the 
three specimens of each tile represented 
in the standard sample. 

Freezing-and-Thawing Tests 
Test Specimens 

26. The test specimens employed in 
making the freezing-and-thawing test 
shall be another set selected as specified 
in Section 21 for the absorption test. 

Drying Test Specimens 

27. The specimens shall be dried as 
specified in Section 22. 

Weighing and Re weighing 

28. The same scales and weights as 
are specified in Section 23 for the absorp- 
tion test or others of equivalent sensi- 
tivity and accuracy shall be employed 
for the weighings required in the freezing- 
and-thawing test. The same procedure 
in weighings and reweighing as specified 
in Section 23 shall be followed, 


Immersion of Test Specimens 

29. The specimens shall be immersed 
for 72 hr. in water having a temperature 
of 18 to 24 C. (65 to 75 F.) and then 
weighed as specified in Section 23. 

Freezing and Thawing 

30. When the specimens have been 
w^eighed after saturation with water, they 
shall be returned to the water and kept 
immersed until the freezing test is begun. 
For freezing, they shall he jilaced with 
their concave faces upward in water- 
tight metal trays, suitably mounted in a 
rigid metal crate, and immersed in ice 
water until the specimens have attained 
substantially the temperature of the 
w'ater, after which the water shall be 
drawn down to a depth of I in. in each 
tray. The crate shall then be lifted as 
a whole, without disturbing tlie speci- 
mens, and placed in the freezing 
apparatus. 

Freezing shall be performed in a quiet 
atmosphere, free from percejitible 
natural or artificial currents. If arti- 
ficial freezing apparatus is employed,*' 
the apparatus shall have sufficient Iieat- 
absorbent capacity to enable the tem- 
perature of the freezing chamber to be 
brought to —10 C. (4-14 F.) or below, 
within 30 min. after the introduction of 
the specimens. The temperature in 
the freezing apparatus shall not fall 
lower than — 20 C. ( —4 F,). The freez- 
ing shall be continued until the water in 
the trays is frozen solid. Exposure to 
freezing conditions in excess of this 
requirement shall be considered as with- 
out significance. 

At the conclusion of freezing under 
the specified conditions, the crate of 


* Fig. 4 shows a crate ami trays saitalile for use in the 
box for artificial freezing illustraleil in Fig. S. 

’Artificial freezing will generally be necessary. It 
may be conducted in a roninrercial zero iFahrenheit) 
refrigerating room, or in an artificial freezing box similat 
to the one shown in Fig. S in which zero temperature 
(Fahrenheit scale) can readily be produced by the use of 
salt and ice. 
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specimens shall be withdrawn and at 
once immersed in water at a temperature 
of 18 to 24 C. (65 to 75 F.) in a special 
receptacle of proper size. Heating shall 
be continued so that the water will re- 
gain the required temperature as soon 


weight of more than 5 per cent of the 
initial dry weight; or, 

(b) The specimens are badly cracked 
in other than lamination planes; or, 

(c) The specimens show evident seri- 
ous loss of structural strength. 


TABLE I.-PIIYSICAL TEST REQUIREMENTS FOR DIFFERENT CLASSES OF DRAIN TILE. 


Cadtion.— Drain tile meeting these requirements are not necessarily safe against cracking in ditclies. For safe 
requirements as against cracking, see Table II. 



“ Larger sizes recommended as standard are as follows: 45, 48, S4, and 60 in. 


Note. — When the freezing-and-thawing test is made as provided in Section 7, the number of 
freezings and thawings to be endured shall be as follows: For farm drain tile, 24; for standard 
drain tile, 36; for extra-quality drain tile, 48. 

as practicable after the specimens are 
immersed. A temperature of 18 to 
24 C. (65 to 75 F.) shall then be main- 
tained for not less than 2 hr. At the 
conclusion of the thawing treatment, the 
crate of specimens shall be inspected and 
the condition of each sample after each 
thawing shall be noted in the records. 

Method, of Determining Failure 

31. Failure under the free.zing-and- 
thawing treatment shall be considered 
to be reached w’-hen : 

(a) The specimens show superficial 
disintegration or spalling with loss of 


Physical Test Requirements 
Physical Test Requirements 

32, The difi'erent classes of drain tile 
shall conform to the physical test 
requirements prescribed in Table I. 

Absorption of Tile Made of Mixed Clays 

33. Drain tile made of mktures of 
surface clays with other claA^s shall con- 
form to the absorption requirements for 
surface-clay tile in Talfie I when the 
proportion of surface clay is 75 per cent 
or more and to the reciiiirements for 
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shale and fireclay tile for all other 
proportions. 

Appeal from Absorption 

34. In the event that a standard sam- 
ple (Section 21) of tile fails to meet the 
requirements of the absorption test, the 
manufacturer or other seller may de- 
mand recourse to the freezing-and- 
thawing test, to be made at his expense. 
In such recourse, the number of tiles 
tested shall be four times the number 
represented by the standard sample 
(Section 21). If the material passes 
the freezing-and-thawing test satis- 
factorily, it shall not be rejected on 
account of its failure to meet the absorp- 
tion requirements specified in Table I, 
but the average percentage of absorption 
of the specimens used in the freezing- 
and-thawing test shall be adopted as 
the maximum allowable mean absorption 
for the contract in question. 

Limits of Fluctuation of Individual Test 

Specimens in Physical Tests 

35. (a) In the strength tests, indi- 
vidual tiles of a standard test whose 
mean strength is satisfactory may fall 
25 per cent below the requirement for 
the average without causing rejection. 
In the absorption test, the absorption of 
individual tiles of a standard sample 
(Section 21) which gives a satisfactory 
mean absorption percentage, may exceed 
the average by 25 per cent without caus- 
ing rejection. In the freezing-and- 
thawing test, at least 95 per cent 
of all the tiles tested shall meet the 
requirement. 

(b) In the event of the failure of a 
standard sample (Sections 9, 21, and 26) 
to meet the above requirements, the 
manufacturer or other seller may thor- 
oughly cull the material and submit a 
portion for retest at his own expense, and 
for such retest the number of tiles per 
sample shall be 10 for the strength and 


absorption tests and 20 for the freezing- 
and-thawing test. In the event of the 
failure of the material after culling to 
pass the requirements, it shall be re- 
jected without further test. 

NoTE.-WTien the freezing-and-thawing test 
is made as provided in Section 7, the number of 
freezings and thawings to be endured shall be as 
follows: For farm drain tile, 24; for standard 
drain tile, 36; for extra-quality drain tile, 48. 

Strength when Manufacturer is held 

Responsible for Cracking in Ditches 

36. The manufacturer or other seller 
shall not be held responsible for cracking 
of drain tile in ditches unless by special 
agreement in advance, and in any event 
his obligation shall be held to be dis- 
charged by the delivery of drain tile 
having the minimum ordinary support- 
ing strengths specified in Table II; and, 
if it is not otherwise specified in advance 
by the purchaser, tile shall be supplied 
of the strengths specified for clay ditch 
filling, for “ordinary” pipe laying, and 
for widths of ditch at the level of the 
top of the tile equal to 0.5 ft. greater 
than the outside diameters of the tile. 
The purchaser shall furnish to the 
manufacturer or other seller complete 
information, in advance of receiving 
bids, as to the number of linear feet of 
drain tile of each diameter required for 
each different depth of ditch, measured 
to the nearest foot from the surface of 
the ground to the top of the tile. 

Visual Inspection 
Visual Inspection 

37. All drain tile shall be given a 
thorough visual inspection at the trench 
by a competent inspector employed by 
the purchaser. The purposes of the 
visual inspection shall be: (1) to cull and 
reject imperfect individual tiles, and 
(2) to determine whether the tiles, 
independently of meeting the chemical 
and the physical test requirements, 
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comply with the specifications of general 
properties, especially as stated herein- 
after. 

Shape 

38. All drain tile shall be of approxi- 
mately circular cross-section, except 
when otherwise specified in advance. 
They shall be approximately straight, 
except in the case of special connections. 
The ends shall be so regular and smooth 
as readily to admit of making close 
joints by turning and pressing together 
adjoining tile. 

Nominal Sizes 

39. The sizes of drain tile shall be 
designated by their interior diameters. 

Minimum Lengths 

40. Drain tile smaller than 12 in. in 
diameter shall have a minimum length 
of 12 in. Tile of from 12 to 30 in. in 
diameter, inclusive, shall have lengths 
not less than the diameters. Tile larger 
than 30 in. in diameter shall have a 
minimum length of 30 in. 

Structure 

41. Drain tile shall be substantially 
uniform in structure throughout, and 
the inspector shall investigate this 
property by examining fractured 
surfaces. 

Ring 

42. Drain tile shall give a clear ring 
when stood on end and while dry tapped 
with a light hammer. 

Color 

43. The inspector may use the color 
of drain tile as a general guide in sorting 
and inspecting, but he shall first so 
familiarize himself with the raw ma- 
terials and the processes used in the 
manufacture of the particular tile in 
question as to be competent to inter- 


pret the true meaning of variations in 
their color. 

Inside Smoothness 

44. Drain tile shall be reasonably 
smooth on the inside. 

Cracks, Checks, Chips, and Broken 
Pieces 

45. Drain tile shall be free from 
cracks and checks extending into the 
body of the tile in such a manner as lu 
decrease the strength appreciably. Tile 
shall not be chipped or ijroken in such 
a manner as to decrease tlieir strength 
materially or to adiiiit ea.rth into the 
drain. 

Use of the Terms Vitrified and Hard 
Burned 

46. All drain tile sliail be sufricicntly 
“vitrified” or “hard-burned” to afford 
the degree of supporlisig strength, per- 
centage of ulisorption, and rcsisfance to 
freezing and thawing specified in tlie 
physical test requirements jircscribed 
in Table I. 

Appeal from Results of Visual Inspection 

47. The manufacturer or other seller 
may appeal from decision.^ of Ih.e in- 
spector on questions of strength or 
structure when such cleci;;ion.s are based 
on visual inspection alone, in which case 
the point at issue shall deterniined by 
standard physical tests, the cost of 
■which shall be paid by the ajipellant, if 
the inspector was right, or hy the 
purchaser if his inspector was in error. 

Additional Distinctive Characteristics 

48. Drain tile of the different classes 
shall, in addition to all requirements 
heretofore specified, have the distinctive 
physical characteristics prescril)ed in 

Table III. 
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Testing, Inspection, and Rejection 
Making and Reporting Tests 

49. All tests shall be made by experts 
employed by the purchaser. Full re- 
ports of all tests shall be furnished the 
manufacturer or other seller on his 


TABLE III.- UlS'rrXCTlVE GENERAL PHYSICAL 
PROPERTIES OF DIFFERENT CLASSES OF 
DRAIN TILE. 


, 

Physical Properties Specilled. 

Farm Drain 
Tile. 

Standard 

Drain Tile. 

Extra-Quality 
Drain Tile. 

Allowable variation of_aveiage 
diameter belov; stseuifietl di- 




ametor, per cent 

Allowable variation _ bctv.’een 
maximum and minimum di- 
ameterr. of same tile, or aver- 
ape diannUrt. oi ad < mun; 
tile, percentage of lliidmes'j 


3 

3 

of’ 11 

Allowable vanation from 
.straishtnesfi, percentage of 


(0 

65 

length — 

Allowable ihicknesss of exterior 
blisters, lumps, and flakes 
\vhich d<' not weaken tile and 
are few in number, siercent- 


3 

3 

1 

age ot lull 1- nt, ui all 
Allowable diarnclers of abax'e 
blisters, lumps, _ and flakes, 
pcrtcntaic of mttiual di- 


20 

15 

ameter 

20 

15 

1 10 

General inspection 

careful 

rigid 1 

very 

1 rigid 


request. Tests shall be made and re- 
ported promptly. 

Expense of Making Tests 

SO. The purchaser shall pay the ex- 
pense of making all tests except as 
otherwise specified in Sections 9, 34, 
35, 47, and 52. 


Rumber of Tests 

51. The number of standard tests to 
be made shall be determined by the 
purchaser. 

General Tests and Inspection at Factory 

52. In all contracts for ten or more 
carloads of tile, preliminary general 
tests and inspection shall be made at 
the place of manufacture by the pur- 
chaser upon demand of the manu- 
facturer or other seller. The expense of 
such tests and inspection shall be paid 
by the manufacturer or other seller. 

Inspector 

53. The inspector shall be employed 
by the purchaser. 

Inspection 

54. The manufacturer or other seller 
of the drain tile shall afford the inspector 
all reasonable facilities for his work, 
both as to the selection of specimens f or 
tests, and as to visual inspection. In- 
spection shall be completed promptly. 

Rejection 

55. The inspector shall plainly mark 
all drain tile which he rejects, and such 
rejected tile shall be removed promptly 
by the manufacturer or other seller. 
Upon request of the purchaser, the 
manufacturer or other seller shall give 
full account of the removal of rejected 
tile. 
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CONCRETE SEWER PIPE* 



A.S.T.M. Designation: C 14 - 41 
Adopted, 1920; Revised, 1924, 1935, 1941 
This Standard of the American Societ}- for Testing Materials is issued under 
the fixed designation C 14; the final number indicates the 3 'ear of original 
adoption as standard or, in the case of revision, tlie year of last revision. 


Scope 

1. These specifications cover non- 
reinforced concrete pipe intended to be 
used for the conveyance of sewage, in- 
dustrial wastes, and storm water. 

Class 

2. Pipe manufactured according to 
these specifications shall be known as 
“Standard Nonreinforced Concrete 
Sewer Pipe.” 

Basis of Acceptance 

3. The acceptability of the pipe shall 
be determined by the results of the 
strength, absorption, and hydrostatic 
tests prescribed in these specifications, 
if and when required, and by inspection 
to determine whether the pipe conforms 
to these specifications as to design and 
freedom from defects. 


Materials 

Concrete 

4. The concrete shall consist of iiort- 
land cement, mineral aggregates, and 
water. 

Cement 

5. Portland cement shall conform 
to the requirements for type I or type 
III as prescribed in the Standard Speci- 
fications for Portland Cement (A.S.T.M. 
Designation: C 150) of the American 
Society for Testing Materials.^ 

A.ggfegates 

6. Aggregates shall conform to the 
Standard Specifications for Concrete Ag- 
gregates (A.S.T.M. Designation: C 33) 
of the American Society for Testing 
Materials.® 

Mixture 


— ^ 7. The aggregates shall be so graded 

1 Under_ the standardization procedure of the Society, and proportioned and thoroughly mixed 
these specifications are under the jurisdiction of the 

A.S.T.M. Committee C-13 on Concrete Pipe. 

s Prior to adoption as standard, these specifications 

were published as tentative from 1917 to 1920, being revised ’ Appears in this publication, see Content.? in Numeric 

in 1918, 1919, and 1920. Sequence of A.S.T.M. Designations at front of book. 
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in a batch mixer with such proportions 
of cement and water as will produce a 
homogeneous concrete mixture of such 
quality that the pipe will conform to the 
test and design requirements of these 
specifications. In no case, however, 
shall the proportion of portland cement 
in the mixture be less than six U. S. 
standard bags (94 lb.) per cubic yard of 
concrete. 

Physical Test Requirements 
Crushing Strength and Absorption 

S. The crushing strength and absorp- 
tion of nonreinforced concrete sewer pipe 
shall conform to the requirements pre- 
scribed in Table I. The individual re- 

TABLE I.~PHYSir.‘\L TEST REQUIREMENTS OF 
CONCRETE .SEWER PIPE. 

Note.-- For i-ipc 2i to 108 in. in internal diameter, see 
the Standard Specifications for Reinforced Concrete 
Sewer Pipe De-ienation: C 7S) of the American 

Society for Testin'; .Materials, = 


Interna! 

Average Strength, lb. 
per linear foot 

Maximum 
Absorption, 
per cent 

Diameter, in. 

Three-Edge- 

nearlm; 

Method" 

Sand- 

Bearinj? 

Method'' 

4 

1000 

1500 

8 

6 

1100 

1650 

8 

8 

1300 

1950 

8 

10 

1400 

2100 

S 


1500 

2250 

8 

IS 

1750 

2620 

8 

18 

2000 

3000 

8 

21 

2200 

3300 

8 

24 

2400 

3600 

8 


" See Section Li. 
* See Section 16. 


suits of the various tests for each size of 
pipe and for each shipment and plant 
shall be tabulated separately so as to 
show the percentage that fails to con- 
form to the requirements of each test. 

Hydrostatic Test 

9. When subjected to the internal 
hydrostatic pressures specified in Section 
19, the pipe shall show no leakage. 
Moisture appearing on the surface of 
the pipe in the form of patches or beads 


adhering to the surface shall not be con- 
sidered leakage. 

Test Specimens 

10. (a) The specimens to be tested 
shall be selected by the purchaser or his 
representative at the point or points 
designated by him when placing the 
order. 

{b) The manufacturer or seller shall 
furnish, without charge, specimens for 
tests, up to 0.5 per cent of the number of 
pipe of each size included in the order, 
except that in no case shall less than two 
specimens be furnished. The test speci- 
mens shall be sound, full-size pipe. 

Measurement and Observation of Speci- 
mens 

11. (a) The test specimens shall first 
be freed from all visible moisture. 
When dry, each specimen shall be 
weighed, measured, and inspected. The 
results of these observations shall be 
recorded. 

(5) Defective Specimens . — Specimens 
which, when placed in a vertical position, 
do not give a metallic ring when struck 
with a hammer, or are observed to have 
cracks or other defects in form or dimen- 
sions in excess of the limits permitted in 
these specifications, shall be discarded 
and replaced with additional specimens 
from the shipment. 

Crushing Strength I'ests 
Crushing Strength Tests 

12. Pipe shall be tested for crushing 
strength by either the three-edge-bearing 
method or the sand-bearing method 
as described in the following Sections 
15 and 16. Either of the two specified 
bearing methods may be used on retests 
as provided for in Section 20 (a) and (5) . 

Number of Tests 

13. The crushing strength test shall 
ordinarily be applied to not less than 
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75 per cent of the specimens received for 
purpose of tests. 

Apparatus and Application of Load 

14. (a) Any prime mover or hand- 
power device that will apply the load 
at a uniform rate of about 2000 lb. per 
min., or in increments of not more than 
100 lb. at the same rate, may be used in 
making the test. 

(&) The center of the load shall be 
applied to the top bearing block at a 
point distant from the spigot end of the 
pipe equal to one half of the over-all 


affected appreciably b}’ the deformation 
or yielding of any part. The bearings 
shall be sufficiently rigid to transmit and 
receive uniform loads thrmighoui their 
lengths without deflection, and shall be 
so attached to the machine as to trans- 
mit and receive the maximum siresse? 
produced by the tests witliout lost 
motion, vibration, or sudden shock. 

(e) The bearings a?id the specimen 
shall be accurately centered so as to 
secure a symmetrical dlstriljiition of Urn 
loading on each side of the center of the 
pipe in every direction. 



length of the pipe. The test load shall 
be applied to the upper bearing block 
in such a way as to leave the bearing free 
to move in a vertical plane passing mid- 
way between the lower bearings. In 
testing pipe that is “out of straight,’' the 
lines of the bearings chosen shall be 
from those which appear to give most 
favorable conditions for fair test. 

(c) The pipe shall not be allowed to 
stand under load longer than is required 
to apply the load and to observe and 
record it. 

(d) The testing machine shall be sub- 
stantial and rigid throughout, so that 
the distribution of the load will not be 


(/) The load shall be applied until 
tire pipe yields by cracks • la.s.sing through 
the shell. 

(g) The crushing strength sludl be 
calculated by dividing iiie tijlal load 
required to break eadi pi|)e by the laying 
length of the barrel of tire pipe, nn.-asur- 
ing from the bottom of the socket to tiie 
end of the spigot. 

Three-Edge-B earing Method 

15. When the Ihrec-edge-bearing 
method (see Fig. 1) is used, tlie ends of 
each specimen of pipe shall be acc'umtc-ly 
marked in halves of the drctinifercnce 
prior to the test. The lower bearings 
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shall consist of two wooden strips with the pipe is placed, a fillet of plaster of I 

vertical sides having their interior top Paris and sand thick enough to compen- 

corners rounded to a radius of approxi- sate for the inequalities of the pipe bar- 

matelylin. The strips shall be straight rel shall be cast on the surface of the 

and shall be securely fastened to a rigid lower bearings. The pipe shall be ! 

block at least 6 by 6 in. in cross-section, placed upon the fillet while the plaster 



Upper 

Side View. Bearin 3 Frame. 


Fig. 2. — Sand Bearings. 

The interior vertical sides of the strips of Paris is still somewhat plastic. The 

shall be parallel and spaced a distance upper bearing shall be a rigid wooden 

apart of 1 in. per foot of pipe diameter block at least 6 by 6 in. in cross-section, 

but ill no case less than 1 in. If re- straight and true from end to end. A 

Quested by the manufacturer or the fillet of plaster of Paris may also be cast 

purchaser prior to the test, before along the length of the crown of the 
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pipe to equalize the bearing. The upper 
bearing shall be brought in contact while 
the plaster of Paris is still somewhat 
plastic. The upper and lower bearings 
shall extend the full length of the pipe 
exclusive of the socket. 

Sand-Bearing Metliod 

16. (o) When the sand-bearing method 
(see Fig. 2) is used, the ends of each 
specimen of pipe shall be accurately 
marked in quarters of the circumference 
prior to the test. Specimens shall be 
carefully bedded in sand, above and 
below, for one fourth the circumference 
of the pipe measured on the middle line 
of the barrel. The depth of the bedding 
above and below the pipe at the thinnest 
points shall be one half the radius of the 
middle line of the barrel. 

(&) The sand used shall be clean and 
shall contain not less than 5 per cent 
of moisture, and shall be such as will 
pass a 4760-micron (No. 4) sieve. The 
sand in the lower bearing shall be loose 
when the pipe is placed. 

(c) The top bearing frame shall not be 
allowed to come in contact with the pipe 
nor with the top bearing plate. The 
upper surface of the sand in the top 
bearing shall be struck off level with a 
straightedge, and shall be covered with 
a rigid top bearing plate, the lower sur- 
face of which is a true plane, made of 
heavy timbers or other rigid material 
capable of distributing the test load 
uniformly without appreciable bending 
The test load shall be applied at the 
exact center of this top bearing plate, 
in such a manner as to permit free mo- 
tion of the plate in all directions. For 
this purpose a spherical bearing is pre- 
ferred, but two rollers at right angles 
may be used. 

(d) The test may be made without the 
use of a testing machine, by piling weights 
directly on a platform resting on the top 
bearing plate; provided, however, that 


the weights shall be piled syinmetrlcally 
about a vertical line through the center 
of the pipe, and that the platform sliall 
not be allowed to touch the top bearing 

frame. 

(e) The frames of the top and bottom 
bearings shall be made of timbers so 
heavy as to avoid appreciable bending 
by the side pressure of the sand. 'Fhe in- 
terior surfaces of the frames sliail be 
dressed. No frame shall come in con- 
tact with the pipe during the test. A 
strip of cloth may be attached, if desired, 
to the inside of the. upper frame on each 
side, along the lower edge, to prevent 
the escape of sand between tlie frame 
and the pipe. 

Absorption Test 

Absorption Test 

17. Absorption tests shall be made in 
accordance with the pruced’are described 
in the following Paragraph.s (a) to {e)\ 

(а) 2'est Specimens.-- 'Fbe number of 
absorption test sjiecimens shall be equal 
to the number of pipe provided for test- 
ing. The specimens sliall be obtained 
from pipe that are acceptable as to 
strength, and shall be taken from pipe 
used in making the strength test after 
that test is made. The specimens shall 
be marked with the number or identifica- 
tion mark of the pipe from wliich they 
were taken. Each specimen shall have 
an area of 12 to 20 sq. in., as measured 
on one surface of tlie pipe, and a thick- 
ness equal to the full depth of the pipe 
shell, and shall be free from visible 
cracks. 

(б) Drying Specimens 

shall be dried at a temperature not to 
exceed 230 F. (HOC.) until two suc- 
cessive weighings at inter\ails of not less 
than 2 hr. show an increment of loss not 
greater than 0.1 per cent of the original 
weight of the specimen. 

(c) Immersion and 2ieweighmg.-~-The 
dried specimehs shall be placed in a 
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suitable receptacle, covered with dis- 
tilled water or rain water, raised to the 
boiling point and boiled for 5 hr., and 
then cooled in water to a final tempera- 
ture of from 59 to 68 F. (15 to 20 C.). 
When cool, the specimens shall be re- 
moved from the water and allowed to 
drain for not more than 1 min. The 
superficial water shall then be removed 
by a towel or blotting paper, and the 
specimens immediately weighed. 

{d) Weighing Apparatus . — The bal- 
ance used shall be sensitive to 0.5 g. 
when loaded with 1 kg., and weighings 
shall be read at least to the nearest 
gram. When other than metric weights 
are used, the same degree of accuracy 
shall be obtained. 

{e) Calculations and Report . — The in- 
crease in weight of the boiled specimen 
over its dry weight shall be taken as the 
absorption of the specimen, and shall 
be expressed as a percentage of the dry 
weight. The results shall be reported 
separately for each specimen. 

Hydrostatic Test 
Number of Tests 

18. Sound, full-size pipe not exceeding 
about 25 per cent of the specimens re- 
ceived for purpose of tests in each size 
of pipe, shall be tested for leakage under 
internal hydrostatic pressure. 

Hydrostatic Test 

19. (a) The ends of the pipe shall be 
tightly closed by wooden or metallic 
bulkheads or covers faced with rubber 
or leather so that no leakage shall occur 
through the covers at the test pressure. 
One cover shall be provided with a f-in. 
nipple passing through the cover, and 
held securely in place and made water- 
tight by means of locknuts and washers 
or gaskets. The outer end of the nipple 
shall be connected with a pump dis- 
charge or water service line. 

(b) Water pressures, as measured by 
a standardized gage attached to the de- 


livery pipe close to the specimen, shall 
be internally applied to the specimen 
as follows: 

5 psi. for 5 min. 

10 psi. for 10 min. 

15 psi. for 15 min. 

Acceptance or Rejection on Results 
OF Tests 

Acceptance or Rejection 

20. (a) Failure of 20 per cent of the 
specimens to meet the requirements of 
any of the tests specified in Sections 4 to 
19 shall result in rejection of all the pipe 
in the shipment or delivery, correspond- 
ing to the sizes thus failing to comply; 
except that in the event of 20 per cent 
of the specimens in any size failing to 
meet the requirements, the manufac- 
turer or seller may, with the consent of 
the purchaser, furnish for test, without 
charge, additional .specimens from the 
same shipment to be selected as specified 
in Section 10. In case more than 80 per 
cent of the specimens tested, including 
those first tested, shall show substantial 
conformance for each of the various tests 
performed, then the entire shipment or 
delivery for this size shall be accepted; 
otherwise it shall be rejected. 

(&) In addition to the requirements in 
Paragraph (a), failure of individual 
specimens tested to develop 75 per cent 
of the average crushing strength require- 
ments shall be cause for rejection of the 
shipment, but the manufacturer or seller 
may cull the pipe and submit the balance 
of the shipment for retest, and if the 
shipment then conforms to all of the 
requirements of these specifications it 
shall be accepted. 

Sizes and Permissible Variations 
Sizes and Dimensions 

21. Pipe shall be furnished of the sizes, 
internal diameters, and dimensions pre- 
scribed in Tables II and III. Where 
several lengths are mentioned in the 
table the purchaser shall indicate, at 
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the time of purchase, which lengths shall 
be furnished; and unless so indicated, 
the manufacturer shall furnish such 
lengths as he may elect. 


TABLE II.-DIMENSIONS OF CONCRETE SEWER 
PIPE. 


Note.— For pipe 24 to 108 in. in internal diameter, see 
the Standard Specifications for Reinforced Concrete 
Sewer Pipe (A.S.T.M. Designation: C7S) of the American 
Society for Testing Materials.® 


Internal Diameter 
W), in. 

Laying 

Length 

(A), ft. 

Inside Diameter j 
at Mouth of I 

Socket (Di), in.“ | 

ft 

Minimum Taper of 
Socket (II) 

Thickness of Barrel 
(D.in. 

Thickness of 
Socket (Ts) 

4,... 

2, 2ti 3 

6 

134 

1:20 


The thickness o£ 

6.,,. 

2, 2H. 3 

SH 

2 

1:20 

the socket M 

8 ..,. 

2. 2Hi. 3,4 

mi 

2}4 

1:2(J 

il 

in. from its 

10.... 

2, 214, 3, 4 

13 


1:20 

outer end shall 

12.... 

2, 2M, 3, 4 

s 

22)1 

2)4 

1:20 


be not less 

IS.... 

2, 2J4, 3, 4 

2M 

1:2C 

l‘4 

than three 

18.... 

2, 2J4, 3, 4 

2?-^|l:2C 

m 

fourths of the 

21.... 

2, 2)4, 3, 4 

26 

2Mll:2C 

IM 

2'A 

thickness of 

24. . . . 

2, 2*4, 3, 4 

2914 


1:20 

the barrel of 
the pipe. 


“ When pipes are furnished having an increase in 
thickness over that given in last column, then the diam- 
eter of socket shall be increased Iiy an amount equal to 
twice the increase of thickness of barrel. 


Note.— For pipe 24 to 108 in. in internal diameter, see 
the Standard Specifications for Reinforced Concrete 
Sewer Pipe (A.S.T.M. Designation; C75) of the .\merican 
Society for Testing Materials.® 


Nominal 

Size, 

Internal 

Limits of Permissible Variation in; 

Length, 
in. per 

Internal 
Diameter, in. 

Depth 

of 

Socket, 

(-)■“ 

Thick- 
ness of 
Barrel, 
in. 
(_)« 


ft. 

(-)“ 

S^got 

Socket 

(A:)* 

4 

M 


1/ 

H 

A 

Hp, 

6 


kr> 


8 



1 

H 

10 


j/ 


12 

H 

H 



$ 

He 

IS 

IS 

M 

li 

H 

M 

21 



Ho 

1 

24... 



Ho 









“The minus sign (—) alone indicates that the plus 
variation is not limited; the plus and minus sign (cfc) indi- 
cates variation in both excess and deficiency in dimension. 


Permissible Variations in Dimensions 


22. The permissible variations from the 
dimensions prescribed in Table II shall 
not exceed those stated in Table III. 
Where the thickness of barrel is in- 
creased beyond that given in Table 11 


in order to meet the specified require- 
ments of strength, the diameter at the 
inside of the socket shall he increased 
by double the increase in thickness of 
the barrel. Pipe intended to be straight 
shall not have variation in. alignment of 
more than in. per foot of length. 




Fig. 3. — .Application of Dimensions Given in 
Table .11. 

Workmanship and FiNrsn 

Absence of Defects 

23. Pipes shall be .substaiitially free 
from fractures, large or deep cracks and 
blisters, laminations, and surface rough- 
ness. 


Finish of Ends 

24. The ends of the |:)ipe.s shall be 
square with their longitudinal axis. 

Specials 

25. {a) Special shapes shull have a plain 
spigot end and a socket end correspond- 
ing in all respects vrilli ihe dimcnsir'ns 
specified for pipe of the c(,dTesi'.()nf.!ing 
internal diameter, Pranclies sliall i.)C 
furnished to lay the same lengths as 
straight pipe. All specials shall conform 
in finish to the specifications for jupes 
given in Sections 23 and 24. 

(&) Slants shall have their spigot ends 
cut at an angle of apimndmately 45 deg. 
with the longitudinal axis. 

(c) Curves shall lie at angles of 90, 45, 
22^ deg., as recp-iired. They shall con- 
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form substantially to the curvature 
specified. 

(d) Branches shall be furnished with 
the connection or connections of the 
size or sizes specified, securely and com- 
pletely fastened in the process of manu- 
facture to the barrel of the pipe. T- 
branches and double T-branches shall 
have their axes perpendicular to the 
longitudinal axis of the pipe. Y- 
branches, double Y-branches, and V- 
branches shall have their axes approxi- 
mately 45 deg. from, the longitudinal 
axis of the pipe measured from the socket 
end. All branches shall terminate in 
sockets, and the barrel of the branch 
shall be of sufficient length to permit 
making a proper joint when the con- 
necting pipe is inserted in the branch 
socket. 

(e) Channel or split pipe, curves and 
branches shall be accurate half sections 
of the corresponding size of pipe or other 
specials. 

Marking 

Marking 

26. Each length of pipe shall bear 
the initials or name of the person, com- 
pany, or corporation by vdiom manu- 
factured, and the location of the plant. 
The markings shall be indented or 
stenciled on the exterior or interior of 
the barrel near the socket and shall be 
plainly legible for purpose of identifica- 
tion. 

Inspection and Rejection 
Inspection 

27. Each length of pipe sliall be sub- 
ject to inspection at the factory, trench, 
or other point of delivery by a competent 
inspector employed by the purchaser. 
The purposes of the inspection .shall be 
to cull and reject pipe wliich, independ- 
ent of the physical tests herein specified, 
fails to conform to the requirements of 
these specifications. 


Rejection 

28. Pipe shall be subject to rejection 
on account of any of the following: 

{a) Variations in any dimension ex- 
ceeding the permissible variations pre- 
scribed in Table III. 

(6) Fractures or cracks passing 
through the shell or socket, except that 
a single crack not exceeding 2 in. in 
length at either end of a pipe or a single 
fracture in the socket not exceeding 
3 in. in width nor 2 in. in length shall 
not be considered cause for rejection 
unless these defects exist in more than 
5 per cent of the entire shipment or 
delivery. 

(c) Blisters where ’ the surface is 
broken or which project more than | in. 
above the surface. 

(d) Defects that indicate imperfect 
mixing and molding. 

(e) Cracks sufficient to impair the 
strength, durability, or serviceability 
of the pipe. 

(/) Variation of more than | in. per 
linear foot in alignment of pipe intended 
to be straight. 

(g) Failure to give a clear ringing 
sound when placed on end and dry- 
tapped with a light hammer. 

(h) Insecure attachment of branches 
on spurs. 

(i) The complete absence of distinct 
web-like markings, which is indicative 
of a possible deficiency of water in the 
concrete mix, from the external surface 
of pipe made by any process in which the 
forms are removed immediately after the 
concrete has been placed. 

Marking of Rejected Specimens 

29. All rejected pipe shall be plainly 
marked by the inspector and shall be 
replaced by the manufacturer or seller 
with pipe which will meet the require- 
ments of these specifications, without 
additional cost to the purchaser. 


Standard Specifications for 
REINFORCED CONCRETE SEWER PIPE' 



A.S.T.M. Designation: C 75-41 
Adopted, 1935; Revised, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 75; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover rein- 
forced concrete pipe intended to be used 
for the conveyance of sewage, industrial 
wastes, and storm water. 

Class 

2. Pipe manufactured according to 
these specifications shall be known as 
^‘Standard Reinforced Concrete Sewer 
Pipe." 

Basis of Acceptance 

3. The acceptability of the pipe shall 
be determined by the results of the 
strength and absorption tests prescribed 
in these specifications, if and when re- 
quired, and by inspection to determine 
whether the pipe conforms to these 
specifications as to design and freedom 
from defects. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-13 on Concrete Pipe. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1930 to 1935, being re- 
vised in 1934 and 1935. 


Materials 
Reinforced Concrete 

4. The reinforced concrete shall con- 
sist of Portland cement, mineral aggre- 
gates, and water, in which steel has been 
embedded in such a manner tliat the 
steel and the concrete act together. 

Cement 

5. Portland cement shall conform to 
the requirements for type I or type III 
as prescribed in the Standard Specifica- 
tions for Portland Cement (.A.S.'F.M. 
Designation: C 150) of the American 
Society for Testing Materials.® 

Steel Reinforcement 

6. Reinforcement may consist either 
of wire conforming to the Stanilanl 
Specifications for Cold-Drawn Steel Wire 
for Concrete Reinforcement (A.S.'l’.M. 
Designation: A 82) or of bars of 
structural or intermediate graile con- 
forming to the Standard Specifications 
for Billet-Steel Bars for Concrete Rein- 

3 Appears in this publication, set Cnnttnt'- in Numeric 
Sequence of A.S.T.M. Designations at front of book. 

19-14 Book of A.S.T.M. Standards, Part I. 
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forcement (A.S.T.M. Designation: A 15)^ 
of the American Society for Testing 
Materials. 

Aggregates 

7. Aggregates shall conform to the 
Standard Specifications for Concrete 
Aggregates (A.S.T.M. Designation: C 
33) of the American Society for Testing 
Materials.’^ 


shall the proportion of portland cement 
in the mixture be less than six U. S. 
standard bags (94 lb.) per cubic yard of 
concrete. 

Design 

Minimum Designs 

9. The shell thickness and the amount 
of circumferential reinforcement shall 


Note.— For pipe 4 to 24 in. in internal diameter, see the Standard Specifications for Concrete Sewer Pipe CA.S.T.M. 
Designation: C 14) of the American Society for Testing Materials.^ 


Three- 

Edge- 

Bearing 

Method 


Sand- 

Bearing 

Method 




Minimum Design Requirements'* 


Concrete, 3000 psi. Concrete, 3500 psi. Concrete, 4000 psi. 


Total Steel Area, 
sq. in. per linear ft. 


0.06 
0.00 
0.06 
0.06 
0.06 
0.07 
0.09 

u.v. 0.11 

ines" totalling 0.14 
nesf totalling 0.16 
nes” totalling 0.21 
i" totalling 0.25 
totalling 0.29 
ines!' totalling 0.32 
iiiesj totalling 0.36 
ines* totalling 0.40 
ines* totalling 0.43 
i* totalling 0.49 
;* totalling 0.57 
.* toialling 0.67 


1 line 
1 line 

1 line , 

2 lines* 
2 lines* 
2 lines* 
2 lines* 
2 lines* 
2 lines* 
2 lines* 


0,08 

0.10 

0.12 

0.14 

totalling 0.20 
totalling 0.23 
totalling 0.27 
totalling 0.32 
totalling 0.38 
totalling 0.44 
totalling 0.47 


line 

line 

line 

lines* 

lines' 

lines* 

lines* 

lines* 

lines' 

lines* 


0.07 
0.07 
0.09 
0,12 
0,14 
0.17 
totalling 0.23 
totalling 0.27 
totalling 0.32 
totalling 0.,3S 
totalling 0.44 
totalling 0.47 
totalling O.SS 


The distance from the center line of the reinforcement to the nearest surface of the concrete has been assumed in the 
design tables as 1 in. 

* Where two lines of steel are specified, a single line placed elliptically may be used, and the area of this shall be at 
least 50 per cent of the total steel area specifieil in the design table. 


Mixture 

8. The aggregates shall be so graded 
and proportioned and thoroughly mixed 
in a batch mixer with such proportions 
of cement and water as will produce a 
homogeneous concrete mixture of such 
quality that the pipe will conform to the 
test and design requirements of these 
specifications. In no case, however, 


be not less than the minimum design 
requirements prescribed in Table I. 

Alternate Designs 

10. Manufacturers may submit to the 
purchaser, for approval, designs other 
than those in Table I, provided that 
such pipe shall conform to the same 
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physical tests and inspection require- 
ments prescribed in these specifications 
for the pipe for which it is substituted. 
In no alternate design, however, shall 
the shell thickness be less than that 
prescribed in Table I. 

Placing Reinforcement 

11. When two lines of reinforcement 
are used in circular pipe, one shall be 
placed near the inner and one near the 
outer surfaces of the pipe. When a 
single line of circular reinforcement is 
used in circular pipe, it shall be placed 
near the mner surface of the pipe shell. 
The single line of elliptical reinforcement 
used in circular pipe, or the single line 
of circular reinforcement in elliptical 
pipe shall be placed near the inner sur- 
face at the “top” and “bottom” of the 
pipe and near the outer surface at the 
sides (see Section 32 (d)). 

Longitudinals 

12. Each line of circumferential rein- 
forcement shall be assembled into a cage 
which shall contain sufficient longitu- 
dinal bars or members, extending 
through the barrel of the pipe, to main- 
tain the reinforcement rigidly in exact 
shape and correct position within the 
form. 

Laps, Welds, and Spacing 

13. If the splices are not welded, the 
reinforcement shall be lapped not less 
than 30 diameters for bars, and 40 di- 
ameters for cold-drawn wire. If welded, 
the member at either a welded splice or 
intersection shall develop a tensile 
strength not less than the minimum 
strength required for the reinforcement 
by the applicable specifications cited in 
Section 6, The spacing center to center 
of adjacent rings of circumferential 
reinforcement in a cage shall not exceed 
4 in. for pipe up to and including 48 in. 
in diameter, nor exceed the shell thick- 
ness for larger pipe, and shall in no case 
exceed 6 in. 


Joints 

14. The ends of rcinfort.cd eoncrele 
sewer pipe shall be so formed that when 
the pipe are laid together and the joints 
cemented, they will make a coiilinnous 
and uniform line of pipe with a. srnootii 
and regular interior surface. The joints 
shall be of such design as wdll p-ennit 
effective cementing h.) reduce leakage 
and infiltration t(j a satisfactory mini- 
mum and to permit })]arenient without 
appreciable irregularities i!i the flow line. 
Joint Reinforcement 

15. In all pipe 36 iii. or more in 
diameter, the joint shall have :i circum- 
ferential reinforcement equal in area to 
that of a single line within tlie l;»arrel 
of the pipe. 

Physical Test Requik e&ients 
Strength Requirements 

16. The ultimate load, as deletauined 
by either of the methods dcscriln-cr in 


fper mch- 



0.0!" in Thickness-'’ 


Fig. l.~-Gage Leu! for Measuring Cracks. 

Sections 23 and 24, shall be not less than 
the ultimate load prescribed in 'Fable I. 
When the test load reaches the cracking 
load given in the table fur the siae of 
pipe tested, there shall be in the barrel 
of the pipe no crack having a width of 
0.01 in. or more for a length of 1 ft. or 
more. The crack shall be cunsidcred 
0.01 ill. in width wdien the poiiit of the 
measuring gage will, without forcing, 
penetrate it iV in. at close intervals 
throughout the specified tllstance of 1 ft. 
The width of crack shall be measured b}' 
means of a gage made from a lc;if 0.01 
in. in thickness (as in a set of sland;ird 
machinists gages), ground to a ])oinl 
iV in. in width, with corners rounded, 
and a taper of f in, per incii, as iilus- 
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trated in Fig. 1. The ultimate load is 
reached when the pipe will sustain no 
greater load. 

Strength Requirements, Elliptical Pipe 

17. Elliptical pipe shall conform to 
the test requirements for circular pipe 
having the same horizontal internal 
diameter. 

Test Requirements and Acceptability 

Under Absorption Tests 

18. Tim absorption, determined as 
specified in Section 27, shall not exceed 
8 per cent of the dry weight. Pipe shall 
be considered as conforming to these 
specifications for absorption when not 
less than SO per cent of the number of 
specimens tested, including any retested, 
conform to tlie test requirements. 
When tlie initial alisorption specimen 
from a pipe fails to conform to these 
specifications, the alisorption test sliall 
be made on anotlicr specimen from the 
same pipe and the results of tlie retest 
shall be substituted for the original 
test results. 

Crushing Strength Tests 
Test Specimens 

19. The specified number of pipe for 
purpose of tests shall be furnished with- 
out charge by the manufacturer and shall 
be selected at random by the purchaser, 
and shall be pipe which would not other- 
wise be rejected under these specifica- 
tions. The .select icm shall be made at 
the point or ])(.)in(s designated by the 
purchaser when placing the order. The 
test specimens shall be surface-dry when 
tested and shall not have been exposed 
to a temperature below 40 F. (5 C.) 
for the 24 hr. immediately preceding the 
test. 

Preliminary Tests and Tests for Ex- 
tended Deliveries 

20. A purchaser of pipe, whose needs 
require shipments at intervals over 
extended periods of time, shall be entitled 


to preliminary tests of not more than 
three sections of pipe covering each size, 
12 to 72 in. in diameter, in which he is 
interested. The acceptability of 78- to 
108-in. pipe shall be determined by tests 
of the quality of the concrete as placed 
in the pipe and by examination of the 
quality, amount, and accuracy of place- 
ment of the ' reinforcement. The 
strength of the concrete shall be deter- 
mined from 6 by 12-in. test cylmders 
made from the concrete used in making 
the pipe and manufactured and cured 
under identical conditions with the pipe. 
Compression tests of such cylinders 
shall be made in accordance with the 
Standard Method of Test for Compres- 
sive Strength of Molded Concrete Cylin- 
ders (A.S.T.M. .Designation: C 39) of the 
American Society for Testing Materials.'^ 
After these preliminary tests, a purchaser 
shall be entitled to additional tests in 
such numbers and at such times as he 
may deem necessary, provided that the 
total number of pipe tested shall not 
exceed 0.5 per cent of the pipe deliv- 
ered. 

Crushing Strength Tests 

21, Pipe may be tested for strength 
by either the three-edge-bearing method 
or the sand-bearing method, as de- 
scribed in Sections 23 and 24. 

Apparatus 

22. {a) In making the test, any me- 
chanical or hand-power device may be 
used in which the head that applies the 
load moves at such a speed as to increase 
the load at a uniform rate of approxi- 
mately 2000 lb. per linear foot of pipe 
per minute. 

(6) It is necessary that the testing 
machine used for the strength tests shall 
produce a uniform deflection throughout 
the full length of the pipe. The testing 
machine shall be substantial and rigid 
throughout, so that the distribution of 
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the load will not be affected appreciably 
by the deformation or yielding of any part. 

(c) The load shall be applied continu- 
ously until the required strength of the 
pipe specified in Table I is reached. The 
load per linear foot of pipe shall be 


Three-Edge-Bearing Method 
23. When the three-edge-bearing 
method is used (see Figs. 2 and 3), the 
ends of each specimen of pipe shall be 
accurately marked in halves of the cir- 
cumference prior to the test. The lower 



Fig. 2. — Three-Edge Bearings. 



calculated by dividing the total recorded 
load by the laying length. The pipe 
shall not be allowed to stand under 
load longer than is required to apply the 
load and to observe and record it. The 
pipe shall be surface-dry when tested. 


bearings shall consist of two wooden 
strips with vertical sides having their 
interior top corners rounded to a radius 
of approximately | in. The strips shall 
be straight and shall be securely fastened 
to a rigid base. The interior vertical 
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sides of the strips shall be parallel and and 3. In testing pipe which is “'out of 
spaced a distance apart of 1 in. per foot line,” the lines of the bearings chosen 
of pipe diameter, but in no case less than shall be from those which appear to give 
1 in. The upper bearing shall be a rigid the most favorable conditions for fair 
wooden block, straight and true from test. 



Side View. Beann3 Frame. 

Fig. 4. — Sand Bearings. 

end to end. The upper and lower bear- Sand-Bearing Method 
ings shall extend the full length of the 24. (c) When the sand-bearing method 
pipe exclusive of the bell. The pipe is used (see Figs. 4 and 5), the ends of 

shall be placed symmetrically between each specimen of pipe shall be ac- I 

the two bearings as illustrated in Figs. 2 curately marked in quarters of the cir- 
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cuniference prior to the test. Specimens 
shall be carefully bedded in sand, above 
and below, for one fourth the circum- 
ference of the pipe measured on the 
middle line of the barrel. The depth 
of bedding above and below the pipe at 
the thinnest points shall be one half the 
radius of the middle line of the barrel. 

(5) The sand used shall be clean and 
shall contain not less than 5 per cent of 
moisture, and shall be such as will pass 
a 4760-micron (No. 4) sieve. The sand 
in the lower bearing shall be loose when 
the pipe is placed. 
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Fig. 5. — Sand Bearings, 

{c) The top bearing frame shall not be 
allowed to come in contact with the pipe 
nor with the top bearing plate. The 
upper surface of the sand in the top 
bearing shall be struck off level with a 
straightedge, and shall be covered with 
a rigid top bearing plate, the lower sur- 
face of which is a true plane, made of 
heavy timbers or other rigid material 
capable of distributing the test load uni- 
formly without appreciable bending. 
The test load shall be applied at the 
exact center of this top bearing plate, or 
in such manner as to produce uniform 
deiiection throughout the full length 
of the pipe. For this purpose a spherical 
bearing is preferred, but two roUers at 
right angles may be used. 

(d) The test may be made without the 


use of a testing machine, by piling 
weights directly on a platform resting on 
the top bearing plate; provided, however, 
that the weights shall be piled sym- 
metrically about a vertical line through 
the center of the pipe, and that the plat- 
form shall not be allowed to toiidi tlie 
top bearing frame. 

(e) The frames of l lie lop and bottfun 
bearings shall be made of timlicrs so 
heavy as to avoid api)red:il.)l(; bendin.jr 
by the side pressure of the sand. I'he in- 
terior surfaces of the frames .shall be 
dressed. No frame shall eonie iji con- 
tact with the pipe during the (e.'^t. A 
strip of doth may i')e attadied., if de- 
sired, to the inside of the upper frame 
on each side, along the lower edge, to 
prevent the escape of sand lietween the 
b-ame and the pipe. 

Acceptability and Retests 

25. (a) Should tlie test .specitiiens 
selected by tlie purchaser coiiforra to the 
test requirements, tlien all pi|")e rcjire- 
sented by such specimens simll be ac- 
cepted as to strength, provided the pipe 
shall otherwise conform to the .speci- 
fications. 

(5) Should any of the specimens first 
tested fail to conform to the test re- 
quirements, then the manufacturer shall 
have the right to adrliiional tests of tlie 
size or sizes of pi}:>e wliich Inu'C fiiihid. 
If the strength attained by a specimen 
is less than the strength required, in 
the amounts shown in the first column 
of the following table, additional tests 
shall be made upon pipe to the riunfijcr 
specified below, for each pipe of deficient 
strength: 


Percentage of Required Number of Pipe 

Strength for Retest 

Less than 100 and 

more than 90 per cent 2 

Less than 90 and 

more than 80 per cent 3 

Less than 80 and 

more than 70 per cent. 4 
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If the additional pipe so tested all con- 
form to the test requirements, then all 
pipe represented by such tests shall be 
accepted; otherwise they shall be re- 
jected, unless other tests, agreed upon 
by the purchaser and manufacturer, 
demonstrate to the satisfaction of the 
purchaser, the acceptability of the pipe. 
This latter provision, as to tests by 
agreement, shall also apply in the event 
that the strength attained by a pipe 
under test is less than 70 per cent of the 
required strength. 

Concrete Tests and Reinforcement Ex- 
amination 

26. By agreement l)etween the pur- 
chaser and the manufacturer, the ac- 
ceptability of all sizes of pipe may be 
determined by tests of the quality of 
concrete as placed in the pipe and the 
examination of the quality, amount, 
and accuracy of placement of the rein- 
forcement. I'he strength of the con- 
crete shall be determined as specified in 
Section 20. 

Absorption Test 
Absorption Test 

. 27. Absorption tests shall be made in 
accordance with the procedure de- 
scribed in tlie following Paragraphs 
(a) to (e): 

(a) Test Specimens . — The number of 
absorption test specimens shall be equal 
to the niimljer of pipe provided for 
testing. The specimens .shall be ob- 
tained from pipe that are acceptable as 
to strength, and shall be taken from pipe 
used in making the strength test after 
that test is made. Tlie specimens shall 
be marked with the number or identifica- 
tion mark of the pipe from which they 
were taken. Each specimen shall have 
an area of 16 to 24 sq. in., as measured 
on one surface of the pipe, and a thick- 
ness equal to the full depth of the pipe 


shell, and shall be free from visible 
cracks. 

(6) Drying Specimens . — Specimens 
shall be dried at a temperature not to 
exceed 230 F. (110 C.) until two suc- 
cessive weighings at intervals of not 
less than 2 hr, show an increment of 
loss not greater than 0.1 per cent of the 
original weight of the specimen. 

(c) Immersion and Reweigking . — The 
dried specimens shall be placed in a suit- 
able receptacle, covered with distilled 
water or rain water, raised to the boiling 
point and boiled for 5 hr., and then 
cooled in water to a final temperature of 
from 59 to 68 F. (15 to 20 C.). When 
cool, the specimens shall be removed 
from the water and allowed to drain for 
not more than 1 min. The superficial 
water shall then be removed by a towel 
or blotting paper, and the specimens 
immediately weighed. 

(d) Weighing Apparatus . — The bal- 
ance used shall be sensitive to 0.5 g. 
when loaded with 1 kg., and weighings 
shall be read at least to the nearest gram. 
When other than metric weights are 
used, the same degree of accuracy shall 
be obtained. 

{e) Calculations and Report . — The in- 
crease in weight of the boiled specimen 
over its dry weight shall be taken as the 
absorption of the specimen, and shall be 
expressed as a percentage of the dry 
weight. The results shall be reported 
separately for each specimen. 

Test Equipment 

28. Every manufacturer furnishing 
pipe under these specifications shall 
furnish all facilities necessary to carry 
out the tests required in these speci- 
fications. 

Sizes and Permissible Variations 

Standard Sizes 

29. Pipe of the internal diameters 
listed in Table I shall be considered 
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standard sizes. In elliptical pipe, the 
inside diameter at the minor axis shall 
be equal to the diameter of the cor- 
responding size of circular pipe. 

Permissible Variations in Dimensions 

30. (a) Variations of the internal 
diameter shall not exceed 1.5 per cent 
for 12“ to 36-m. pipe, inclusive, and 1 
per cent for 42- to 108-in. pipe, inclusive. 
The shell thickness shall not be less 
than that given in Table I by more than 
5 per cent at any point. 

(b) Variations of the position of the 
reinforcement shall not exceed f in. 
from the position provided in the design 
for pipe having an internal diameter of 
48 in. or less, and shall not exceed 
f in. for larger pipe; but the cover on 
the reinforcement shall be not less than 
f in. at any point. 

(c) The underrun in length of pipe 
from that specified shall be not more 
than f in. per ft. with a maximum of 
I in. in any length of pipe. 

Workmanship and Finish 
Finish 

31. Pipe shall be substantially free 
from fractures, large or deep cracks, and 
surface roughness. The planes of the 
ends of the pipe shall be perpendicular 
to their longitudinal axes. 

Marking 

Markings 

32. The following shall be clearly 
stenciled on each length of pipe: 

(a) The pipe class by an “S” for 
Standard Pipe, 

(&) The date of manufacture, 

(c) The name or trade-mark of the 
manufacturer, and 

(d) Elliptical pipe with circular rein- 
forcing and circular pipe with elliptical 
reinforcing shall have the word “Top” 
or “Bottom” clearly stenciled on the in- 


side of the pipe at the correct place to 
indicate the proper position when laid. 

Inspection and Rejectio.n 
Age for Acceptance 

33. Pipe shall be considered ready for 
acceptance when they conform to the 
requirements, as indicated by the speci- 
fied tests. 

Inspection 

34. The quality of all materials, the 
process of manufacture, and tiic tuiished 
pipe shall be subject to inspection and 
approval by an inspector employed by 
the purchaser. The manufacturer, wiien 
so directed by the inspector, shall 
have holes cut in such sections of the 
finished pipe (not exceeding one hole in 
every 50 sections delivered), as desired, 
so that a proper inspection may l)e made 
of the quantity and placement of the 
reinforcement. If tiie pi|;)e is also tested 
for strength or absorption, inspection of 
the reinforcement sliall be made on the 
pipe sections used for those tests, and 
in no case shall the total number of pipe 
cut open for inspection of reinforcement 
exceed the number to which the pur- 
chaser is entitled under the provisions 
of Section 20 or 25. 

Rejection 

35. Pipe shall be subject to rejection 
on account of failure to conform to any 
of the specification requirements or on 
account of any of the following: 

(a) Fractures or cracks passing 
through the shell, except tliat a single 
end crack that does not exceed the depth 
of the joint shall not be cause for rejec- 
tion. If a single end crack that does not 
exceed the depth of the joint exists in 
more than 10 per cent of the pipe in- 
spected, however, the defective pipe 
shall be rejected. 

(b) Defects that indicate imperfect 
mixing and molding. 
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(c) Surface defects indicating honey- 
combed or open texture. 

(d) Spalls deeper than one half the 
depth of the joint or extending more 
than 4 in. around the circumference. If 
spalls not deeper than one half the depth 
of the joint or extending not more than 
4 in. around the circumference exist in 
more than 10 per cent of the pipe, how- 
ever, the defective pipe shall be rejected. 


(e) Exposure of the circumferential 
reinforcement when such exposure would 
indicate that the reinforcement is mis- 
placed. 

(/) The complete absence of distinct 
web-like markings, which is indicative 
of a possible deficiency of water in the 
concrete mix, from the external surface 
of pipe made by any process in which 
the forms are removed immediately 
after the concrete has been placed. 



Standard Specifications for 
REINFORCED CONCRETE CULVERT HPE* 

A.S.T.M. Designation; C 76 - 41 
Adokted, 1937; Revised, 1941," 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 76; the final number indicates the year of original 


adoption as standard or, in the case 

Scope 

1. These specifications cover rein- 
forced concrete pipe intended to be used 
for the construction of culverts. 

Classes 

2. Pipe manufactured according to 
these specifications shall be of two 
classes known respectively as “Standard- 
Strength Reinforced Concrete Culvert 
Pipe” and “Extra-Strength Reinforced 
Concrete Culvert Pipe.” 

Basis of Acceptance 

3. The acceptability of the pipe shall 
be determined by the results of the 
strength and absorption tests prescribed 
in these specifications, if and when re- 
quired, and by inspection to determine 
whether the pipe conforms to these 
specifications as to design and freedom 
from defects. 


1 Under tBe standardization procedure of the Society, 
these specifications are under the jurisdiction of lie 
A.S.T.M. Committee C-13 on Concrete Pipe. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1930 to 1937, being re- 
vised ml 935 and 1937. 


revision, the year of last revision. 

Material.s 
Reinforced Concrete 

4. The reinforced concrete shall con- 
sist of Portland cement, mineral aggre- 
gates, and water, in which steel has 
been embedded in such a manner that 
the steel and the concrete act together. 

Cement 

5. Portland cement shall conform to 
the requirements for type I or type HI 
as prescribed in the Standard Specifica- 
tions for Portland Cement (A.S.T.^L 
Designation: C 150) of the American 
Society for Testing Materials.’’ 

Steel Reinforcement 

6. Reinforcement may consist either 
of wire conforming to the Standard 
Specifications for Cold-Drawn Steel Wire 
for Concrete Reinforcement (A.S.T.M. 
Designation: A 82) or of bars of 
structural or intermediate grade con- 
forming to the Standard Specifications 


a Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of bock. 

< 1944 Book of A.S.T.M, Standards, Part 1. 
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TABLE I.-DESIGN AND STRENGTH TEST REQUIREMENTS OF STANDARD-STRENGTH REINFORCED 
CONCRETE CULVERT PIPE. 



Concrete, 3S00 psi. 

Concrete, 4500 psi. 

Strength Test 
Requirements, 
lb. per linear ft. 
of pipe 



Minimum Reinforcement, “ sq. in. 


Minimum Reinforcement,® sq. in. 


Internal 


per linear ft. of pipe barrel 


per linear ft. of pipe barrel 

Bearing Method® 


Mini- 


Elliptical 

Mini- 


Elliptical 



Pipp in 

mum 


Reinforce- 

mum 


Reinforce- 




Shell 


ment in 

Shell 






Thick- 

Circular Reinforce- 

Circular Pipe 

Thick- 

Circular Reinforce- 

Circular Pipe 

to Pro- 

Ulti- 


ness, 

ment in Circular 

and Circular 

ness. 

ment in Circular 

and Circular 


mate 


in. 

Pipe 

Reinforce- 

in. 

Pipe 

Reinforce- 

0.01-in. 

Load 




ment in 



ment in 

Crack 





Elliptical 

Pipe 



Elliptical 

Pipe 



12 

-) 

1 line 0.07 


IM 

1 line 0.08 


2250 

3 500 

IS 

hi 

1 line 0.09 


2 

1 line 0.11 


2625 

4 065 

IS 

2»^: 

nine 0.12 

1 line 0.10 

2 

1 line 0.14 


3000 

4 500 

24 

3 

1 line 0.17 

1 line 0.13 

2H 

1 line 0,20 

1 line 0.17 

3000 

5 000 

30 

3i‘j 

1 line 0.22 

1 line 0.17 

3 

1 line 0.28 

1 line 0.21 

3375 

5 750 

36 


2 lines, each O.IS 

1 line 0.18 

3M 

2 lines, each 0.22 

1 line 0.22 

4050 

6 600 

42 

4M 

2 lines, each 0.21 

1 line 0.21 

3U 

2 lines, each 0.25 

1 line 0.2S 

4725 

7 350 

4S 



1 line 0.25 

4U 


1 line 0.31 


8 000 

54 

SJ4 

2 lines, each 0.30 

1 line 0.30 

4H 

2 lines, each 0.37 

1 line 0.37 

5850 

9 000 

60 

6 

2 lines, each 0.33 

1 line 0.33 

5 

2 lines, each 0.41 

1 line 0.41 

6000 

10 000 

66 

(>H- 

2 lines, each 0.37 

1 line 0.37 

SJ4 

2 lines, each 0.45 

1 line 0.45 

6300 

11000 

72 

7 

2 lines, e.ach 0.40 

1 line 0.40 

6 

2 lines, each 0.48 

1 line 0.48 

6600 

12 000 

78 

714 

2 lines, each 0.43 

1 line 0.43 

634 

2 lines, each 0.51 

1 line 0.51 



84 

s 

2 Iiiie.s, each 0.46 

1 line 0.46 


2 lines, each 0.54 

1 line 0.54 



90 

s 

2 lines, each 0.S6 

1 line 0.56 






96 

8?4 

2 lines, each 0.60 

1 line 0.60 






102 

834 

2 lines, each 0.72 

1 line 0.72 






lOS 

9 

2 line-s, e,acli 0.78 

1 line 0.78 







“ The distance from the center line of the reinforcement to the nearest surface of the concrete has been assumed in th 
design tables as If f in. for pipe with a shell 2*4 in. or more in thickness. 

“Test loads for sand-bearing tests shall be one and one-half times those specified in this table for the three-edge* 
bearing tests. 


TABLE II.-DESIGN i\ND STRENGTH TEST REQUIREMENTS OF EXTRA-STRENGTH REINFORCED 
CONCRETE CULVERT PIPE. 


Internal Diameter 
of Pipe, in. 

Concrete, 4500 psi. 

Strength Test Require- 
ments, lb. per linear ft. 
of pipe 

Jlinimum 

Shall 

Thickness, 

Minimum Reinforcement,® sq. in. pet linear ft. of 
pipe barrel 

Three-Edge-Bearing 

Method® 

Circular Reinforcement in 
Circular Pipe 

Elliptical Reinforce- 
ment in Circular Pipe 
and Circular Reinforce- 
ment in Elliptical Pipe 

Loiid to 
Produce a 
0.01 -in. 
Crack 

Ultimate 

Load 

->,1 


1 line 0.26 

1 line 0.20 

4 000 

6 000 

30 

. 3j4 

1 line 0.31 

1 line 0.24 

5 000 

7 500 

36 i 

4 

2 lines, each 0.28 

1 line 0.28 

6 000 

9 000 

42 

434 


1 line 0.33 

7 000 

10 500 

48 

5 

2 lines, each 0.38 

1 line 0.38 

8 000 

12 000 

54 

53':'' 


1 line 0.44 

9 000 

13 500 


1 6 


1 line O.SO 

9 000 

IS OOO 

66 

634 

2 lines, each 0.56 

1 line 0.56 

9 500 

16 SOO 


7 

2 lines, each 0.60 

1 line 0.60 

9 900 

18 000 

78 

734 

2 lines, each 0.65 

1 line 0.65 



84 

8 

2 lines, each 0.72 

1 line 0.72 



90 

8 

2 lines, each 0.84 

1 line 0.84 



96 

834 

2 lines, each 0.90 

1 line 0.90 



102 

834 

2 lines, each l.OS 

1 line 1.08 



lOS 

9 

2 lines, each 1.17 

1 Kne 1.17 




“ The distance from the center line of the reinforcement to the nearest surface of the concrete has been assumed in 
the design tables as 1 M in. for pipe with a shell 2}4 in. or more in thickness. 

* 'J'fst loads for sand-bearing teats shall be one and one-half times those specified in this table for the three-edge- 
bearing tests. 
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for Billet-Steel Bars for Concrete Rein- 
forcement (A.S.T.M. Designation: A 15)-^ 
of the American Society for Testing 
Materials, 

Aggregates 

7. Aggregates shall conform to the 
Standard Specifications for Concrete Ag- 
gregates (A.S.T.M. Designation: C 33) 
of the American Society for Testing 
Materials.^ 

Mixture 

8. The aggregates shall be so graded 
and proportioned and thoroughly mixed 
in a batch mixer with such proportions 
of cement and water as will produce a 
homogeneous concrete mixture of such 
quality that the pipe will conform to the 
test and design requirements of these 
specifications. In no case, however, 
shall the proportion of portland cement 
in the mixture be less than six U. S. 
standard bags (94 lb.) per cubic yard of 
concrete. 

Design 

Minimum Designs 

9. The shell thickness and the amount 
of circumferential reinforcement shall 
be not less than that prescribed in 
Tables I and II. 

Alternate Designs 

10. Manufacturers may submit to the 
purchaser, for approval, designs other 
than those in Tables I and II, provided 
that such pipe shall conform* to the same 
physical tests and inspection require- 
ments prescribed in these specifications 
for the pipe for which it is substituted. 
In no alternate design, however, shall 
the shell thickness be less than that pre- 
scribed in Tables I and II. 

Placing Reinforcement 

11. In circular pipe having one line of 
circular reinforcement, the reinforcement 


in the barrel of the pipe shall be placed 
equally distant from the inner and outer 
surfaces of the pipe. In circular pipe 
having two lines of circular reinforce- 
ment, each line shall be so placed that 
the net protective covering of concrete 
over the reinforcement in the barrel of 
the pipe shall be not less than 1 in. 
In circular pipe having elliptical rein- 
forcement, and in elliptical pipe luiving 
circular reinforcement, the reinforce- 
ment in the barrel of the pipe shall 
be so placed th;,it the net protective 
covering of concrete along the vertical 
diameter of the pij)e shall be not less than 
1 in. from the inside surface of the pipe, 
and the net protective covering of con- 
crete along the horizontal diameter of 
the pipe shall be not less than 1 in. from 
the outside surface of the pipe. (See 
Section 34 (d)). The location of the 
reinforcement shall be su!)jecf:, liowever, 
to the variation permitted in Section 
32 (b). 

Longitudinals 

12. Each line of circumferential rein- 
forcement shall be assembled into a cage 
which shall contain sufficient longitu- 
dinal bars or members, extending 
through the barrel of the pipe, to main- 
tain the reinforcement rigidly in e.xact 
shape and correct position within the 
form. 

Laps, Welds, and Spacing 

13. If the splices are not welded, the 
reinforcement shall be lapped not less 
than 30 diameters for bars, and 40 di- 
ameters for cold-drawn wire. If welded, 
the member at either a welded splice or 
intersection shall develop a tensile 
strength not less than the minimum 
strength required for the reinforcement 
by the applicable specifications cited in 
Section 6. The spacing center to cen- 
ter of adjacent rings of circumferential 
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reinforcement in a cage shall not exceed 
4 in. for pipe up to and including 48 in. 
in diameter, nor exceed the shell thick- 
ness for larger pipe, and shall in no case 
exceed 6 in. 

Joints 

14. The ends of reinforced concrete 
culvert pipe shall be of such design that 
the pipe when laid shall form a continu- 
ous conduit with a smooth and uniform 
interior surface. 

Joint Reinforcement 

15. Ill all pipe 36 in. or more in 
diameter, the joint shall have a cir- 
cumferential reinforcement equal in area 
to that of a single line within the barrel 
of the pipe. 

Curing 

Curing 

16. Pipe shall be subjected to any one 
of the methods of curing described in 
the following Paragraphs (a) to (c) or 
to any other method or combination of 
methods, approved by the purchaser, 
that will give satisfactory results: 

(a) Sieam Curing . — Pipe may be 
placed in a curing chamber, free from 
outside drafts, and cured in a moist 
atmosphere, maintained at a temper- 
ature between 100 and 130 F. (38 and 
54 C.) by the injection of steam for 
a period of not less than 24 hr. or, when 
necessary, for such additional time as 
may be needed to enable the pipe 
to meet the strength requirements. 
When a curing chamber is not available, 
pipe may be placed in an enclosure of 
canvas or other closely woven material 
and subjected to saturated steam, at 
the temperature and for the time speci- 
fied above. The enclosure shall be so 
erected as to allow full circulation of 


steam around the entire pipe. The in- 
terior surfaces of the curing room or 
canvas jackets and the surfaces of the 
pipe shall be entirely moist at all times. 

(6) Water Spray Curing . — Under the 
conditions of enclosure prescribed in 
Paragraph (a), pipe may be cured by 
subjecting it to a continuous or fre- 
quently applied fine spray of water in 
an enclosure maintained at a tempera- 
ture of not less than 70 F. (21 C.) for a 
period of not less than 72 hr., or such 
additional time as may be necessary 
to meet the strength requirements. 
If the enclosure is maintained at a tem- 
perature of less than 70 F. (21 C.), the 
curing period shall be increased as may 
be necessary to meet the strength re- 
quirements. 

(c) Saturated Cover Curing . — The 
sides and top of each pipe may be 
covered with heavy burlap or other suit- 
able material, saturated with water 
before applying and kept saturated with 
W'ater at a temperature of not less than 
70 F. (21 C.) for 72 hr., or such addi- 
tional time as may be necessary to meet 
the strength requirements. The ends 
of the pipe shall be so enclosed as to 
prevent the free circulation of air 
through or around the pipe. If the tem- 
perature of the water is less than 70 F. 
(21 C.), the curing period shall be in- 
creased as may be necessary to meet the 
strength requirements. 

Physical Test Requirements 
Strength Requirements 

17. The ultimate load, as determined 
by either of the methods described in 
Sections 25 and 26, shall be not less 
than the ultimate load prescribed in 
Tables I and II. When the test load 
reaches the cracking load given in the 
tables for the size and class of pipe 
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tested, there shall be in the barrel of 
the pipe no crack having a width of 0.01 
in. or more for a length of 1 ft. or more. 
The crack shall be considered 0.01 in. 
in width when the point of the measur- 
ing gage wiU, without forcing, penetrate 
it 3 ^ in. at close intervals throughout 
the specified distance of 1 ft. The 
width of crack shall be measured by 
means of a gage made from a leaf 0.01 
in. in thickness (as in a set of standard 
machinist’s gages), ground to a point 
in, in width, with corners rounded, and 
a taper of j in. per inch, as illustrated in 
Fig, 1. The ultimate load is reached 
when the pipe will sustain no greater 
load. 


i' per inch — . 



Fig. 1.— Gage Leaf for Measuring Cracks. 


Strength Requirements, Elliptical Pipe 

18. Elliptical pipe shall conform to 
the test requirements for circular pipe 
having the same horizontal internal 
diameter. 

Test Requirements and Acceptability 

Under Absorption Tests 

19. The absorption, determined as 
specified in Section 29, shall not exceed 
8 per cent of the dry weight. Pipe 
shaU be considered as conforming to 
these specifications for absorption when 
not less than 80 per cent of the number 
of specimens tested, including any re- 
tested, conform to the test requirements. 
Wlien the initial absoiption specimen 
from a pipe fails to conform to these 
specifications, the absorption test shall 
be made on another specimen from the 
same pipe and the results of the retest 
shall be substituted for the original test 
results. 


Crushing Strength Tests 

Test Specimens 

20. The specified number of pij.e for 
purpose of tests shall be furnished with- 
out charge b)' the manufacturer and shall 
be selected at random by the purchaser, 
and shall be pipe which v.'ould iiot other- 
wise be rejected umU-r these sp'ccifica- 
tions. The selection shall be made at 
the point or points designated liy the' 
purchaser when placing, the (u-der. 'Hie 
test specimens shall be snriace-dry -when 
tested and shall nut iuivc been exposed 
to a temperature below -in i . (5 C.) 
for the 24 hr. imriiedialely prcceciing 
the test. 

Preliminary Tests and Tests for Ex- 
tended Deliveries 

21. A purchaser of i>i|)e, wliuse needs 
require shipments at intervals over 
extended periods of time, siiall fie en- 
titled to preliminary tests of not more 
than three sections of pipf covering 
each size, 12 to 72 in. In tiiumeier, in 
which he is interested. The accepta- 
bility of 78- to 108-in. jiipe shall be 
determined by tests of the quality of 
the concrete as placed in the pipe and by 
examination of the (|uuiity, amount, 
and accuracy of placement of the rein- 
forcement. The strength of t he coucrcl e 
shall be determined from 6 by 12-in. 
test cylinders made from the ccjncrete 
used in making the pipe and nmnuiac- 
tured and cured under identical condi- 
tions with the pipe. Compression tests 
of such cylinders shall lie made in 
accordance with the Standard ,Mcthu!t 
of Test for Compressive Strength of 
Molded Concrete Cylinders (A.S.T.M. 
Designation: C 39) of th.e A.mencan So- 
ciety for Testing Materials,"’ After these 
preliminary tests, a purchaser shall be 
entitled to additional tests in such num- 
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bers and at such times as lie may deem an order, and not to exceed five pieces 
necessary, provided that the total num- of any one size; otherwise the number 
ber of pipe tested shall not exceed 2 per of pipe desired for testing shall be in- 
cent^ of the pipe delivered. eluded in the order. 




Tests for Occasional Orders 

22. A purchaser who places occasional 
orders shall be entitled to test a num- 
ber of pipe not to exceed 2 per cent® of 


5 If these specifications are used for sewers, the numher 
of pieces of pipe supplied for testing shall be in accord- 
ance with Section 20 of the Standard Specifications for 
Reinforced Concrete Sewer Pipe (A.S.T.M. Designation: 
C 7S), v,'hich appears in this publication, see Contents in 
Numeric Sequence of A.S.T.M. Designations at front of 
book. 


Crushing Strength Tests 

23. Pipe may be tested for strength 
by either the three-edge-bearing method 
or the sand-bearing method, as de- 
scribed in Sections 25 and 26. 

Apparatus 

24. (a) In making the test, any me- 
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chanical or hand-power device may be throughout, so tliat the distribution of 
used in which the head that applies the the load will not be affected appreciably 
load moves at such a speed as to increase by the deformation or yielding of any 
the load at a uniform rate of approxi- part. 



Bedding of Barrel. Bedding of Socket. 



Upper 

Side View. Bearing Frame. 


Fig. 4. — Sand Bearings. 

mately 2000 lb. per linear foot of pipe (c) The load shall be applied coiitinu- 
per minute, ously until the required strength of the 

(b) It is necessary that the testing ma- pipe specified in Tables I and II is 
chine used for the strength tests shall reached. The load peiTinear foot of pipe 
produce a uniform deflection throughout shall be calculated by dividing the total 
the full length of the pipe. The testing recorded load by the laying length. The 
machine shall be substantial and rigid pipe shall not be allowed to stand under 
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load longer than is required to apply the 
load and to observe and record it. The 
pipe shall be surface-dry when tested. 

Tliree-Edge-Bearing Method 

25. When the three-edge-bearing 
method is used (see Figs. 2 and 3), the 
ends of each specimen of pipe shall be 
accurately marked in halves of the cir- 
cumference prior to the test. The lower 
bearings shall consist of two wooden 
strips with vertical sides having their 
interior top corners rounded to a radius 
of approximately I in. The strips shall 
be straight and shall be securely fastened 
to a rigid base. The interior vertical 
sides of the strips shall be parallel and 
spaced a distance apart of 1 in. per foot 
of pipe diameter, but in no case less than 

1 in. The upper bearing shall be a 
rigid wooden block, straight and true 
from end to end. The upper and lower 
bearings shall extend tlie full length of 
the pipe exclusive of the bell. The pipe 
shall be placed symmetrically between 
the two bearings as illustrated in Figs. 

2 and 3. In testing pipe which is “out 
of line”, the lines of the bearings chosen 
shall be from those which appear to give 
the most favorable conditions for fair 
test. 

Sand-Bearing Method 

26. (a) When the sand-bearing method 
is used (see Figs, 4 and 5), the ends of 
each specimen of pipe shall be ac- 
curately marked in quarters of the cir- 
cumference prior to the test. Specimens 
shall be carefully bedded in sand, above 
and below, for one fourth the circum- 
ference of the pipe measured on the 
middle line of the barrel The depth 
of bedding above and below the pipe at 
the thinnest points shall be one half the 
radius of the middle line of the barrel. 

(b) The sand used shall be clean and 
shall contain not less than 5 per cent of 
moisture, and shall be such as will pass a 


4760-micron (No. 4) sieve. The sand 
in the lower bearing shall be loose when 
the pipe is placed. 

(c) The top bearing frame shall not be 
allowed to come in contact with the pipe 
nor with the top bearing plate. The 
upper surface of the sand in the top 
bearing shall be struck off level with a 
straightedge, and shall be covered with 
a rigid top bearing plate, the lower sur- 
face of which is a true plane, made of 
heavy timbers or other rigid material 
capable of distributing the test load uni- 
formly without appreciable bending. 
The test load shall be applied at the 


Beddins of Barrel . 

Fig. 5. — Sand Bearings. 

exact center of this top bearing plate, or 
in such manner as to produce uniform 
deflection throughout the full length 
of the pipe. For this purpose a spherical 
bearing is preferred, but two rollers at 
right angles may be used. 

(d) The test may be made without the 
use of a testing machine, by piling weights 
directly on a platform resting on the 
top bearing plate; provided, however, 
that the weights shall be piled sym- 
metrically about a vertical line through 
the center of the pipe, and that the plat- 
form shall not be allowed to touch the 
top bearing frame. 

(e) The frames of the top and bottom 
bearings shall be made of timbers so 
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heavy as to avoid appreciable bending 
by the side pressure of the sand. The in- 
terior surfaces of the frames shall be 
dressed. No frame shall come in con- 
tact with the pipe during the test. A 
strip of cloth may be attached, if desired, 
to the inside of the upper frame on each 
side, along the lower edge, to prevent 
the escape of sand between the frame 
and the pipe. 

Acceptability and Retests 

27. Pipe shall be acceptable under the 
strength tests when all test specimens 
conform to the test requirements. 
Should any of the preliminary test 
specimens provided for in Section 21, or 
any of the test specimens provided for 
in Section 22, fail to meet the test re- 
quirements, then the manufacturer will 
be allowed a retest on two additional 
specimens for each specimen that failed, 
and the pipe shall be acceptable only 
when all of these retest specimens meet 
the strength requirements. 

Concrete Tests and Reinforcement Ex- 
amination 

28. By agreement between the pur- 
chaser and the manufacturer, the accept- 
ability of all sizes of pipe may be deter- 
mined by tests of the quality of concrete 
as placed in the pipe and the examination 
of the quality, amount, and accuracy of 
placement of the reinforcement. The 
strength of the concrete shall be deter- 
mined as specified in Section 21. 

Absorption Test 
Absorption Test 

29. Absorption tests shall be made in 
accordance with the procedure described 
in the following Paragraphs (a) to (e) ; 

(a) Test Specimens. —■The, number of 
absorption test specimens shaE be equal, 
to the number of pipe provided for 
testing. The specimens shaU be ob- 


tained from pipe that are uccep table as 
to strength, and shall be lakcn from 
pipe used in making tlie strength test 
after that test is made. The specimens 
shall be marked with the number or 
identification mark of the pai.’.e from 
which they were taken. Ikich specimen 
shall have an area of 16 to IM sq. in., 
as measured on one surface of the pipe, 
and a thickness equal to ria; full deptli 
of the pipe shell, and shudl ho free from 
visible cracks. 

{h) Drying Specimens.' Specimens 
shall be dried at a temjjeraiure not to 
exceed 230 F. (110 C.) until two suc- 
cessive weighings at inlerveds of not less 
than 2 hr. show an increment of loss not 
greater than 0,1 per cent of tlu; origintil 
weight of the specimen, 

(c) Immersion and RcivdiiLing. The 
dried specimens sha’l be idaced in a 
suitable receptacle, covored wills <]is- 
lilled water or rain wafer, raisedi to the 
boiling point and boileii for 5 hr,, and 
tlien cooled in water to a fissal tempera- 
ture of from 59 to 68 F. (15 to 20 C.). 
When cool, the specimens shall be re- 
moved from the water and allowed to 
drain for not more than 1 min. The 
superficial water shall then I.5e removed 
b)^ a towel or blotting ]:)aper, and the 
specimens immediately ^veighed. 

(d) Weighing Apparatus. 'Oie l.)ai- 
ance used shall be sensilivo P) 0.5 g. 
when loaded witli 1 l;g., :ind weigbin.as 
shall be read at haist to the nearest 
gram. When other than metric weiglits 
are used, the san\e degres.- arrura.cy 
shaU be obtained. 

(e) Calcnlations and Teparf. - '.I’he in- 
crease in weiglit of tlie boiled specimen 
over its dry weight shall be taken as tin; 
absorption of the specinaai, ami .Tvail 
be expressed as a ]3ercenlage of the dry 
weight. The results shall be !a*pnrted 
separately for each sjiecimeri. 
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Test Equipment 

30. Every manufacturer furnishing 
pipe under these specifications shall 
furnish all facilities necessary to carry 
out the tests required in these specifi- 
cations. 

Sizes and Permissible Variations 
S tandard Sizes 

31. Pipe of the internal diameters 
listed in Tables I and II shall be the 
standard sizes for culvert construction. 
In elliptical pipe, the inside diameter at 
the minor axis shall be equal to the 

iameter of the corresponding size of 
circular pipe. 

Permissible Variations in Dimensions 

32. (a) Variations of the internal diam- 
eter shall not exceed plus or minus 1 per 
cent for pipe having an internal diameter 
of 36 in. or less, and shall not exceed 
plus or minus 0.75 per cent for larger 
pipe. The shell thickness shall not be 
less than that intended in the design 
by more than 5 per cent at any point. 

(b) Variations of the position of the 
reinforcement shall not exceed | in. 
from the position provided in the design 
for pipe having an internal diameter of 
48 in. or less, and shall not exceed in. 
for larger pipe; but the cover on the 
reinforcement shall not be less than f in. 
at any point. 

(r) The underrun in length of pipe 
from that specified shall be not more 
than I in. per ft. with a maximum of 

in. in any length of pipe. 

Workmanship and Finish 
Finish 

33. Pipe shall be substantially free 
from fractures, large or deep cracks, and 
surface roughness. The planes of the 
ends of the pipe shall be perpendicular 
to the longitudinal axis. 


Marking 

Marking 

34. The following shall be clearly 
stenciled on the pipe: 

. .p, fby a “C” for Standard- 

® j Strength Pipe, and 
jbv an “X-C” for Extra- 
'strength Pipe, 

(b) The date of manufacture, 

(c) The name or trade-mark of the 
manufacturer, and 

(d) Elliptical pipe with circular rein- 
forcing and circular pipe with elliptical 
reinforcing shall have the word “Top” 
or “Bottom” clearly stenciled on the 
inside of the pipe at the correct place 
to indicate the proper position when 
laid. 

Inspection and Rejection 
Age for Acceptance 

35. Pipe shall be considered ready for 
acceptance when they conform to the 
requirements, as indicated by the speci- 
fied tests. 

Inspection 

36. The quality of all materials, the 
process of manufacture, and the finished 
pipe shall be subject to inspection and 
approval by an inspector employed by 
the purchaser. The manufacturer, when 
so directed by the inspector, shall 
have holes cut in such sections of the 
finished pipe (not exceeding one hole in 
every 50 sections delivered), as desired, 
so that a proper inspection may be made 
of the quantity and placement of the 
reinforcement. If the pipe is also tested 
for strength or absorption, inspection of 
the reinforcement shall be made on the 
pipe sections used for those tests, and 
in no case shall the total number of pipe 
cut open for inspection of reinforcement 
exceed the number to which the pur- 
chaser is entitled under the provisions 
of Section 21, 22, or 27. 
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Rejection 

37. Pipe shall be subject to rejection 
on account of failure to conform to any 
of the specification requirements or on 
account of any of the following: 

(a) Fractures or cracks passing 
through the shell, except that a single 
end crack that does not exceed the depth 
of the joint shall not be cause for rejec- 
tion. If a single end crack that does not 
exceed the depth of the joint exists in 
more than 10 per cent of the pipe in- 
spected, however, the defective pipe 
shall be rejected. 

(b) Defects that indicate imperfect 
mixing and molding. 

(c) Surface defects indicating honey- 
combed or open texture. 


(d) Spalls deeper than one lialf the 
depth of the joint or extending more 
than 4 in. around tlie circuniferen.ee. If 
spalls not deeper than one half the tlepth 
of the joint or extending not more tlian 
4 in. around the circumference exist in 
more than 10 per cent of the pipe. Iiow- 
ever, the defective pipe shall be Vi.-icM tcd. 

(e) Exposure of the circumfereatial 
reinforcement when such cxpostire v.-ould 
indicate that the reinfnrcerner ; is 
misplaced, 

(/) The complete absence of distinct 
web-like markings, which is indicative 
of a possible deficiency of water in tiie 
concrete mk, from the external surface 
of pipe made by any process in Vyhidi 
the forms are removed imn'ciliafely after 
the concrete has been placed. 


Standard Specifications for 
CONCRETE IRRIGATION PIPE^ 



A.vS.T.M. Designation: C 118 - 39 
Adopted, 1939.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 118; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover concrete 
pipe intended to be used for the convey- 
ance of irrigation water under low hydro- 
static heads. 

Class 

2. Pipe manufactured according to 
these specifications shall be known as 
“A.S.T.M. Standard Concrete Irrigation 
Pipe.” 

Basis of Acceptance 

3. The acceptability of the pipe shall 
be determined by the results of the tests 
prescribed in these specifications, if and 
when required, and by inspection to de- 
termine whether the pipe conforms to 
these specifications as to design and free- 
dom from defects. 

Materials 

Concrete 

4. The concrete shall consist of port- 
land cement, mineral aggregates and 
water. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-13 on Concrete Pipe. 

> Prior to adoption as standard, these specifications 
were published as tentative from 1935 to 1939, being re- 
vised in 193S. 


Cement 

5. Portland cement shall conform to 
requirements for type I or tj'^pe III as 
prescribed in tire Standard Specifications 
for Portland Cement (A.S.T.M. Desig- 
nation: C 150) of the American Society 
for Testing Materials.® 

Aggregates 

6. Aggregates shall conform to the 
Standard Specifiications for Concrete 
Aggregates (A.S.T.M. Designation: 
C 33) of the American Society for Test- 
ing Materials.® The maximum size of 
coarse aggregate used shall not exceed 
one-third the shell thickness of the 
pipe. 

Mixture 

7. The aggregates shall be so graded 
and proportioned and thoroughly mixed 
with such proportions of cement and 
water as will produce a homogeneous 
concrete mixture of such quality that the 
pipe will conform to the test and design 
requirements of these specifications. 


5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 
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Design and Permissible Variations 
IN Dimensions 

Alternate Designs 

8. Manufacturers may submit to the 
purchaser, for approval, designs other 
than those in Table I. In no alternate 
design, however, shall the shell thick- 
ness and test requirements be less than 
those prescribed in Table I. 

Variation in Diameter 

9. Variation of the internal diameter 
shall not exceed plus or minus in. for 


TABLE I. — PHYSICAL TEST REQUIREMENTS FOR 
STANDARD CONCRETE IRRIGATION PIPE. 


Internal 
Diam- 
eter, in. 

Minimum 
Shell 
Thick- 
ness, in. 

Test Requirements 

Internal 
Hydro- 
static 
Pres- 
sure on 
Individ- 
ual Sec- 
tions, 
psi. 

Minimum 
Three- 
Edtje- 
Bearins 
Load, lb. 
per linear 
it. 

Maximum 
Absorp- 
tion, per 
cent 

*6 

t 

75 

1000 

8 

8 


65 

1000 

8 

10 

1 

60 

1250 

8 

12 


55 

1500 I 

8 

*14 

li 

SO 

1600 

8 

15 

If 

50 

1700 

8 

*16 

If 

50 

1800 

8 

18 

U 

50 

1900 

8 

*20 

H 

45 

2000 

8 

21 

2 

45 

2100 

8 

24 

21 

40 

2200 

8 


♦ Special sizes obtainable in some localities. 


6-m. pipe, plus or minus | in. for pipe 
having an internal diameter greater than 
6 in. but not more than 18 in., and plus 
or minus 3'^- in. for larger pipe. 

Variation in Thickness 

10. The shell thickness at any point 
shall not be less than the minimum 
specified in Table I by more than ^ in. 
for pipe having an internal diameter of 
12 in, or less, in. for pipe having an 
internal diameter greater than 12 in. but 


not more than 18 in., and I in. for larger 

pipe. 

Joints 

11. The ends of concrete irrigation 
pipe shall be so formed that when the 
pipe are laid together and the joints ce- 
mented they will make a continuous and 
uniform line of pipe with a smooth and 
regular interior surface. The joints 
shall be of such design as will permit 
effective cementing and {dacenienl with- 
out appreciable irregularities in the iluw 
line. 

Physical Properties and Test.s 
Test Specimens 

12, (a) Specimens for tests shall be 
full-size pipe which shall in every re.spect 
conform to the inspection requirements 
prescribed in these specifications. 

(b) The specimens to lie tested shall 
be selected at random by llie purchaser 
or his representative at tlie [loint or 
points specified in tb.c order. The 
manufacturer shall furnish specinums for 
purpose of tests, without charge, up to 
0.5 per cent of the number of pipe of 
each size included in the order, except 
that in no case shall less than two speci- 
mens be furnished, the manufacturer 
bearing all e.xpense of testing sucli pipe. 
Should a larger number of specimens be 
tested upon demand of the purchaser or 
manufacturer, then the cost of sucli ad- 
ditional test specimens and tlie expense 
of testing shall be borne by the party 
making such demand. 

(c) The purchaser shall specify the 
proportion of the test specimens that 
shall be subjected to the strength tests 
and the proportion that shall be sub- 
jected to the hydrostatic test. 

(d) Should the test specimens selected 
by the purchaser conform to the test 
requirements, then all pipe represented 
by such specimens shall be accepted, 
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provided the pipe shall otherwise con- 
form to the specifications. 

(e) Should any of the specimens first 
tested fail to conform to the test re- 
quirements, then the manufacturer shall 
have the right to test two additional 
lengths of pipe from the same lot, se- 
lected by mutual agreement with the 
purchaser, for each specimen that has 
failed. If the additional pipe so tested 
all conform to the test requirements, 
then ail pipe represented by such tests 
shall be accepted, otherwise they shall 
be subject to rejection. 



Fig. 1. — Three-Edge Bearings. 


Strength Tests 

13. Pipe shall be tested for strength 
by either the three-edge-bearing method 
or the sand-bearing method, as described 
in the following Paragraphs (a) to (c): 

Three-Edge-Bearing Method 

(a) When tested by the three-edge- 
bearing method (see Fig. 1), individual 
pipe shall meet the minimum load re- 
quirements specified in Table I. 

In making the test the ends of each 
specimen of pipe shall be accurately 
marked in halves of the circumference 
prior to the test. The lower bearings 
shall consist of two wooden strips 
with vertical sides, having their interior 
top corners rounded to a radius of ap- 


proximately I in. The strips shall be 
straight and shall be securely fastened 
to a rigid block at least 6 by 6 in. in 
cross-section. The interior vertical sides 
of the strips shall be parallel and spaced 
a distance apart of 1 in. per foot of pipe 
diameter, but in no case less than 1 in. 
If requested by the manufacturer or 
the purchaser previous to the test, be- 
fore the pipe is placed, a fillet of plaster 
of Paris and sand, thick enough to com- 
pensate for the inequalities of the pipe 
barrel, shall be cast on and between 
the lower bearings. The pipe shall be 
placed upon the fillet while the plaster 
of Paris is still somewhat plastic. The 



Bedding of Barrel. 


Fig. 2.— Sand Bearings. 

upper bearing shall be a rigid wooden 
block at least 6 by 6 in. in cross-section, 
straight and true from end to end. A 
fillet of plaster of Paris may also be cast 
along the length of the crown of the 
pipe to equalize the bearing. The upper 
bearing shall be brought in contact 
while the plaster of Paris is still some- 
what plastic. The upper and lower 
bearings shall extend the full length of 
the pipe (see Fig 1). 

Sand-Bearing Method 

(b) Wdien tested by the sand-bearing 
method (see Fig. 2) individual pipe shall 
meet a minimum load 50 per cent greater 
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than specified in Table I for the three- 
edge-bearing test. 

Wdien the sand-bearing method (see 
Fig. 2) is used the ends of each speci- 
men of pipe shall be accurately marked in 
quarters of the circumference prior to 
the test. Specimens shall be carefully 
bedded in sand, above and below, for 
one-fourth the circumference of the pipe 
measured on the middle line of the 
barrel. The depth of the bedding above 
and below the pipe at the thinnest points 
shall be one-half the radius of the middle 
line of the barrel. 

The sand used shall be clean and shall 
contain not less than 5 per cent of mois- 
ture, and shall be such as will pass a 
4760-micron (No. 4) sieve. The sand 
in the lower bearing shall be loose when 
the pipe is placed. 

The top bearing frame shall not be 
allowed to come in contact with the pipe 
nor with the top bearing plate. The 
upper surface of the sand in the top 
bearing shall be struck off level with a 
straightedge, and shall be covered with 
a rigid top-bearing plate, the lower sur- 
face of which is a true plane, made of 
heavy timbers or other rigid material 
capable of distributing the test load 
uniformly without appreciable bending. 
The test load shall be applied at the 
exact center of this top bearing plate, or 
in such manner as to produce uniform 
deflection throughout the full length of 
the pipe. For this purpose a spherical 
bearing is preferred, but two rollers at 
right angles may be used. 

The test may be made without the use 
of a testing machine, by piling weights 
directly on a platform resting on the top 
bearing plate j provided, however, that 
the weights shall be piled symmetrically 
about a vertical line through the center 
of the pipe, and that the platform shall 
not be allowed to touch the top bearing 
frame. • 


The frames of the top and bottom 
bearings shall be made of timbers so 
heavy as to avoid appreciable bending 
by the side pressure of sand. The in- 
terior surfaces of the frames shall be 
dressed. No frame shall come in con- 
tact with the pipe during the test. A 
strip of cloth may be attached, if de- 
sired, to the inside of the upper frame 
on each side, along the lower edge, to 
prevent the escape of sand between the 
frame and the pipe. 

Testing Apparatus 

(c) In making the test, any mechani- 
cal or hand-power device may be used 
in which the head that applies the load 
moves at such a speed as to increase the 
load at a uniform rate of approximately 
2000 lb. per linear foot of pipe per 
minute. 

It is necessary that the testing ma- 
chine used for the strength tests shall 
pi'oduce a uniform deflection throughout 
the full length of the pipe. The testing 
machine shall be substantial and rigid 
throughout, so that the distribution of 
the load will not be affected appreciably 
by the deformation or yielding of any 
part. 

The load shall be applied continuously 
until the required strength of the pipe 
specified in Table I is reached. The 
load per linear foot of pipe shall be cal- 
culated by dividing the total recorded 
load by the laying length. The pipe 
shall not be allowed to stand under load 
longer than is required to apply the load 
and to observe and record it. The pipe 
shall be surface-dry when tested. 

Hydrostatic Test 

14. (a) When an individual pipe is 
subjected to the internal hydrostatic 
pressure given in Table I, there shall be 
no leakage through the shell of the pipe. 
Moisture appearing on the surface of 
the pipe in the form of patches or beads 



SPECmCATIONS EOR CONCRETE IRRIGATION PiPE (C 118-39) 


419 


adhering to the surface shall not be 
considered leakage. 

(b) The equipment for making the 
hydrostatic test shall be mutually satis- 
factory to the purchaser and the manu- 
facturer, Suitable fittings shall be pro- 
vided for exhausting the air and ad- 
mitting the water into the specimen. A 
standardized pressure gage for recording 
the internal pressure shall be connected 
close to the specimen. The pressure 
shall first be increased uniformly to 10 
psi. and held at this pressure for 10 min. 
The water pressure shall then be in- 
creased uniformly until the required 
maximum pressure is reached as speci- 
fied in Table I. If the pipe is to be 
coated on the inside with cement grout 
or other material, the hydrostatic test 
shall be made before such coating is 
applied. 

Absorption Test 

15. Absorption tests shall be made in 
accordance with the procedure described 
in the following Paragraphs (a) to (e) : 

(fit) Test Specimens. — The number of 
absorption test specimens shall be equal 
to the number of pipe provided for test- 
ing. The specimens shall be obtained 
from pipe that are acceptable as to 
strength, and shall be taken from pipe 
used in making the strength test after 
that test is made. The specimens shall 
be marked with the number or identifica- 
tion mark of the pipe from which they 
were taken. Each specimen shall have 
an area of 12 to 20 sq. in., as measured 
on one surface of the pipe, and a thick- 
ness equal to the full depth of the pipe 
shell, and shall be free from visible 
cracks. 

(5) Drying Specimens. — Specimens 
shall be dried at a temperature not to 
exceed 230 F. (HOC.) until two suc- 
cessive weighings at intervals of not less 
than 2 hr, show an increment of loss not 


greater than 0.1 per cent of the original 
weight of the specimen. 

(c) Immersion and Reweighing. — The 
dried specimens shall be placed in a 
suitable receptacle covered with distilled 
water or rain water, raised to the boiling 
point and boiled for 5 hr., and then 
cooled in water to a final temperature of 
from 59 to 68 F, (15 to 20 C.). When 
cool, the specimens shall be removed 
from the water and allowed to drain for 
not more than 1 min. The superficial 
water shall then be removed by a towel 
or blotting paper, and the specimens 
immediately weighed. 

(d) Weighing Apparatus. — The bal- 
ance used shall be sensitive to 0.5 g. 
when loaded with 1 kg., and weighings 
shall be read at least to the nearest 
gram. When other than metric weights 
are used, the same degree of accuracy 
shall be obtained. 

(e) Calculations and Report. — The in- 
crease in weight of the boiled specimen 
over its dry weight shall be taken as the 
absorption of the specimen, and shall 
be expressed as a percentage of the dry 
weight. The results shall be reported 
separately for each specimen. 

WORKM.\NSHIP .\ND FINISH 
Finish 

16. Pipe shall be concentric, and free 
from fractures, large or deep cracks and 
surface roughness, other than those 
normally produced in the manufacture 
of the pipe. The planes of the ends of 
the pipe shall be perpendicular to the 
longitudinal axis. 

Inspection and Rejection 
Age for Shipment 

17. Pipe shall be considered ready for 
acceptance when they conform to the 
test requirements prescribed in these 
specifications, and have been properly 
cured for at least 7 days. 
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Inspection 

18. The quality of all materials and 
the finished pipe shall be subject to in- 
spection and approval by an inspector 
employed by the purchaser. 

Rejection 

19. Pipe shall be subject to rejection 
on account of failure to conform to any 
of the specification requirements or on 
account of any of the following: 

(a) Fractures or cracks passing 
through the shell, except that an end 
crack that does not exceed the depth of 
the joint, or a fracture that at its deepest 


point does not exceed the depth of the 
joint nor extend more than 10 per cent 
around the circumference of the joint 
shall not be considered cause for rejec- 
tion unless these defects exist in more 
than 5 per cent of the pipe inspected. 
If these defects exist in more than 5 per 
cent of the pipe inspected, the defective 
pipe shall be rejected. 

(b) Defects which indicate imperfect 
mdxing, placing, and curing of concrete. 

(c) The absence of distinct web-like 
markings on the external surface of pipe 
made by the packerhead or machine- 
tamped process. 



Recommended Practice For 
LAYING SEWER PIPE^ 



A.S.T.M. Designation: C 12 - 19 
Adopted, 1919.2 

This Standard of the American Society for Testing Materials is issued under 
the fi.xed designation C 12; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Preparation of Trenches for Pipe Laying 

1, {a) Pipe lines should be placed at a 
sufficient depth below the surface of the 
street to avoid dangerous pressure or 
impact. When this is not possible, 
special reinforcement should be pro- 
vided. 

{b) Trenches should be only of suffi- 
cient width to provide a free working 
space on each side of the pipe, preferably 
of not over one-third of the nominal 
diameter and never less than 4 in., ac- 
cording to the size of the pipe and the 
character of the ground; but in every 
case there should be sufficient space 
between the pipe and the sides of the 
trench to make it possible to thoroughly 
ram the back-filling around the pipe and 
to secure tight joints. 

(c) Trenches should be kept free from 
water until the material in the joints and 
masonry has sufficiently hardened. 

1 Under the standardization procedure of the Society, 
this recommended practice was formerly under the Juris- 
diction of the Committee on Clay and Concrete Pipe. In 
1932 that committee was divided into two committees, C-4 
on Clay Pipe and C-13 on Concrete Pipe, and in October, 
1933, this recommended practice was placed under the 
jurisdiction of Committee C-4 with the understanding that 
It would be suitably revised to apply to clay pipe only. 

• Prior to adoption as standard, this recommended 
practice was published as tentative from 1915 to 1919, 
being revised in 1916 and 1917. 


{(1) To protect pipe lines from unusual 
stresses, all work should preferably be 
done in open trenches. 

Preparation of Foundations for Pipe 
Laying 

2. (u) The foundations in the trench 
should be formed to prevent any sub- 
sequent settlement which might result 
in excessive pressure and consequent 
rupture of the pipes. 

{h) If the foundation is rock, an equal- 
izing bed of concrete or sand well com- 
pacted should be placed upon the rock. 
The thickness of these beds should be 
not less than 4 in. Pipes should be laid 
in these beds so that at least the lower 
third of each pipe is supported through- 
out its entire length. 

(c) If the foundation is good firm 
earth, the earth should be pared or 
molded to give a full support to the 
lov/er third of each pipe and, if necessary 
to secure a proper bearing for the pipe, a 
layer of concrete, fine gravel, or other 
suitable material should be placed. The 
same means of securing a firm foundation 
should be adopted in case the excavation 
has been made deeper than necessary. 
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{d) If there is no good natural founda- 
tion, the pipes should be laid in a con- 
crete cradle supported on a masonry 
foundation carried to a soil of satis- 
factory bearing power, or supported on 
a structure designed to carry the w^eight 
of pipe' and its load to a firm bearing. 

Pipe Laying 

3, («.) The laying of pipes in finished 
trenches should be commenced at the 
low’-est point, so that the spigot ends 
point in the direction of flowu 

(6) All pipes should be laid wdth ends 
abutting and true to line and grade. 
They should be fitted and matched so 
that when laid in the work they will 
form a sewer with a smooth and uniform 
invert. It is necessary to use all possible 
care when shoving the pipes together, so 
that the joints will not be unnecessarily 
large. 

{c) Sockets should be carefully cleaned 
before pipes are lowered into trenches. 
The pipes should be so lowered as to 
avoid unnecessary handling in the 
trench. 

(d) The pipes should be set firmly 
according to line and grade, and the 
joints carefully adjusted and filled with 
the jointing material. 

{e) Joints should be made in the fol- 
lowing manner: A closely twisted hemp 
or oakum gasket of suitable diameter, 
in no case less than f in., and in one 
piece of sufficient length to pass around 
the pipe and lap at the top, should be 
solidly rammed into the annular spaces 
between the pipes with a suitable 
calking tool. When cement joints are 
used, the gasket should first be saturated 
with neat cement grout. The remainder 
of the space should then be completely 
filled with the jointing materials. 


Backfilling Trenches 

4. (a) All trenches and excavations 
should be backfilled immediately after 
the pipes are laid therein, unless other 
protection of the pipe line is directed. 
The backfilling material should be 
selected and deposited with special 
reference to the future safety of tlie 
pipes. Clean earth, sand, or rock dust 
should be solidly tamped about the 
pipes up to a level at least 2 ft, above 
the top of the pipes. This material 
should be carefully deposited in uniform 
layers. Unless otherwise permitted, 
each layer should be carefully and solidly 
tamped or rammed with proper tools so 
as not to injure or disturb the pipe 
line. 

(&) Puddling or water flooding for 
consolidating the backfilling is recom- 
mended only for sandy and gravely ma- 
terials. If this metliod is used, the first 
flooding should be applied after the 
backfilling has been compacted liy tamp- 
ing up to 2 ft. above the top of the pipes, 
and the second flooding during or after 
the subsequent filling of the trench. An 
excess of water should be avoided, in 
order to prevent disturbance of the 
earth under and around the pipes and 
also to prevent an undue e.xcess of pres- 
sure upon them. 

(c) Walking or working on the com- 
pleted pipe line, except as may be neces- 
sary in tamping or backfilling, should 
not be permitted until the trench has 
been backfilled to a height of at least 
2 ft. over the top of the pipes. 

(d) The filling of the trench should be 
carried on simultaneous!}^ on both sides 
of the pipes, in such a manner that 
injurious side pressures do not occur. 



Standard Specifications for 
CONCRETE AGGREGATES^ 



A.S.T.M. Designation: C 33 - 44 

Adopted, 1939; Revised, 1940, 1942, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C33; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, These specifications cover fine and 
coarse aggregates suitable for use in 
concrete. 

Note: Qmlily of Aggregatos.—lt is recog- 
nized that for certain purposes satisfactory 
results may be obtained with materials not 
conforming to these specifications. In such 
cases the use of fine and coarse aggregates not 
conforming to these specifications may be 
authorized only under special provisions based 
upon laboratory studies of the possibility of 
designing a mkture of materials to be used on 
the job that will yield concrete equivalent in 
quality to the specified mixture made with 
material complying with these specifications in 
all re.spects. 

Fine Aggregate 

General Characteristics 

2. Fine aggregate shall consist of 
natural sand or of sand prepared from 
stone, blast-furnace slag, or gravel, or, 
subject to the approval of the engineer, 
other inert materials having similar 
characteristics. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee C-9 on Concrete and Concrete Aggre- 
gates. 

> Prior to adoption as standard, these specifications 
were published as tentative from 1921 to 1939, being re- 
vised in 1923, 1926, 1928, 1930, 1931, 1936, and 1937. 


Deleterious Substances 

3. {a) The amount of deleterious sub- 
stances in fine aggregate shall not exceed 
the limits prescribed in Table I. 


TABLE I.-PERMISSIBLE LIMITS FOR DELETE- 
RIOUS SUBSTANCES IN CONCRETE 
AGGREGATES. 



Recom- 
mended 
Permissible 
Limits, 
mas., per 
cent by 
weight 

Maximum 
Permissible 
Limits, 
per cent by 
weight 

Clay lumps 

1 

l.S 

Coal and lignite 

Material finer than No. 200 
sieve: 

(o) In concrete subject to 

0.25 

1 

surface abrasion 

(J) All other classes of 

2 

4 

concrete 

Other deleterious substances 
(such as shale, alkali, 
mica, coated grains, soft 

3 

5 

and flaky particles) 

as specified 

as specified 


Note. — The recommended limits should be 
specified on all work where it is economically 
practicable to obtain materials conforming 
thereto. 

{h) Organic Impurities . — Ail fine ag- 
gregate shall be free from injurious 
amounts of organic impurities. Aggre- 
gates subjected to the colorimetric test 
for organic impurities and producing a 
color darker than the standard shall be 
423 
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rejected unless they pass the mortar 
strength test as specified in Section 5. 
Grading 

4. (a) Fine aggregate shall be well 
graded from coarse to fine and when 
tested by means of laboratory sieves shall 
conform to the following requirements: 


Percentage 

Sieved Passing 

f-in 100 

No. 4 (4760-naicron) 95 to 100 

No. 16 (1190-micron) 45 to 80 

No. 50 (297-micron) 10 to 30 

No. 100 (149-micron) 2 to 10 


Note 1. — At the approval of the engineer, 
when the fine aggregate is to be used in concrete 
mixtures containing five or more sacks of cement 
per cubic yard, the limitations on the material 
passing the No. 50 and No. 100 sieves may be 
5 to 30 and 0 to 10 per cent, respectively. 

Note 2. — Fine aggregate failing to pass the 
minimum requirements for the material passing 
the No. SO or No. 100 sieve, or both, may be used, 
provided a satisfactory inorganic fine material 
is added to correct for the difference in grading. 

Note 3. — Attention is called to the fact that 
the relatively wide range in grading which is 
shown in the above table should be permitted 
only when it is economically impracticable to 
obtain materials meeting more restrictive re- 
quirements. The most desirable grading will 
depend upon the type of work and the class of 
concrete. For the leaner mixes, or when a small 
size coarse aggregate is used, in cases where the 
degree of workability is important, it is desirable 
to further restrict the allowable ranges in sizes 
shown so as to insure a grading approaching the 
maximum percentage passing each sieve. On 
the other hand, for the richer mixes, in the inter- 
ests of maximum strength and economy, a 
grading as coarse as is consistent with the 
requirements for workability should be specified. 
However, in no case should a range in grading 
be required more restrictive on any one sieve 
than indicated below: 


No. 16 (1190-micron) sieve 20 percent 

No. 50 (297-micron) sieve. 15 per cent 

No. 100 (149-micron) sieve 5 per cent 


(l>) U nijormify oj Grading . — The above 
gradation for fine aggregate represents 
the extreme limits which shall determine 
the suitability for use of fine aggregate 


^ « Detailed requirements for these sieves are given in 
. Specifications for Sieves for Testing Purposes 

(A.S.T.M. Designation; E U), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 


from all sources of supply. The grada- 
tion of fine aggregate from any one 
source shall be reasonably uniform and 
not subject to the extreme percentages 
of gradation specified above. For the 
purpose of determining the degree of 
uniformity of a fine aggregate, a fineness 
modulus determination shall be made 
upon representative samples of fine ag- 
gregate from such sources as are pro- 
posed for use. Fine aggregate from any 
one source having a variation in fineness 
modulus greater than plus or minus 0.20 
from the fineness modulus of the repre- 
sentative sample submitted by the con- 
tractor shall either be rejected or may be 
accepted subject to such adjustment in 
proportions as may be necessary by 
reason of changes in grading of fine ag- 
gregate. Fine aggregate from different 
sources of supply shall not be mixed or 
stored in the same pile nor used alter- 
nately in the same class of construction 
or mix, without permission from the 
engineer. 

(c) In case the concrete resulting from 
a mixture of aggregates approaching the 
extreme limits for gradation is not of a 
workable character or when finished does 
not exhibit a proper surface, due to an 
excess of particles approximately | to -| 
in. in size, either a fine aggregate having 
a sufficiently greater percentage of fine 
material, or a coarse aggregate having a 
sufficiently smaller percentage of fine 
material shall be used. 

Mortar Strength 

5. Fine aggregate shall be of such 
quality that when made into a mortar 
and subjected to the mortar strength 
test (Section 11 (e)) it shall develop a 
compressive strength at 7 and 28 days 
of not less than .... per cent'* of that 
developed by a mortar prepared in the 
same manner with the same cement and 
graded standard sand having a fineness 
modulus of 2.40 ± 0.10. 

A percentaj^e should be inserted by the engineer to 
suit local conditions. 
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Note. — The graded standard sand mentioned 
in Section 5 may be obtained with a mixture of 
approximately equal parts by weight of standard 
Ottawa sand conforming to the requirements 
prescribed in the Standard Method of Test 
for Tensile Strength of Hydraulic-Cement 
Mortars (A.S.T.M. Designation: C 190)'’ and 
graded Ottawa sand conforming to the require- 
ments specified in Section 4 of the Standard 
Method of Test for Compressive Strength of 
Hydraulic-Cement Mortars (A. S. T. M. Desig- 
nation: C109).'’ 

Soundness 

6. Fine aggregate shall pass a sodi- 
um or magnesium sulfate accelerated 
soundness test, except that aggregates 
failing in the accelerated soundness test 
may be used if they pass a satisfactory 
freezing -and-thawing test . 

Coarse Aggregate 


General Characteristics 
7. Coarse aggregate shall consist of 
crushed stone, gravel, blast-furnace slag, 
or other approved inert materials of 
similar characteristics, or combinations 
thereof, having hard, strong, durable 
pieces, free from adlierent coatings and 
conforming to the requirements of these 
specifications. 

Deleterious Substances 


8. The amount of deleterious sub- 


stances in coarse aggregate shall not 
exceed the following limits: 


per cent by 
weight 

I.inhts, 
per cent by 
weight 

Soft fragments. . 

2 

5 

Coal and lignite. 

0.25 

1 

Clay lumps. . . . 
Material finer 
than No. 200 
(74-micron) 

0.25 

0.25 

sieve 

Other deleteri- 
ous sub- 

O.S» 

p 

stances 

as specified 

as spedfii 


“The recommended requirements should be specified on 
all work where it is economically practicable to obtain 
materials couforminit thereto. 

“When the material finer than the No. 200 sieve con- 
sists^ e.'isentially of Cl usher dust, the recommended and 
ma.ximum permissible limits specified above may be raised 
to 0,7S and 1.5 per cent, respectively. 


® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Grading 

9. (a) Coarse aggregate shall be well 
graded between the limits specified and 
shall conform to the requirements pre- 
scribed in Table TI. 

(6) Designation of a given coarse ag- 
gregate as aggregate of a certain maxi- 
mum size shall be understood to mean 
that more than 5 per cent must be re- 
tained on the next smaller of the sieves 
appearing in Table II. 

(c) In case the concrete resulting from 
a mixture of aggregates approaching the 
extreme limits for gradation is not a 
workable character or when finished does 
not exhibit a proper surface, due to an 
excess of particles approximately i to 
I in. in size, either a fine aggregate 
having a sufficiently greater percentage 
of fine material or a coarse aggregate 
having a sufficiently smaller percentage 
of fine material shall be used. 

Weight of Slag 

10. Blast-furnace slag that meets the 
grading requirements of these specifica- 
tions shall conform to the following 
weight requirements: 

Compact Weight, 
min., Ib. 
per cu. ft. 

General concrete 65 

Concrete subject to abrasion 70 

Soundness 

11. Coarse aggregate shall pass a 
sodium or magnesium sulfate accelerated 
soundness lest, except that aggregates 
failing in the accelerated soundness test 
may be used if they pass a satisfactory 
freezing-and-thawing test. 

Note. — Many engineers believe that an 
abrasion test for coarse aggregate to be used in 
concrete subject to abrasion is important, but 
no test limits are specified, due to the status of 
knowledge concerning suitable specification 
limits for this test. The committee believes 
that the abrasion tests when applied to blast- 
furnace slag do not meet the requirements for a 
desirable test. This recommendation is made 
after consideration of the results of a studv to 
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determine the value of the abrasion test as to the 
concrete making properties of slag. 

Methods of Sampling and Testing 

12. The aggregates shall be sampled 
and the properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing Ma- 
terials (except as specified in Paragraph 
(/)): 

{a) Sampling . — Tentative Methods of 
Sampling Stone, Slag, Gravel, Sand, 
and Stone Block for Use as High- 
way Materials (A.S.T.M. Designation: 
D 75)/’ 


(/) Compressive Stfengih.-Stmda,id 
Method of Test for Compressive Strength 
of Molded Concrete Cylinders (A.S.T.M. 
Designation: C 39).“ 

(g) Soundness.— Tentative Method of 
Test for Soundness of Aggregates by 
Use of Sodium Sulfate or Magnesium 
Sulfate (A.S.T.M. Designation: C 88).'’ 

(h) Clay Lumps . — Standard Method 
of Test for Clay Lumps in Aggregates 
(A.S.T.M, Designation; C 142).“ 

{i) Coal and Lignite . — Standard 
Method of Test for Coal and Lignite 
in Sand (A.S.T.M. Designation: C 
123).*^ 

(j) Shale . — Method of Test for Per- 


table ii.-grading requirements eor crushed stone, gravel, and blast-furnace slag. 


Designated Size 

Percentages Passing Laboratory Sieves Having Square Openings* 

2i in. 

2 in. 

m in. 

1 in. 

Min. 

H in. 

Min. 

No. 4 
(4760- 
niicron) 

2 in. to No. 4. .. 
1}^ in. to No. 4. 

1 in. to No. 4. . . 

in. to No. 4. . 
Yi in. to No. 4“. 

2 in. to 1 in 



100 

ioo 

93 to 100 
100 

90 to ioo 
100 

95 to 100 
100 

35 to 70 

90 to 100 

33 to 70 

90 to 100 
100 

0 to IS 

20 to 55 

35 to 70 

90 to 100 
100 

10 to 30 

25 to 60 

90 to ibb 

10 to 30 

20 to 55 

0 to S 

0 to 5 

0 to 10 

0 to 10 

0 to 15 

IH in. to H in.. 



0 to 15 






“ Not more than 3 per cent passing tbe No. 8 (2380-micron) sieve. 


(6) Sieve Analysis. — Standard 
Method of Test for Sieve Analysis of 
Fine and Coarse Aggregates (A.S.T.M. 
Designation: C 136).® 

(c) Amount of Material Finer than 
No. 200 Sieve . — Standard Method of 
Test for Amount of Material Finer than 
No. 200 Sieve in Aggregates (A.S.T.M. 
Designation: C 117).® 

{d) Organic Impurities , — Standard 
Method of Test for Organic Impurities 
in Sands for Concrete (A.S.T.M. Desig- 
nation: C 40).® 

(e) Mortar Strength. — Standard 
Method of Test for Structural Strength 
of Fine Aggregate Using Constant 
Water-Cement-Ratio Mortar (A.S.T.M. 
Designation; C 87).® 


centage of Shale in Aggregate/’ Stand- 
ard Method T-10 of The American Asso- 
ciation of State Highway Officials. 

{k) Moisture . — Tentative Method of 
Test for Surface Moisture in Fine Ag- 
gregate (A.S.T.M. Designation: C 70).® 
{1) Weight of Slag . — Standard Meth- 
od of Test for Unit Weight of Ag- 
gregate (A.S.T.M. Designation: C 29).® 
(»j) Abrasion . — If abrasion tests are 
made the following methods of test are 
recommended: 

(1) Abrasion of Gravel . — Tentative 
Method of Test for Abrasion of Gravel 
by Use of the Deval Machine (A.S. 
T.M. Designation: D 289).® 

(2) Abrasionof Rock . — Standard Meth- 


“See Standard Specifications for Highway Materials 
and Methods of Sampling and Testing,” the Am. Assn. 
State Highway Officials, Part 11, p. 201 (1942). 
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0(1 of Test for Abrasion of Rock 
by Use of tlie Deval Machine (A.S. 
T.M. Designation: D 2),^ except that 
for material having specific gravities 
lower than 2.2 a 4000-g. sample shall 
be used. 

(n) Fineness Modulus . — The fineness 
modulus is the sum of percentages in 
the sieve analysis divided by 100 when 


the sieve analysis is expressed as cumu- 
lative percentages coarser than each of 
the following sieves: No. 100 (149-mi- 
cron), No. 50 (297-micron), No. 30 (590- 
micron), No. 16 (1190-micron), No. 8 
(2380-micron), and No. 4 (4760-niicron). 
The sieve analysis shall be made in 
accordance with Standard Method 
C 136.S 



Standard Specifications for 

LIGHTWEIGHT AGGREGATES FOR CONCRETE- 

# 

A.S.T.M, Designation: C 130 -42 
Adopted, 1939; Revised, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 130; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover light- 
weight aggregates suitable foi; use in 
concrete. 

Note. — The specification limits that are 
not enclosed in parentheses are recommended for 
use when it is practicable to secure economically 
materials conforming to them. When it is not 
practicable to secure such materials economically 
the specification limits may be extended, but not 
beyond the maximum permissible limits shown 
in parentheses. Generally, such extension in 
the specification limits can be compensated for 
by a change in the design of the mix or by the 
exercise of more than the usual care in the con- 
trol of the concrete during construction. 

General Characteristics 

2. (a) Lightweight aggregates shall 
consist of pumice, lava, tufa, slag, 
burned clay, burned shale, cinders de- 
rived from the high-temperature com- 
bustion of coal or coke showing a loss on 
ignition of not more than 25 per cent 
(40 per cent)® and volatile matter of not 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-9 on Concrete and Concrete 
Aggregates. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1937 to 1939. 

• See Note under Section 1 . 


more than 5 per cent, or, subject to 
approval by the engineer, other material 
having strong, durable particles and con- 
forming to the recjuirements of these 
specifications. 

(b) When approved by the engineer, 
for the purpose of securing the desired 
workability, lightweight aggregate meet- 
ing the requirements of these specifica- 
tions may be mi.xed with a fine aggregate 
meeting the requirements of the Stand- 
ard Specifications for Concrete Aggre- 
gates (A.S.T.M. Designation: C 33) of 
the American Society for Testing Ma- 
terials,'* provided, however, that the 
combined aggregate shall conform to all 
the other requirements of these specifi- 
cations. 

Deleterious Substances 

3, (a) Lightweight aggregate shall not 
contain excessive amounts of deleterious 
substances. 

(d) Organic Impurities . — All light- 
weight aggregate shall be free from in- 
jurious amounts of organic impurities. 
Aggregates subjected to the colorimetric 

4 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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test for organic impurities and producing 
a color darker than the standard shall 
be rejected unless they pass the mortar 
strength test (Section 6), which require- 
ment may be raised by the engineer by 
not more than 10 per cent. 

Grading 

4. Lightweight aggregate shall be 
graded from coarse to fine within the 
limits prescribed in Table I. 

Unit Weight 

5. Lightweight aggregate meeting the 
grading requirements of these specifica- 


reduced to the grading specified for fine 
aggregate before use in the mortar 
test. 

(b) The standard sand (Note) referred 
to in Paragraph (a) shall be natural 
silica sand from Ottawa, 111., graded as 
follows: 

Percentage 
Sieves Retained 

No. 100 (149-micron) ... 98 ± 2 
No. 50 (297-micron). . . 72 ± 5 

No. .30 (590-micron) ... 2 ± 2 
No. 16 (1190-micron). . none 

Note. — Sand conforming to the above re- 
quirements may be obtained from the Ottawa 
Silica Co., Ottawa, 111. 


TABLE I.-GRADING REQUIREMENTS FOR LIGHTWEIGHT AGGREGATES, 



tions when tested in a dry condition 
shall conform to the foliowdng weight 
requirements: 

Unit Weight, mas., 
Ib. per cu. ft. 


Fine aggregate 75 

Coarse aggregate 55 


Mortar Strength 

6. (a) Lightweight aggregate shall be 
of such quality that when made into a 
mortar and subjected to the mortar 
strength test (Section 8 (d)) it shall 
develop a compressive strength at 7 or 
28 days of not less than 70 per cent (or, 
for concrete not exposed to w^ear or 
weather, 60 per cent) of that developed 
by a mortar prepared in the same man- 
ner with the same cement and the 
graded standard sand described in Para- 
graph (b). Coarse aggregate shall be 


Soundness 

7. Lightweight aggregate, when sub- 
jected to five cycles of the accelerated 
sulfate soundness test, shall lose not 
more than 12 per cent (IS per cent)® in 
weight, provided, however, that an 
aggregate failing in this requirement 
may be accepted if it passes a satisfac- 
tory freezing-and-thawing test. The 
engineer may waive the soundness test 
requirement for lightweight aggregate 
for concrete not to be exposed to mois- 
ture. 

Methods of Sampling and Testing 

8. Lightweight aggregate shall be 
sampled and the properties enumerated 

6 Detailed requirements for these sieves are given in 
the Standard Specificatiuns for Sieves for Testing Pur- 
poses (A.S.T.M. Desianation: E 11), which appears in this 
publication, see Contents in Numeric Sequence of 
A.S.T .M. Designations at front of book. 
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in these specifications shall be deter- 
mined in accordance with the following 
methods of the American Society for 
Testing Materials: 

(a) Sampling. — Tentative Methods of 
Sampling Stone, Slag, Gravel, Sand, and 
Stone Block for Use as Highway Mate- 
rials (A.S.T.M. Designation: D 75)A 

(&) Grading. — Standard Method of 
Test for Sieve Analysis of Fine and 
Coarse Aggregates (A.S.TM. Designa- 
tion: C 136). 

(c) Unit Weight. — Standard Method 
of Test for Unit Weight of Aggregate 
(A.S.T.M. Designation: C 29),^ utilizing 
the jigging procedure described in Sec- 
tion 6 of Methods C 29. Unit weights 
shall be determined on material dried 


to constant weights at not less than 
100 C. and not more than 120 C. 

(d) Mortar Strength. — Standard 
Method of Test for Structural Strength 
of Fine Aggregate Using Constant 
Water-Cement-Ratio Mortar (A.S.T.M. 
Designation: C 87).'^ 

(e) Compressive Strength. — Standard 
Method of Test for Compressive Strength 
of Molded Concrete Cylinders (A.S.T.M. 
Designation: C 39).’^ 

(/) Soundness. — Tentative Method of 
Test for Soundness of Aggregates by Use 
of Sodium Sulfate or Magnesium Sulfate 
(A.S.T.M. Designation: C 88). 

(g) Organic Impurities. — Standard 
Method of Test for Organic Impurities 
in Sands for Concrete (A.S.T.M. Desig- 
nation: C40).‘' 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A37.7-1944 


AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
AA.S.H.O. NO.: T 96-44 


Sta7ida?'d Method of Test for 

ABRASION OF COARSE AGGREGATE BY USE OF THE 
LOS ANGELES MACHINE^ 



A.S.T.M, Designation: C 131 - 44 
Adopted, 1939; Revised, 1944.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 131; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedure 
for testing crushed rock, crushed slag, 
uncrushed gravel, and crushed gravel 
(Note), for resistance to abrasion in the 
Los Angeles testing machine with an ab- 
rasive charge. 

Note — Ledge rock, hand-broken into ap- 
proximately cubical fragments of the different 
sizes shown, when tested by this method, has 
been found to have a loss of approximately 85 
per cent of that for crushed rock of the same 
quality 

Apparatus 

2 {a) Los Angeles Machine . — The 
Los Angeles abrasion testing machine, 
conforming in all its essential character- 
istics to the design shown in Fig. 1, shall 
be used. The machine shall consist of 
a hollow steel cylinder, closed at both 
ends, having an inside diameter of 28 in. 
and an inside length of 20 in. The 
cylinder shall be mounted on stub shafts 

1 Under the standardization procedure of the Society, 
lids method is under the joint jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete atrd Concrete Aggregates and 
Committee D-4 on Road and Paving Materials. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1937 to 1939, being revised in 
1938 and 1939. 


attached to the ends of the cylinder but 
not entering it, and shall be mounted in 
such a manner that it may be rotated 
about its axis in a horizontal position. 
An opening in the cylinder shall be 
provided for the introduction of the test 
sample. The opening shall be closed 
dust-tight with a removable cover bolted 
in place. The cover shall be so designed 
as to maintain the cylindrical contour 
of the interior surface unless the shelf 
is so located that the charge will not fall 
on the cover, or come in contact with it 
during the test. A removable steel 
shelf, projecting radially 31 in. into the 
cylinder and extending its full length, 
shall be mounted along one element of 
the interior surface of the cylinder. The 
shelf shall be of such thickness and so 
mounted, by bolts or other approved 
means, as to be firm and rigid. The 
position of the shelf shall be such that 
the distance from the shelf to the open- 
ing, measured along the circumference 
of the cylinder in the direction of rota- 
tion, shall not be less than 50 in. 

Note. — ^The use of a shelf of wear-resistant 
steel, rectangular in cross-section and mounted 
independently of the cover, is nref erred. Wnw. 
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ever, a sbelf consisting of a section of rolled 
angle, properly mounted on the inside of the 
cover plate, may be used provided the direction 
of rotation is such that the charge will be caught 
on the outside face of the angle. 

(6) Sieves. — Square-hole sieves of the 
following sizes shall conform to the 


Abrasive Charge 

3, (a) The abrasive charge shall con- 
sist of cast-iron spheres or steel spheres 
approximately If in. in diameter and 
each weighing between 390 and 445 g. 
The cast-iron spheres shall conform to 



Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: E 11) of the American Society 
for Testing Materials 

Fine Series: 

No. 12 (1680-micron) 

Coarse Series: 
l|-in. 

1-in. 

fin. 

i'in. 


’ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


the following requirements as to chemi- 


cal composition: 

Combined carbon, min., per cent 2.50 

Graphitic carbon, max., per cent. ... 0.25 

Manganese, max., per cent 0.50 

Phosphorus, max., per cent 0.25 

Sulfur, max., per cent O.OS 

Silicon, max., per cent 1.00 


Note. — Cast-iron spheres, uniform in size, 
conforming to these specifications are available. 
The above chemical requirements for the cast- 
iron spheres are identical with those for the 
cast-iron spheres used in the rattler test for pav- 
ing brick as prescribed in the Standard Speci- 
fications for Paving Brick (A.S.T.M. Designa- 
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tion: C 7) of the American Society for Testing 
Materials.® 

Steel spheres in. in diameter and weigh- 
ing 417 g. can be obtained from at least one 
manufacturer. If they are not readily available, 
the next larger size (1| in.) may be ground to 
size. 

(b) The abrasive charge, depending 
upon the grading of the test sample as 
described in Section 4, shall be as 
follows : 


Number Weight of 

Grading of Spheres Charge, g. 

A 12 5000 =h 25 

B 11 4584 ±25 

C 8 3330 ± 20 

D 6 2500 ±15 


Test Sample 

4. The test sample shall consist of 
5000 g. of clean, dry aggregate and shall 
conform to one of the gradings shown 
in Table I. The grading used shall 
be that most nearly representing the 
aggregate furnished for the work. 


TABLE I.-GRADINGS OF TEST SAMPLES. 


Sieve Size j 

(SqUiire Openings) ! 


Weight, g. 





. ® 

, O 

. Q 

Passing ’ 

Retained on 

o'" 

o'" 

o'" 

Is 

O " 


1 in 

12.30 




'4, };i 

1250 




H in. 

1250 

2500 



H in. 

% in. 



No. .3 

1250 

2500 

2500 


No. 3 

No. 4 

No. 4 , 

No. 8 



2500 

s666 


Procedure 

5. The test sample and the abrasive 
charge shall be placed in the Los Angeles 
abrasion testing machine and the ma- 
chine rotated for 500 revolutions at a 
speed of from 30 to 33 r.p.m. If an 
angle is used as the shelf, the machine 
shall be rotated in such a direction that 
the charge is caught on the outside sur- 
face of the angle. At the completion 
of the test, the material shall be removed 
from the machine and sieved on a No. 12 
(1680-micron) sieve. The material re- 
tained on the sieve shall be washed, 
dried, and accurately weighed to the 
nearest gram (Note). 

Note. — Attention is called to the fact that 
valuable information concerning the uniformity 
of the sample under test may be obtained by 
determining the loss after 100 revolutions. 
When this determination is made, care should be 
taken to avoid loss of any part of the sample; 
the entire sample, including the dust of abrasion, 
shall be returned to the testing machine for the 
completion of the test. 

Calculation 

6. The difference between the original 
weight and the final weight of the test 
sample shall be expressed as a percentage 
of the original weight of the test sample. 
This value shall be reported as the per- 
centage of wear. 



AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.; T 112-42 


Standat'd Method of Test for 
CLAY LUMPS IN AGGREGATES^ 



A.S.T.M. Designation: C 142 - 39 
Adopted, 1939.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 142; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the pro- 
cedure for the approximate determina- 
tion of clay lumps in the routine exami- 
nation of aggregates. 

Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Balance . — Balance or scale sensi- 
tive to within 0.1 per cent of the weight 
of the sample to be weighed. 

{b) Containers.— CanidarveYS, of a size 
and shape that will permit the spreading 
of the sample on the bottom in a thin 
layer. 

ic) Sieves , — Sieves conforming to the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: Ell) of the American Society for 
Testing Materials.^ 

Samples 

3. (a) Samples shall be obtained by 
ciuarLcring or by the use of a sampler 

_ * Under the standardballon procedure of tlie Society, 
this jiiethod is under the jurisdiction of the A.S.T.M, 
Committee C-9 on Concrete and Concrete Aggregates. 

2 Prior to adoption as standard, this method was pub- 
lished as ten tative_ from 1938 to 1939, 

5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


from a representative sample selected 
from the material to be tested. They 
shall be handled in such a manner as to 
avoid breaking up clay lumps which 
may be present. 

(b) Samples shall l;)e dried to su]> 
stantially constant weight at a tempera- 
ture not exceeding 110 C. (230 F.). 

(d) Samples of fine aggregate shall 
consist of the particles coarser than a 
No. 16 (1190-micron) sieve and shall 
weigh not less than 100 g. 

(d) Samples of coarse aggregate shall 
be separated into different sizes using 
the following sieves; No. 4 (4760-niicron), 
|-in., f-in., and l|-in. The weight of 
sample for the different sizes shall be not 
less than indicated in the following table: 

Size of Particles Weight of Sample, 

J.Iaking up Sample min., g. 

No. 4 to l-in 1000 

ftol-in. 2000 

f to If in 3000 

Over If in 5000 

(e) In the case of mixtures of fine and 
coarse aggregates, the material shall be 
separated into two sizes on the No. 4 
(4760-micron) sieve, and the samples of 
fine and coarse aggregates shall be pre- 
pared in accordance with Paragraphs 
(c) and (d). 
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Procedure 


Calculation 


4. The sample shall be spread in a 
thin layer on the bottom of the container 
and examined for clay lumps. Any 
particles which can be broken into finely 
divided particles with the fingers shall 
be classified as clay lumps. After all 
discernible clay lumps have been broken, 
the residue from the clay lumps shall be 
removed by use of the sieves indicated 
in the follownig table: 

Size of Sieve for 
Size of Particles Sieving Residue of 

Making up Sample Clay Lumps 

Fine aggregate (retained 
on No. IQ (1190-micron) 

sieve) No. 20 (S40-micron) 

No. 4to_J^-in No. S (2380-micron) 

to M-in No. 4 (4760-micron) 

% to li/2-ia No. 4 (4-760-raicron) 

Over IJ-^-in No. 4 (4760-micron) 


5. The percentage of clay lumps shall 
be calculated to the nearest 0.1 per cent 
in accordance with the following 
formula: 


where: 

X == percentage of clay lumps, 

W — weight of sample, and 
R — weight of sample after removal 
of clay lumps. 



AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: T 113-44 


Standard Method of Test for 
COAL AND LIGNITE IN SAND' 



A.S.T.M. Designation: C 123 - 44 
Adopted, 1939; Revised, 1944.** 

This Standard of tlie American Society for Testing Materials is issued under 
the fixed designation C 123; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers a pro- 
cedure for the approximate determina- 
tion of coal and lignite in the routine 
laboratory examination of sands. This 
method separates along with the coal 
and lignite other particles of low specific 
gravity, such as small pieces of wood, 
vegetable matter, etc. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Balance . — A balance having a 
capacity of at least 200 g. and sensitive 
to 0.01 g. A less sensitive balance may 
be used in weighing the wet sample. 

(b) Container . — A container suitable 
for drying the sand sample. 

(c) Beakers . — Two 400-ml. tail-form, 
lipped beakers, 

(d) Wire Game or Sieve . — Wire gauze 
or a §mall sieve having about thirty 
openings per inch. A piece of wire 


_ ' Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates. 

5 Prior to adoption as standard, this method was pub- 
lished as tentative from 1936 to 1939. 


gauze would probably be more suitable 
than a sieve. 

(<?) Hot Plate or Oven. 

Procedure 

3. A quantity in excess of 200 g. of 
sand (sampled wet) shall be dried to 
constant weight at a temperature of 
approximately 105 C. A 200'g. sample 
of the dried sand shall then be weighed 
to the nearest 0.01 g. The sample shall 
then be poured slowly into about 250 
ml. of a liquid having a specific gravity 
of 2.0 (Note) contained in one of the 
400-ml. beakers. The liquid shall then 
be poured off into the second beaker 
passing it through the gauze or sieve. 
Care shall be taken that only the float- 
ing particles are poured off with the 
liquid and that none of the sand is 
decanted onto the gauze or sieve. The 
liquid collected in the second beaker 
shall then be returned to the beaker con- 
taining tlie sand, and, after further 
agitation of the sample by stirring, the 
decanting process just described shall 
be repeated until the sample is free of 
floating particles. The decanted par- 
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tides contained on the gauze or sieve 
shall be washed in carbon tetrachloride, 
until the flotation liquid is removed, 
and then dried. The particles will dry 
very quickly, but may be placed in an 
oven at 105 C. for a few minutes if 
desired. The decanted particles shall 
then be brushed from the gauze or sieve 
onto the balance pan and the weight 
accurately determined to the nearest 

0.01 g. 


Note. — S uch a liquid can be prepared from 
an appropriate mixture of carbon tetrachloride 
and acetylene tetrabromide or bromoform and 
monobromo-benzene. 

Calculation 

4. The approximate percentage of coal 
and lignite shall be calculated from the 
following formula: 

Coal and lignite, per cent == 

Wt. of decanted particles 
Wt. of dry sample (200 g.) 


Standard Method of Test for 
ORGANIC IMPURITIES IN SANDS FOR CONCRETE^ 



A.S.T.M. Designation: C 40 - 33 
Adopted, 1922; Revised, 1927, 1933, ^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 40; the final number indicates the year of original 
adoption as standard or, in the case of revision, the j'-ear of last revision. 


Scope 

1. This method of test covers the pro- 
cedure for an approximate determina- 
tion of the presence of injurious organic 
compounds in natural sands which are 
to be used in cement mortar or concrete. 
The principal value of the test is to fur- 
nish a warning that further tests of the 
sands are necessary before they are 
approved for use. 

Sample 

2. A representative test sample of 
sand weighing about 1 ib. shall be ob- 
tained by quartering or by the use of a 
sampler. 

Reference Standard Color Solution 

3. A reference standard color solution 
shall be prepared by adding 2.5 ml. of 
a 2 per cent solution of tannic acid in 
10 per cent alcohol to 97.5 ml. of a 3 
per cent sodium hydroxide® solution. 
This shall be placed in a 12-02. bottle, 
stoppered, shaken vigorously, and al- 
lowed to stand for 24 hr. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
CoinmiUee C-iJ on Concrete and Concrete Aggregates. 

_ 5 Prior to adoption as standard, this method was pub- 
lished as tentative from 1921 to 1922. Editorially revised 
and rearranged in 1939. 


Procedure 

4. (a) A 12-oz. graduated clear glass 
bottle shall be filled to the 4|-oz. mark 
with the sample of the sand to be tested. 

(b) A 3 per cent solution of sodium 
hydroxide® in water shall be added until 
the volume of the sand and liquid indi- 
cated after shaking is 7 liquid ounces. 

(c) The bottle shall be stoppered, 
shaken vigorously, and then allowed to 
stand for 24 hr. 

Determination of Color Value 

5. {a) After standing 24 hr., the color 
of the clear liquid above the sample shall 
be compared with the color of the refer- 
ence standard color solution prepared at 
the same time and in accordance v/ith 
Section 3, or with a glass having a color 
similar to the color of the reference 
standard solution. Solutions darker in 
color than the reference standard color 
have a ‘'color value” higher than 500 
ppm. in terms of tannic acid. 

(5) In lieu of the method described in 
Paragraph (a), the color of the clear 
liquid above the sample may be com- 
pared with the colors given in Figs. 1 
to 5 (the accompanying Color Plate I). 


» Where chmicaliy pure sodium hydroxide is not avail- 
able* commercial soda lye may be used. 
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Standard Method of Test for 

AMOUNT OF MATERIAL FINER THAN NO. 200 SIEVE 
IN AGGREGATES^ 



A.S.T.M. Designation; C 117 - 37 
Adopted, 1937.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 117; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test outlines the 
procedure for determining the total 
quantity of material liner than a 
standard No. 200 (74:-micron) sieve in 
aggregates. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Sieves . — A nest of two sieves, the 
first being a No. 200 (74-micron) sieve 
conforming to the requirements of the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: Ell) of the American Society for 
Testing Materials,^ and the second, a 
sieve having ap])ro.\iinately 16 meshes 
per linear inch. 


1 Under the standardisation procedure of tlie Society, 
this method is under the joint jurisdiction of A.S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates and 
Committee D-4 on Road and Paving Materials. 

2 Prior to adoption as standard, this method was pub- 
lished _as tentative from 1935 to 1937. 

This method i.s in effect a revision of and replaces the 
former Standard Method of Test for Quantitj'- of Clay and 
Silt in Gravel for Highway Construction (D 72 -21) and the 
Standard Method of Decantation Test for Sand and Other 
Fine Aggregates (D 136-28) which methods were accord- 
ingly discontinued in 1937. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


(6) Container. — A pan or vessel of a 
size sufficient to contain the sample 
covered with water and to permit of 
vigorous agitation without inadvertent 
loss of any part of the sample or water. 

Test Sample 

3. The test sample shall be selected 
from material wbich has been thoroughly 
mixed and which . contains sufficient 
moisture to prevent segregation. A 
representative sample, sufficient to yield 
not less than the appropriate v/eight of 
dried material, as shown in the following 
table, shall be selected : 

ApPEOXlltA'IE 

Nominai. Diameter of Minimum Weight 

Largest Particle, in. of Sample, kg. 

i 0.5 

1 2.5 

1-2 or over. 5.0 

Procedure 

4. {a) The test sample shall be dried 
to constant weight at a temperature not 
exceeding 110 C. (230 F.) and weighed 
to the nearest 0.02 per cent. 

(&) The test sample after being dried 
and weighed shall bp placed in the con- 
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tainer and sufficient water added to 
cover it. The contents of the container 
shall be agitated vigorously and the 
wash water poured immediately over 
the nested sieves, arranged with the 
coarser sieve on top. 

(c) The agitation should be sufficiently 
vigorous to result in the complete separa- 
tion from the coarse particles of all 
particles finer than the No. 200 (74- 
micron) sieve and bring the fine material 
into suspension in order that it will be 
removed by decantation of the wash 
water. Care shall be taken to avoid, 
as much as possible, the decantation of 
the coarse particles of the sample. The 
operation shall be repeated until the 
wash water is clear. 

(d) All material retained on the nested 
sieves shall be returned to the washed 
sample. The washed aggregate shall be 
dried to constant weight at a tempera- 


ture not exceeding 110 C. (230 F.) and 
weighed to the nearest 0.02 per cent. 

Calculation 

5. The results shall be calculated from 
the following formula: 

Percentage of orig. dry wt. — dry 
material finer wt. after washing 
than No. 200 oi-jg, (jj-y ^^t. ^ 

sieve 


Check Determinations 

6. When check determinations are 
desired, the wash water shall be either 
evaporated to dryness or filtered through 
tared filter paper which shall subse- 
quently be dried, the residue weighed, 
and the percentage calculated from the 
following formula: 


Percentage of material 
finer than No. 200 
sieve 


wt. of residue 

_ — ^ X joo 

ong. dry wt. 
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Standard Method of Test for 
SIEVE ANALYSIS OF FINE AND COARSE AGGREGATES' 



A.S.T.M. Designation: C 136 -39 

Adopted, 1939.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 136; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers a pro- 
cedure for the determination of the 
particle size distribution of fine and 
coarse aggregates, using sieves with 
square openings. The method is also 
applicable to the use of laboratory 
screens with round openings. It is not 
intended for use in the sieve analysis of 
aggregates recovered from bituminous 
mixtures or for the sieve analysis of 
mineral fillers. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Balance. — The balance or scale 
shall be sensitive to within 0.1 per cent 
of the weight of the sample to be tested. 


1 Under the standardization procedure of the Society, 
this method is under the joint jurisdiction of A.S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates and 
Committee D-4 on Road and Paving Materials. 

5 Prior to adoption as standard, this method was pub- 
lished as tentative from 1938 to 1939. 

This method represents a consolidation of the former 
Standard Methods of Mechanical Analysis of Sand or 
Other Fine Highway Material, Except Fine Aggregates 
Used in Cement Concrete (D 7 - 27), of Mechanical Analy- 
sis of Broken Stone or Broken Slag, E.xcept Aggregates 
Used in Cement Concrete (D 18 - 16), of Mechanical 
Analysis of Mixtures of Sand or Other Fine Material with 
Broken Stone or Broken Slag, Except Aggregates Used in 
Cement Concrete (D 19 - 16), and Test for Sieve Analysis 
of Aggregates for Concrete (C 41 -36), which standards 
were accordingly discontinued in 1938. 


(6) Sieves . — The sieves with square 
openings shall be mounted on sub- 
stantial frames constructed in a manner 
that will prevent loss of material during 
sieving. Suitable sieve sizes shall be 
selected to furnish the information 
required by the specifications covering 
the material to be tested. The woven 
wire cloth sieves shall conform to the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: E 11) of the American Society for 
Testing Materials.® 

Note. — If round-hole perforated plate 
screens are used, the openings shall conform to 
the applicable dimensions and tolerances pre- 
scribed in the Standard Specifications for Sieves 
for Testing Purposes (A.S.T.M. Designation: 
Ell) of the American Society for Testing Ma- 
terials.® 

Samples 

3. (a) Samples for sieve analysis shall 
be obtained, by quartering or by use of a 
sampler, from a representative sample 
selected from the material to be tested. 

(b) Samples of fine aggregate for sieve 
analysis shall weigh, after drying, not 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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less than the amount indicated in the 
following table; 

Material with at least 95 per cent finer 
than a No. 10 (2000-niicron) sieve. . . . 100 g. 
Material with at least 90 per cent finer 
than a No. 4 (4760-imcron) sieve and 
more than S per cent coarser than a 
No. 10 (2000-micron) sieve 500 g. 

(c) Samples of coarse aggregate for 
sieve analysis shall weigh, after drying, 
not less than an amount indicated in the 
following table: 


Nominal Maximum 
Size of Particle, in. 


i 

f 


1 . . 
li 
2 .. 


2 -| 


3, 

3i 


Minimum Weight 
of Sample, g.“ 

.. 1000 
. . 2 500 
.. 5 000 
.. 10 000 
.. 15 000 
.. 20 000 
.. 25 000 
. . 30 000 
.. 35 000 


“ For samples weighing 5000 g. or more it is recom- 
tnencled that sieves mounted in frames 16 in. in diameter 
or larger be used. 


(d) In the case of mixtures of fine and 
coarse aggregates, the material shall be 
separated into two sizes on the No. 4 
(4760-micron) sieve and the samples of 
fine and coarse aggregates shall be pre- 
pared in accordance with Paragraphs 
(b) and (c). 

(e) In the case of fine aggregate, the 
material finer than the No. 200 (74- 
micron) sieve shall be determined in 
accordance with the Standard Method of 
Test for Amount of Material Finer than 
No. 200 Sieve in Aggregates (A.S.T.M. 
Designation: C 117) of the American 
Society for Testing Materials^ and the 
sieve analysis made on the material 
coarser than the No. 200 (74-micron) 
sieve. 

Preparation of Sample 

4. Samples shall be dried to sub- 
stantially constant weight at a tempera- 
ture not exceeding 110 C. (230 F.). 


Procedure 

5. (a) The sample shall be separated 
into a series of sizes using such sieves as 
are necessary to determine compliance 
with the specifications for the material 
under test. The sieving operation shall 
be conducted by means of a lateral and 
vertical motion of the sieve, accom- 
panied by jarring action so as to keep 
the sample moving continuously over 
the surface of the sieve. In no case 
shall fragments in the sample be turned 
or manipulated through the sieve by 
hand. Sieving shall be continued until 
not more than 1 per cent by weight of 
the residue passes any sieve during 1 
min. On that portion of the sample 
retained on the No. 4 (4760-micron) 
sieve, the above described procedure for 
determining thoroughness of sieving 
shall be carried out with a single layer 
of material. When mechanical sieving 
is used, the thoroughness of sieving shall 
be tested by using the hand method of 
sieving as described above. 

(b) The weight of each size shall be 
determined on a scale or balance con- 
forming to the requirements specified 
in Section 2 (a). 

Report 

6. The results of the sieve analysis 
shall be reported as follows: (a) total 
percentages passing each sieve, or (h) 
total percentages retained on each sieve, 
or (c) percentages retained between 
consecutive sieves, depending upon the 
form of the specifications for the use of 
the material under test. Percentages 
shall be reported to the nearest whole 
number and shall be calculated on the 
basis of the weight of the test sample 
including any material finer than the 
No. 200 (74-micron) sieve. 
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Standard Method of Test for 

SPECIFIC GRAVITY AND ABSORPTION OF COARSE 
AGGREGATE! 



A.S.T.M. Designation: C 127 - 42 

Adopted, 1939; Revised, 1942.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 127; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. {a) This method of test is intended 
for use in making determinations of 
bulk and apparent specific gravity, and 
absorption (after 24 hr. in water at room 
temperature) of coarse aggregate. The 
bulk specific gravity is the value gener- 
ally desired for calculations in connec- 
tion with portland-cement concrete. 

(&) This method determines directly 
the bulk specific gravity as defined in 
the Standard Definitions of Terms Relat- 
ing to Specific Gravity (A.S.T.M. Desig- 
nation: E 12) of the American Society for 
Testing Materials,® or the bulk specific 
gravity on the basis of v/eight of satu- 


> Under tlie standardization procedure of the Society, 
this method is under the joint jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates and 
Committee D-4 on Road and Paving Materials. 

s Prior to adoption as standard, this method was pub- 
lished as tentative from 1936 to 1939. 

This method represents a consolidation of the former 
Standard Methods of Test for Apparent Specific Gravity 
of Coarse Aggregates (D 30 - 18), Test for Absorption by 
Aggregates for Concrete (Laboratory Determination) (C 
95 - 36), Field Test for Absorption of Mixing Water by 
Aggregates for Concrete (C 96 - 36), and the former Ten- 
tative Method of Test for .Apparent Specific Gravity of 
Coarse .Aggregates in a Saturated Condition (C 86 - 31 T), 
which methods were accordingly discontinued in 1936. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designatious at front of book. 


rated surface-dry aggregate, or the ap- 
parent specific gravity as defined in the 
Standard Definitions E 12.® 

Apparatus 

2. The apparatus shall consist of the 
following: 

(а) Balance . — A balance having a 
capacity of 5 kg. or more and sensitive 
to 0.5 g.. or less. 

(б) Wire Basket . — A wire basket of 
No. 4 mesh, approximately 8 in. in 
diameter and 8 in. in height. 

(c) A suitable container for immersing 
the wire basket in water and suitable ap- 
paratus for suspending the wire basket 
from center of scale pan of balance. 

Sample 

3. Approximately 5 kg. of the aggre- 
gate shall be selected from the sample to 
be tested by the method of quartering, 
rejecting all material passing a |-in. 
sieve. In the case of homogeneous ag- 
gregate, all material may be retained on 
a 1-in. sieve. 
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Procedure 

4. (a) After thoroughly washing to 
remove dust or other coatings from the 
surface of the particles, the sample shall 
be dried to constant weight at a temper- 
ature of 100 to 1 10 C. (Note) and then 
immersed in water at 15 to 25 C., for a 
period of 24 hr. It shall then be re- 
moved from the water and rolled in a 
large absorbent cloth until all visible 
films of water are removed, although 
the surfaces of the particles still ap- 
pear to be damp. The larger fragments 
may be individually wiped. Care should 
be taken to avoid evaporation during the 
operation of surface drying. The weight 
of the sample in the saturated surface-dry 
condition shall then be obtained. This 
and all subsequent weights shall be 
determined to the nearest 0.5 g. 

Note. — Where the absorption and specific 
gravity values may be utilized as a basis for 
designing concrete mixtures with aggregates 
normally used in a moist condition, the require- 
ment of drying to constant weight may be 
eliminated. 

(6) After weighing, the saturated sur- 
face-dry sample shall be placed immedi- 
ately in the wire basket and its weight 
in water determined. 

(c) The sample shall then be dried to 
constant weight at a temperature of 100 
to HOC., cooled to room temperature, 
and weighed. 


Bulk sp. gr. 


A 

B - C 


where: 

A = weight in grams of oven-dry 
sample in air, 

B = weight in grams of saturated 
surface-dry sample in air, and 

C = weight in grams of saturated 
sample in water. 


Bulk Specific Gravity (Saturated Sur- 
face-Dry Basis) 

6. The bulk specific gravity on the 
basis of weight of saturated surface- 
dry aggregate shall be calculated from 
the following formula: 


Bulk sp. gr. 

(saturated surface-dry basis) 


B 

B-C 


Apparent Specific Gravity 

7. The apparent specific gravity as 
defined in the Standard Definitions of 
Terms Relating to Specific Gravity 
(A.S.T.M. Designation: E 12) of the 
American Society for Testing Materials,® 
shall be calculated from the following 
formula: 

, A 

Apparent sp. gr. = ^ ^ 

Absorption 

8. The percentage of absorption shall 
be calculated from the following formula: 


Bulk Specific Gravity 

5. The bulk specific gravity as defined 
in the Standard Definitions of Terms 
Relating to Specific Gravity (A.S.T.M. 
Designation: E 12) of the American 
Society for Testing Materials,® shall be 
calculated from the following formula: 


Absorption, per cent = ^ X 100 

A 

Reproducibility of Results 

9. Duplicate determinations should 
check to within 0.02 in the case of specific 
gravity and 0.05 per cent in the case of 
percentage of absorption. 
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Standard Method of Test for 
SPECIFIC GRAVITY AND ABSORPTION OF F.INE AGGREG ATRi 



A»S.T.M. DesigRatloii: C 128 - 42 
Adopted, 1939; Revised, 1942.® 

This Standai'd of the American Society for Testing Materials is issued under 
the fixed designation C 128; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


ScOpG 

1. {a) This method of test is intended 
for use in making determinations of bulk 
and apparent specific gravity, and ab- 
sorption (after 24 lir. in water at room 
temperatiu'e) of fine aggregate. Tlie 
bulk specific gravity is the value gener- 
ally desired for calculations in connec- 
tion with portland-cement concrete. 

(/;) This method determines directly 
the bulk specific gravity as defined in 
the Standard Definitions of Terms E.e- 
lating to Specific Gravity (A.S.T.M. 
Designation: E 12) of the American 
Societ}’ for Testing Materials/^ or the 
builv. specific gram'ty on the basis of 
weight of saturated surface-dry aggre- 
gate, or the apparent specific gravity as 
defined in the Standard DeP.nitions 
E 12.3 


1 Umler the iitaiKUirdiz'iticin pn)ceilure of the Societj’, 
thi.s Miethoil is iiuuer tlie joint jurisdiction of the A.S.T.M. 
Convnittce C-9 on Concrete nncl Concrete .\gi;rsi,ate.s and 
Committee D-i on Road and Paving Materials. 

- Prior to adoption as .standard, this method was pub- 
lished as tentative from 1936 to 1939. 

This raethod represents a consolidation of the former 
Standard Methods of Test for Approximate .Apparent 
Si.s'cilh; (h'.'iv ity of Fine AggiTKale (C (i3-30), Test For 
.'Ippatcrit Snfchic Cravity of Saivi, Slone, arnl Slag 
Screenings, and other Fine Non-Rituminoaa Highway 
hfateriais fD 5 .t - 25), Test for Absorptiou by Aggregates 
for t'onc’e'e tLah -.'ato'-y Hetcrminaiions) (C95-.j6), 
and Fiehl 'i'est for .-UjsnTplion of Mking IV tiler by .'l/t.gre- 
gate-! for i’onriete ttl "o .to), which methnd.s were ac- 
cordingly discontinued. 

Appears in tliis puldication, see Contents in Numeric 
Sequence of A.S.T..M. Dcidgnations at front of bool;. 


Apparatas 

2. The apparatus shall consist of the 
following: 

(«) Balance . — A balance haAong a 
capacity of 1 kg. or more and sensitive 
to 0. 1 g. or less. 

(6) Flash . — A volumetric flask of 
SOO-ml. capacity, calibrated to 0.15 ml. 
at 20 C. 

(c) Conical Mold . — A conical metal 
mold 1| in. in diameter at the top, 3| in. 
in diameter at the bottom, and 2| in. in 
height. 

• (d) Tamping Rod.— A metal tamping 

rod weighing 12 oz. and having a flat 
circular tamping face 1 in. in diameter. 
Preparation of Sample 
■ 3. Approximately 1000 g. of the fi.ne 
aggregate selected from the sample by 
t!ie method of quartering shall be placed, 
in a suitable pan or vessel, after diying 
to constant weight at a temperature of 
100 to HOC. (Note 1), covered with 
v/ater, and permitted to stand for 24 hr. 
The sample shall then be spread on a flat 
surface, e.xposed to a gently moving 
current of warm air, and stirred fre- 
quently to secure uniform drying. This 
operation shall be continued until the fine 
aggregate approaches a free-flovving con- 
dition. The fine aggregate shall then be 
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placed loosely in the conical mold, the 
surface lightly tamped 25 times with the 
metal rod, and the mold lifted vertically. 
If free moisture is present, the cone of 
fine aggregate will retain its shape. 
Drying with constant stirring shall be 
continued and tests made at frequent 
intervals, until the cone of fine aggregate 
slumps upon removal of the mold. 
This indicates that the fine aggregate 
has reached a surface-dry condition 
(Note 2). 

Note 1. — Where the absorption and specific 
gravity values may be utilized as a basis for 
designing concrete mixtures with aggregates nor- 
mally used in a moist condition, the requirement 
of drying to constant weight may be eliminated. 

Note 2. — The procedure described in Section 
3 is intended to insure that the first trial de- 
termination shall be made with some free water 
in the sample. If the cone of fine aggregate 
slumps on the first trial, the fine aggregate has 
been dried past the saturated and surface-dry 
condition. In this case a few milliliters of water 
shall be thoroughly mixed with the fine aggregate 
and the sample permitted to stand in a covered 
container for 30 min. The process of drying and 
testing the fiine aggregate shall then be resumed. 

Procedure 


Bulk Specific Gravity 

5. The bulk specific gravity as defined 
in the Standard Definitions of Terms 
Relating to Specific Gravity (A.S.T.M. 
Designation: E 12) of the American 
Society for Testing Materials,® shall be 
calculated from the following formula: 



where: 

A = weight in grams of oven-dry 
sample in air, 

V = volume in milliliters of flask, and 
W = weight in grams or volume in 
milliliters of water added to 
flask. 

Bulk Specific Gravity (Saturated Sur» 
face-Dry Basis) 

6. The bulk specific gravity on the 
basis of weight of saturated surface-dry 
aggregate shall be calculated from the 
following formula: 

500 

Bulk sp. gr. = 

(saturated surface-dry basis) ^ 


4. (ff) A 500.0-g. sample of the mate- 
rial, prepared as described in Section 3, 
shall be introduced immediately into the 
flask and the flask filled almost to the 
500-mL mark with water at a tempera- 
ture of 20 C. The flask shall then be 
rolled on a flat surface to eliminate all 
air bubbles, after which it shall be placed 
in a constant temperature bath main- 
tained at 20 C. After approximately 
1 hr. it shall be filled with water to the 
500-ml. mark and the total weight of 
water (Note) introduced into the flask 
shall be determined to the nearest 0.1 g. 

Note. — If desired, the quantity of water 
necessary to fill the flask may be determined 
volumetricaUy by the use of a burette accurate 
to 0.1 ml. 


Apparent Specific Gravity 

7. The apparent specific gravity as 
defined in the Standard Definitions 
of Terms Relating to Specific Gravity 
(A.S.T.M. Designation: E 12) of the 
American Society for Testing Materials,® 
shall be calculated from the following 
formula: 


Apparent sp. gr. 


A 

{V - W) - (SOO - A) 


Absorption 

8. The percentage of absorption shall 
be calculated from the following formula: 

500 - A 

Absorption, per cent == X 100 


(b) The fine aggregate shall be re- 
moved from the flask and dried to 
constant weight at a temperature of 100 
to 110 C., cooled to room temperature 
in a desiccator, and weighed. 


Reproducibility of Results 

9. Duplicate determinations should 
check to within 0.02 in the case of 
specific gravity and 0.05 per cent in the 
case of percentage of absorption. 



AMERICAN ASSOCIATION STATE 
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Standard Method of Test for 

STRUCTURAL STRENGTH OF FINE AGGREGATE USING 
CONSTANT WATER-CEMENT-RATIO MORTAR^ 



A.S.T.M. Designation: C 87 - 44 

Adopted, 1936; Revised, 1939, 1942, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C87; the final number indicates the year of original 
■adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the pro- 
cedure for determining the “structural 
strength” of sands to be used as fine 
aggregate in concrete by means of a com- 
pression test on a mortar of plastic con- 
sistency and gaged to a definite water- 
cement ratio. 

Mortar 

2. Cement and water (Section 5) in 
quantities^ that will give a water- 
cement ratio of 0.6 by weight shall be 
placed in an appropriate vessel^ and the 
cement permitted to absorb water for 1 
min. The materials shall then be mixed 
with a spoon^ into a smooth paste. A 
sample of sand of known weight® that 
has been placed in a saturated surface- 


_ 1 Under the standardization procedure of the Society, 
this nsethod is under the jurisdiction of the A.S.T.M. Com- 
mittee C-9 on Concrete and Concrete Aggregates. 

2 Prior to adoption as standard, this method ■was 
published as tentative from 1931 to 1936, being revised in 
1932. 

’ For six 2-in. cubes, 600 g. of cement and 360 ml. of 
water will usually give sufficient mortar. The quantity 
of sand used with this amount of cement may vary from 
1200 g. for fine sand to 2000 g. or more for coarse sand._ 

< An ordinary sauce pan of 4-qt. capacity, 9f'J in. in 
diameter at the top and 434 in. in height, and a large 
iron kitchen spoon are suitable for use in mixing the 
mortar. 
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dry condition® by means of the proce- 
dure specified in Section 3 of the Stand- 
ard Method of Test for Specific Gravity 
and Absorption of Fine Aggregate 
(A.S.T.M. Designation: C 128) of the 
American Society for Testing Materials,® 
shall be beaten into the mixture until 
the material appears to be of the desired 
consistency (flow 100 zfc 5). The mix- 
ing shall be continued for 30 sec. and a 
determination of the flow made in ac- 
cordance with Section 3. 

Flow Test 

3. (a) Apparatus . — The flow test shall 
be made on a 10-in. flow table consisting 
of a circular bronze plate 10 in. in di- 
ameter, so mounted that the surface is 
level, and equipped with a mechanism 
for raising the plate | in. and allowing 
it to fall without cushioning. The flow 
table with the attached shaft shall weigh 
9 ± 1 lb. The frame of the table shall 

‘If the absorption as determined by the Standard 
Method C 128 is known, sand may be prepared for test 
by adding to a known weight of dry sand the amount of 
water it will absorb, mixing thoroughly, and permitting 
the sand to stand in a covered pan for 30 min. before use. 

‘ Appears in this publication, see Contents in Numeric 
Sequence of A,S.T.M. Designations at front of book. 
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be attached rigidly to a concrete pedestal 
which ill turn shall be attached rigidly 
to the floor. The concrete pedestal shall 
be at least 8 in. in diameter and 25 in, 
in height and shall weigh at least 100 lb. 
A right truncated cone, 2f in. in diameter 
at the top, 4 in. in diameter at the bot- 
tom, and 2 in. in height shall be used to 
measure the volume of the mortar for 
the test. 

(b) Procedure . — Immediately after 
mixing, tlie mortar shall be placed in the 
cone which has been carefidl}^ centered 
on the flow table. The mortar shall be 
rodded 25 times with a f-in. rod, the 
surpliis strucl: ofl, the plate wiped clean, 
tl e cone remo\-cd, as id the table given 
iO drops in 10 see. The percentage of 
increase in the diiuvicler of the base of 
the part, mcusin-cd oji two diameters at 
riglit angles to each other, shall be re- 
corded as the llow. bhoiiid the flow be 
too great, llie rnorlar may be returned to 
tlic mixing 'ccvGol, additiomd sand added, 
and LinoLlicr (loieroiliuilimi of the flow 
made. If mure than two 1 rials raiiffl be 
made to ol^tain a flow of iOO ± 5, the 
mortar slioukl be considered as a trial 
mortar and the test specimens prepared 
from a new batch. If the mortar is too 
dry, the batch shall be discarded. The 
quantify of sand used, sliali lx? deter- 
mined by sulitracting I he weigiit of the 
portion remaining after mixing from the 
weight of the initial sample. 


Molding Specimens 

4. Immediately following the deter- 
mination of the flow, the mortar slndl be 
placed in 2 by 4-in. cylindrical molus in 
three layers or in 2-in. cubes in two 
layers, each layer rodded in place wiih 
25 strokes of a f-in. rod, and the mold 
filled to overflowing. The specimens 
shall be placed in a moist closet for cur- 
ing. Tliree to four hours after molding 
the specimens sliali be .struck off to a 
smooth surface. Tsveni y to ! wi!.;it}'-four 
hours after molding, the specimens shall 
be removed from the molds and stored 
in water until tested. 

Temperature 

5. The temperature fif I’lu mixing 
water, moist closet, and stoi'.'i,‘;e ie.nh 
shall be maintained between fa ;in.l 75 F. 
Capping Specimens 

6. If the specimens are cylindric.nl, 
they shall' be ca]:i,..d hr rare t'w-.ling 
ill such a manner that the c'lds are 
perfectly plane and at rigid anglc.s to 
the axis of the v-g hiidcr. 4’hn mate- 
rial used for capping and the tliickness 
of the cap shall be sudi thai it will n.ot 
flow or fracture under the load. C.'uIjps 
made in suitable rnulds need; n-.t be 
capped and shall lie tesfC'l nt right 
angles to the .'iirccilon (.f nmldi.'i:,:. 

Notk. Il is dcLii.’-aljle llutt ihc cappu!;.' nui- 

lerial have a value hjr /nn'ijiu,; (,f Liasl icity 
equal to or great r th.aii LiaU of tiie mt.-rtar. 
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Standard Method of Test for 
UNIT WEIGHT OF AGGREGATIT 



A.S.T.M. Designation: C 29 - 42 
Adopted, 1921; Revised, 1927, 1939, 1942.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 29; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
procedures for determining the unit 
weight of fine, coarse, or mixed aggre- 
gates. 

Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Balance , — A balance or scale sen- 
sitive to 0.5 per cent of the weight of 
the sample to be w’eighed. 

ih) Tamping Rod . — A straight metal 
rod, I in. in diameter and 24 in. in 
length, with one end tapered for a dis- 
tance of 1 in. to a blunt bullet-shaped 
point. 

(c) Measure . — A metal measure, cylin- 
drical in form and preferably provided 
with handles. It shall be watertight, 
with the top and bottom true and even, 
preferably machined to accurate dimen- 
sions on the inside, and of sufhcient 
rigidity to retain its form under rough 
usage. The | and 1-cu. ft. measures 
sliall be reinforced around the top with a 

> Under the standardisation procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee €-9 on Concrete and Concrete Aggregates. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 192U to 1921. 


No. 10 to No. 12 gage steel band llin. 
in width, 'riie measures rec|uired, de- 
pending upon the maximum size of the 
coarsest particles in the aggregate to be 
tested, shall have capacities of As ? Ij oi' 
1 cu. ft. and shall conform to the fol- 
lowing dimensional recjuirements; 


Capacity, 
cu. ft. 

Inside 

Diameter, 

lieiMlit, 

Thickness 
of Metal, 
U. S. Gage 

Sixe of 
Larcest 
■ Particles 
of Aggre- 
gate, in. 

'A 

6.00 

6 10 

No. in 
to No. 12 

54 



10.00 

11.00 

No. 10 
to No. 12 

m 

1 

14.00 

i 

11.23 

No. 10 
to No. 12 

4 


Calibration of Measure 

3. The measure shall be calibrated by 
accurately determining the weight of 
water at 16.7 C. (62 F.) required to fill it. 
The factor for any unit shall be obtained 
by dividing the unit weight of water at 
16.7 C. (62 F.) (62.355 lb. per cu. ft.) by 
the weight of water at 16.7 C, (62 F.) 
required to fill the measure. 

Sample 

4. The sample of aggregate .shall be 
room dry and thoroughly mixed. 
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Compact Weight Determination 
Rodding Procedure 

5. The rodding procedure is applicable 
to aggregates having a maximum size 
of 2 in. or less. 

(а) The measure shall be filled one- 
third full and the top leveled off with 
the fingers. The mass shall be rodded 
with the tamping rod with 25 strokes, 
evenly distributed over the surface. 
The measure shall be filled two-thirds 
full and again rodded with 25 strokes 
as before. The measure shall then be 
filled to overflowing, rodded 25 times, 
and the surplus aggregate struck off, 
using the tamping rod as a straight edge. 

(б) In rodding the first layer, the rod 
shaE not be permitted to forcibly strike 
the bottom of the measure. In rodding 
the second and final layers, only enough 
force shall be used to cause the tamping 
rod to penetrate the last layer of aggre- 
gate placed in the measure. 

(c) The net weight of the aggregate 
in the measure shaU be determined. 
The unit weight of the aggregate shall 
then be obtained by multiplying the 
net weight of the aggregate by the factor 
found as described in Section 3. 

Jigging Procedure 

6. The jigging procedure is applicable 
to aggregates having a maximum size 
greater than 2 in. and not to exceed 
4 in. 

(a) The measure shaU be filled in three 
approximately equal layers as described 
in Section 5 (a), each layer being com- 
pacted by placing the measure on a firm 
foundation, such as a cement-concrete 
floor, and raising alternate sides of the 
measure about 2 in. from the foundation 
and aUowing it to drop in such a manner 
as to hit with a sharp, slapping blow. 
The aggregate particles, by this pro- 
cedure, wiU arrange themselves in a 


closely compacted condition. Each 
layer shall be compacted by dropping 
the measure 50 times in the manner de- 
scribed, 25 times on each side. The sur- 
face of the aggregate shaU then be leveled 
off with the fingers or a straightedge in 
such a way that any slight projections of 
the larger pieces of. the coarse aggregate 
shaU balance the larger voids in the sur- 
face below the top of the measure. 

{b) The net weight of the aggregate 
in the measure shall be determined. 
The unit weight of the aggregate shall 
then be obtained by multiplying the 
net weight of the aggregate by the factor 
found as described in Section 3. 

Loose Weight Determination 
Shoveling Procedure 

7. (a) The shoveling procedure is ap- 
plicable to aggregates having a maximum 
size of 4 in. or less. The measure shall 
be fiUed to overflowing by means of a 
shovel or scoop, the aggregate being dis- 
charged from a height of not to exceed 2 
in. above the top of the measure. Care 
shall be taken to prevent, so far as pos- 
sible, segregation of the particle sizes of 
which the sample is composed. The 
surface of the aggregate shall then be 
leveled off with the fingers or a straight- 
edge in such a way that any slight pro- 
jections of the larger pieces of the coarse 
aggregate shall balance the larger voids 
in the surface below the top of the meas- 
ure. 

(6) The net weight of the aggregate 
in the measure shall be determined. 
The unit weight of the aggregate shaU 
then be obtained by multiplying the 
net weight of the aggregate by the factor 
found as described in Section 3. 

Reproducibility of Results 

8. Results with the same sample 
should check within 1 per cent. 
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Standard Method of Test for 
VOIDS IN AGGREGATE FOR CONCRETE^ 



A.S.T.M. Designation: C 30 -37 
Adopted, 1922; Revised, 1937.** 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 30; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test outlines the pro- 
cedure for determining voids in aggre- 
gate. 

Percentage of Voids 

2. The voids in aggregate shall be 
determined by the following formula: 

Percentage _ (sp. gr. X 62.355) — Wt. 

of voids ” sp. gr. X 62.355 ^ 

where: 

sp. gr. = the bulk specific gravity of 
the aggregate as deter- 
mined by the appropriate 
method referred to in 
Section 3 (a) or (6), 

62.355 = the weight in pounds of 1 cu. 

ft. of water at the 
standard temperature of 
16.7 C. (62 F.), and 
Wt. = the weight in pounds per 
cubic foot of the aggregate 
as determined by the 
method referred to in 
Section 3 (c). 


■ Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete and Concrete Asgregates. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1920 to 1922. 


Note. — For complete accuracy, “Wt.” 
should be the weight of the air-dried sample 
minus the weight of any contained moisture. 

Methods of Testing 

3. The specific gravity and weight of 
the aggregate shall be determined in 
accordance with the following methods 
of test of the American Society for 
Testing Materials: 

{a) Specific Gravity of Fine Aggre- 
gate —StandsLrd Method of Test for 
Specific Gravity and Absorption of Fine 
Aggregate (A.S.T.M. Designation: C 
128),® Section 5. 

(b) Specific Gravity of Coarse Aggre- 
gate. — Standard Method of Test for 
Specific Gravity and Absorption of 
Coarse Aggregate (A.S.T.M. Designa- 
tion: C 127),® Section 5. 

(c) Unit Weight of Aggregate. — Stand- 
ard Method of Test for Unit Weight of 
Aggregate (A.S.T.M . Designation : C 29) .® 


* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M.. Designations at front of book. 


Standard Definitmt of 

THE TERM SANIT 



A.S.T.M. Designation: C 58 - 28 
Adopted, 192S.“ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 58; the final number indicates the year of originai 


adoption as standard or, in the case 


Sand. — The fine granular material (usually 
less than | in, in diameter) resulting 
from the natural disintegration of rock, 
or from the crushing of friable sandstone 
rocks. 


_ 1 Under the standardization procedure of the Society* 
this definition is under the jurisdiction of the A.S.T.M- 
Committee E-S on NomeneJature and Definitions. 

2 Prior to adoption as standard, this definition was 
puliiishcd as tentative from 1924 to 1928, being revised in 
192S and 1926, 


of revision, the year of last rcvisiofi. 

None. — V/hen u.scd williout a qualjftdng 
adjective, ihc terra sand is gencndly urider- 
, stood to mean the product of tlie natural 
disintegration of silie-cous or c rdcru-co-us r<.ck. 
Sand should be distinguished from screening, s, 
gravel, etc. The size of ]}articic tind other 
physical characteristics sliould be liihcu care 
of in specifications. The fine material result- 
ing from the crushing of lilast-furnace slag 
is known as “slag .sand.” 
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A “toatative revision” of this standard appears in the Teiita- 



Standard Specifications for 
READY-MIXED CONCRETE ^ 



A.S.T.M. Besigaation: G 94 - 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 94; the final nun\ber indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) These specifications cover ready- 
mixed concrete for general use. Re- 
quirements for quality of materials and 
for proportions and qiialit}^ of concrete 
sliall be cither as lierein specified or as 
specified by the purchaser by reference 
to applicaijlc general specifications for 
concrete. Applicable general specifica- 
ions to which reference is made by the 
purchaser sliall be considered a part of 
these specificalioiis. In any case where 
the rec|uiremcnts of such general speci- 
fications are in conilict with these speci- 
fications tlic iCquirementri of the general 
specifications sliall govern unless other- 
wise specified h-y th.e purchaser. 

(/;) Tor tlie purjiose of these specifica- 
tions, ready- mixed concrete is portland- 
cemenl coiwrelc m;.nufactured for de- 
liver}' to a pnrchc.cer in a plastic and 
iinhardened slate and dclrvered in a 
truck ini.ver or a Lruck agitator. 


1 IJiuIer the stand.'irdkation procedure of tlie Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-9 on Concrete and Coacrete 
Agaref?ates. 

- Prior to their present adoption as standard, these 
spedficiitions were published as tentative from 1933 to 
1935. They were adopted in 193.5, published as standard 
from 19.15 to 19-12, beins revised in 1933, but further re- 
viser! and issued as tenUitive in 19-11, revised in 19-12, 1913, 
and 194-1. 


Basis of Furciiase 

2. {a) The basis of purchase shall be 
the cubic yard of plastic and luihardeiied 
concrete as delivered to tlie purchaser. 

(a) The volume of plastic and un- 
bardened concrete in a given batch shall 
be determined in accordance with the 
Standard Method of Test for Weight per 
Cubic Foot, Yield, and Air Content 
(Gravimetric) of Concrete (A.S.T.M. 
Designation; C 138)'^ based on the total 
weight of the batch, determined either 
from the weights of all materials, includ- 
ing water, entering the batch or directly 
from the net weight of the concrete in 
the batch as delivered. 

Materials 

3. (a) In the absence of designated 
applicable specifications covering re- 
ciuireraeiits for quality of materials, the 
following specifications shall govern: 

(i) Portland Cement . — Portland ce- 
ment shall conform to the Standard 
Specifications for Portland Cement 
(A.S.T.M. Designation : C 150)."- The 
purchaser should specify the type re- 
quired, but if no type is specified, the 

3 Appoars in tliis publication, see Contents In Xuiiicric 
Sequence of A.S.T.M. nc.sigiiatioiis at frmit o£ book. 
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requirements of type I as prescribed 
in Specifications C 150 shall apply. 

(2) Aggregates . — Aggregates shall 
conform to the Standard Specifications 
for Concrete Aggregates (A.S.T.M. 
Designation: C 33).^ 

(J) Water . — Water shall be clear 
and free from injurious amounts of 
oil, acid, alkali, organic matter, or 
other deleterious substances. 

(b) Admixtures, if to be used, shall be 
provided for in the contract or in the 
designated applicable specifications for 
concrete. 

Quality of Concrete 
4. In the absence of designated ap- 
plicable general specifications, the pur- 
chaser shall select one of the two follow- 
ing alternate bases for specifying the 
quality of the concrete: 

Alternate No. 1: 

(a) When the purchaser requires the 
manufacturer to assume responsibility 
for the design of the concrete mixture, 
the purchaser shall specify the following: 

(1) Minimum allowable compressive 
or flexural strength as determined 
on samples taken at point of de- 
livery. The basis shall be either 
the compressive strength at 28 
days or the flexural strength at 
14 days (Note). The purchaser 
shall specify the requirements for 
strength in terms of tests of stand- 
ard specimens cured under stand- 
ard laboratory conditions for moist 
curing. The purchaser, in select- 
ing the minimum allowable com- 
pressive or flexural strengtli to be 
specified, shall give consideration 
to requirements for durability, 
surface texture, and density, in 
addition to those for structural 
design. 

(2) Designated size, or sizes, of coarse 
aggregate. 

(5) Maximum and minimum allowable 
slump at point of delivery. 


Note. — ^Table I suggests a basis for the 
selection of minimum allowable compressive 
strengths which, for average normal Portland 
cement, will result in the use of water-cement 
ratios that will produce concrete suitable for 
various types of structures and conditions of 
exposure. A corresponding table of flexural 
strengths is not given because of the wider 
range in values which may be obtained with a 
given water-cement ratio for different materials. 

(5) Prior to the execution of the con- 
tract, the manufacturer shall furnish a 
statement to the purchaser, giving the 
proportions by weight (dry) of cement, 
fine and coarse aggregates which will be 
used in the manufacture of each class of 
concrete ordered by the purchaser. If 
required, he shall also furnish evidence 
satisfactory to the purchaser that the 
proportions selected will produce con- 
crete of the quality specified. 

Alternate No. 2: 

(a) When the purchaser assumes re- 
sponsibility for the design of the concrete 
mixture, he shall specify the following: 

(/) Cement content in bags per cubic 
yard of concrete, or equivalent 
units. 

(2) Designated size, or sizes, of coarse 
aggregate. 

(3) Maximum allowable water con- 
tent in gallons per bag of cement, 
or equivalent units, including sur- 
face moisture, but excluding water 
of absorption, of the aggregates. 

(4) Maximum and minimum allow- 
able slump at point of delivery. 

{b) Prior to the actual delivery of the 
concrete, the manufacturer shall furnish 
a statement to the purchaser giving the 
proportions by weight (dry) of cement, 
fine and coarse aggregates which will be 
used in the manufacture of each class of 
concrete ordered by the purchaser. 
Such proportions shall be subject to the 
approval of the purchaser. 

Range in Slump 

5. When the maximum allowable 
slump is 3 in, or less, the difference be- 
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tween the specified maximum and mini- 
mum slumps shall be 1 in. When the 
maximum allowable slump is greater 
than 3 in., the difference between the 
specified maximum and minimum slumps 
shall be 2 in. 


other materials. When cement is meas- 
ured in bags, no fraction of a bag shall 
be used unless weighed. 

(d) Aggregate shall be measured by 
weight. Batch weights shall be based 
on dry materials and shall be the required 


TABLE I.-COMPRESSIVE STRENGTHS OF CONCRETE SUITABLE FOR VARIOUS CONDITIONS OF 
EXPOSURE. 

Note.— Presented as information only and not a.s a part of the specifications; adapted from Tables 1 and 2 of the 
Report of the Joint Committee on Standard Specifications for Concrete and Reinforced Concrete, June, 1940. 


Compressive Strength, min., psi. at 28 days 


Type or Location of Structure 

Severe or Moderate Climate, 
Wide Range of Temperatures, 
Rain and Long Freezing Spells 
or Frequent Freezing and 
Thawing 

Mild Climate, Rain or Semi- 
Arid, Rarely Snow or Frost 

Thin 

Sections 

Moderate 

Sections 

Heavy and Mass 
Sections 

Thin 

Sections 

Moderate 

Sections 

Heavy and 

Mass Sections 

Rein- 

forced 

Plain 

Rein- 

forced 

Plain 

Rein- 

forced 

Plain 

Rein- 1 
forced 

Flain 

A. At the waterline in hydraulic or waterfront 
structures or portions of such structures where 
complete saturation or intermittent saturation 
is possible, but not where the structure is con- 
tinuously submerged: 

In sea water 

In fresh water 

5000 

4500 

4500 

4000 

4000 

3600 

5000 

4500 

4500 

4000 

4000 

3600 

B. Portions of hydraulic or waterfront structures 
some distance from the waterline, but subject 
to frequent wetting: 

By sea water 

By fresh water 

4500 

4000 

4000 

3600 

4000 

3600 

4500 

4000 

3600 

3200 

3200 

2800 

C. Ordinary exposed structures, buildings and 
portions of bridges not coming under above 
groups 

4000 

3600 

3200 

4000 

3200 

2800 


D. Complete continuous submergence; 

In sea water 

In fresli water 

4000 

3600 

3600 

3200 

3200 

2800 

4000 

3600 

3600 

3200 

3200 

2800 

E. Concrete deposited through water 



4500 

4500 



4500 

4500 

F. Pavement slabs directly on ground: 

Wearing slabs 

Base slabs 

4500 

3600 

4000 

3200 



4000 

3200 

3600 

2800 




peciai cases: 

(a) For concrete exposed to strong sulfate ground waters, or other corrosive liquids or salts, the minimum com- 
pressive strength should be 5000 psi. 

(b) For concrete not exposed to the weather, such as the interior of buildings and portions of structures entirely 
below ground, no exposure hazard is involved and the compressive strength should be selected on the basis 
of tire structural design requirements. 


Measuring Materials 

6. (a) Cement shall be measured by 
weight or, if permitted by the purchaser, 
in bags of 94 lb. each. When cement is 
measured by weight, it shall be weighed 
on a scale separate from those used for 


weights of dry materials plus the total 
weight of moisture (both absorbed and 
surface) contained in the aggregate. 

(c) Water shall be measured by volume 
or by weight. The device for the meas- 
urement of the water shall be readily 
adjustable and, under ail operating con- 
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ditions, shall have an accuracy of 1 per 
cent of the quantity of water required 
for the batch. The device shall be so 
arranged that the measurements will not 
be affected by variable pressures in the 
\\'ater supply line. Measuring tanks 
shall be equipped with outside taps and 
valves to provide for checking their 
calibration unless other means are pro- 
vided for readily and accurately deter- 
mining the amount of water in the tank. 
In the case of truck mixers, if wash 
water is permitted to be used as a portion 
of the mixing water for succeeding 
batches, it shall be accurately measured 
in a separate tank, provided for the 
purpose, and taken into account in deter- 
mining the amount of additional mixing 
water required. 

(d) Powdered admixtures shall be 
measured by weight, and paste or liquid 
admixtures by weight or volume. 

Batching Plant 

7. (a) Unless othervvdse permitted by 
the purchaser, bins with adequate sepa- 
rate compartments for fine aggregates 
and for each required size of coarse aggre- 
gate shall be provided in the batching 
plant. Each comp^artment shall be de- 
signed to discharge efficiently and freely 
into the weighing hopper. Means of 
control shall be provided so that, as the 
quantity desired in the \veighing hopper 
is being approached, the material may 
be added slowly and shut off with pre- 
cision. A port or other opening for 
rcmo\’ing an overload of any one of the 
several materials from the hopper shall 
be provided. I-Iopj)crs shall be con- 
structed so as to eliminate accumulations 
of tare materials and to discharge fully. 

(&) The scales for weighing aggre- 
gates and cement may be either of the 
borizonlal-beani or of the springless-dial 
type. They shall be accurate within 1 
per cent under operating conditions. 
Adequate standard lest weights shall be 


available for checking accurac}^ All 
exposed fulcrums, clevises, and similar 
working parts of scales shall be kept clean. 
When beam-type scales arc me^l, pro- 
vision shall be made for in.dicrding to 
the operator that the required load in 
the weighing hopp^'" is beiiig appnjaehed ; 
the device shall indicate at least the Iasi 
200 lb. of load. All weighing ami indi- 
cating devices shall be in full \-iew of 
the operator wdiilo charging the liopper 
and he shall have con'\-cniciil across to 
all controls. 

Mixers and j^gitators 

8. (o) Mixers may he stationary 
mixers or truck mixers, dnnlators may 
be truck mixers or (rud: agitators. 
Each mixer and agitator shall have at- 
tached thereto in a pTominci.-t pla.ce a 
metal plate on whi-Ji is ifiainly nvirked, 
for the various u.ses for vdiirli tin- equip- 
ment is designed, the capacity of tlie 
drum or container in terms <4 vnlinne of 
mixed concrete and the sc/aedi f'f rota- 
tion of the mixing firum or hhuh'S, 

(h) The mixer whc’o Ic^aoe'l to capacity 
shall be capable of (•{unbitiing the 
ingredients of the emu ret e v, it bin the 
specified time into a 11if>roughly mi.vcfl 
and uniform mass ajid of fiischarging the 
concrete with a satisfactory degree of 
uniformity as i.ndiratcd in Paragra.p’i Of). 

(c) The agilat(,r v.lv.ai l.aded to 
capacity shall Ijc capabk; of jrainlaining 
the mixed concivte in a tborongbly 
mixed and uniforju ma;-s suvd of (hV,~ 
charging the c{)ncrete wl'!^ n sat isfactory 
degree of uniformity as indicaU'd in 
Paragraph (d). 

(d) The purchaser juay, from (line Ic. 
time, make slump tests of iiidividual 
samples taken at appro.dmately Lin, or;c- 
quarter and the three-quarter pc<in!s of 
the load and if the slumps differ Im 
more than 2 in. the mixer fu 

shall not be used unless the ccindition is 
corrected or except as provided in 
Paragraph (e). 
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(e) If the requirements of Paragraph 
(d) are not met by mixers operated at 
the minimum, specified mixing time and 
loaded to capacity, or by agitators when 
loaded to capacity, the equipment may 
still be used when operation with a longer 
mixing time or with a smaller lead will 
permit the requirements of Paragraph 
(d) to be met, 

(/) Mixers and agitators shall be 
examined daily for changes in condition 
due to accuinuiations of hardened con- 
crete or mortar or to wear of blades. 
When, any such change of condition is 
found the tests described in Paragraph 
(d) should be repeated. 

Mixing and Delivery 

9. (a) Ready-mixed concrete sliall be 
mixed and delivered to the point desig- 
nated by the purchaser by means of one 
of the following comliinations of opera- 
tions: 

(7) Mi.'ccd conqiletely in a stationary 
mixer and tlic mixed concrete traiis- 
poried to llsc point of delivery in a 
truck agitator or in a truck mixer 
operating at agitator .speed. (.Knovrii 
as central-mixed concrete.) 

(2) Mixed partially in a stationary 
mixer, and the mixing completed in 
a truck mixer. (Known as shrink- 
mixed concrete.) 

(3) l5,Ji\ecl complete^ in a truck 
mixer. (Known as transit-mixed con- 
crete.) 

(J?) Mi.xors and agitatons shall be oper- 
ated wiil'.in the limits of capacity and 
speed of rntaiim dicsignated by the 
manufaciurcr of the equipment. 

(e) Vv'hen a stationary mixer is used 
for th.e complete mixing of the concrete, 
the mixing time for mixers of 1 cii. yd. 
or less shall not be less than , 1 rain. 
I'or mixers of larirer capacities, this 
minimum shall be increased 15 sec, for. 
end! cubic yard or .fraction thereof 
of additional capacit}-. Mixing time 


shall be measured from the time all 
cemmnt and aggregates are in the drum. 
The batch shall be so charged into the 
mixer that some water will enter in 
advance of cement and aggregate, and 
all water shall be in the clruiT' ijy tlic end 
of the first ouc-fourlh <4 llio spccifcd 
mixing time. 

(7) Wdien a stationary mixer is used 
for partial mixing of the concrete (shrink- 
mixing), the mixing time in the station- 
ary mixer ma}’' be reduced to the mini- 
mum required (aliout 30 sec.) to 
intermingle the ingredients. 

(e) When a truck mixer is used either 
for complete mixing or to finish the 
partial nubdng done in a stationary 
mixer, eacli liatcli of concrete shall be 
mixed not less than 50 nor more than 100 
revolutions of the drum or blades at the 
rate of rotation designated b}'- the manu- 
facturer of the equipment -as mixing 
speed. Additional mixing, if anyq shall 
lie at the speed designated by the manu- 
facturer of the eciinpment as agitating 
speed. 

(/) Wiien a. truck mixer or truck agita- 
tor is used lor transporting concrete 
v.'hicli has been ■ completely mixed in a 
stationary mixer, mixing during transpor- 
taiion shall be at the speed designated 
by the manufacturer of the equipment 
as agitating speed. 

(g) Concrete shall be delivered to the 
site of the work and discharge from the 
truck mixer or aghator shall be com- 
pleted within l.v In*, .after itie intro- 
duction of the mixing water to tlie 
cement and aggregates, or Llie cement 
to the aggregates, unless a longer time is 
specifically autlioriyed by llie purchaser. 
In' hot weather, or under conditions 
contributing to quick stiffening of the 
concrete, a time less than II h.r. may be 
.specified by the purchaser. 

(/i) Concrete delivered in outdoor 
temperatures lower than 40 F. shall 
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arrive at the work having a temperature 
not less than 60 F. nor greater than 
90 F., unless otherwise specified or per- 
mitted by the purchaser. 

Inspection 

10. Proper facilities shall be provided 
for the purchaser to inspect ingredients 
and processes used in the manufacture 
and delivery of the concrete. The 
manufacturer shall afford the inspector 
representing the purchaser all reasonable 
facilities, without charge, for securing 
samples to determine whether the con- 
crete is being furnished in accordance 
with these specifications. All tests and 
inspections shall be so conducted as not 
to interfere unnecessarily with the manu- 
facture and delivery of the concrete. 
Sampling 

11. Samples of concrete shall be ob- 
tained in accordance with the Standard 
Method of Sampling Fresh Concrete 
(A.S.T.M. Designation: C 172),® except 
in the case of individual samples secured 
to determine uniformity of consistency. 
In securing individual samples to deter- 
mine uniformity of consistency as pro- 
vided in Section 8 (d), the A.S.T.M. 
Method C 172 shall be followed, but the 
requirements shall be so modified as to 
permit of obtaining two samples, one at 
the one-quarter point and one at the 
three-quarter point of the load. 

Slump 

12. Slump tests shall be made at the 
option of the purchaser. If the meas- 
ured slump falls outside the limits 
specified, a check test shall be made. 
In the event of a second failure the 
purchaser may refuse to permit the use of 
the load of concrete represented. 
Certification 

13. The purchaser may require the 
manufacturer of the ready-mixed con- 
crete to furnish, with each load, a state- 


ment showing the proportions used in 
making the concrete. In any event, the 
manufacturer shall inform the purchaser 
of any change in proportions. 

Strength 

14. (a) When strength is used as a 
basis for acceptance of concrete made in 
accordance with these specifications, 
standard tests (see Section 17) shall be 
made frequently by the purchaser and, 
in general, not less frequently than one 
strength test for each fifty loads of each 
class of concrete, except that in no case 
shall a given class of concrete be repre- 
sented by less than three tests. 

(b) For a strength test three standard 
test specimens shall be made from a 
composite sample secured as required in 
Section 11. The test result shall be the 
average of the strengths of the three 
specimens, except that, if one specimen 
in a test shows manifest evidence of im- 
proper sampling, molding, or testing, it 
shall be discarded and the remaining two 
strengths averaged. Should more than 
one specimen representing a given test 
show definite defects, the entire test shall 
be discarded. 

(c) The representative of the purchaser 
shall ascertain and record the exact loca- 
tion in the work at which each load 
represented by a strength test is de- 
posited. 

(d) To conform to the requirements of 
these specifications, the average of all 
of the strength tests representing each 
class of concrete as well as the average of 
any five consecutive strength tests rep- 
resenting each class of concrete shall be 
equal to or greater than the specified 
strength and no strength test shall have 
an average value less than 80 per cent of 
the specified strength. 

Alternate Strength Basis 

' 15. The provisions of Section 14 may 
be waived, at the option of the purchaser, 
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if the manufacturer can furnish evidence 
satisfactory to the purchaser that con- 
crete of the proportions and made with 
the materials which he proposes to use 
wnll have the specified strength. 

Failure to Meet Specifications 

16. In the event, that the concrete 
fails to meet the requirements of these 
specifications in any respect, the manu- 
facturer of the read 3 '--mixed concrete and 
the purchaser shall confer to determine if 
agreement can be reached as to what 
adjustment, if any, shall be made. If an 
agreement on a mutually satisfactory 
adjustment cannot be reached by the 
manufacturer and the purchaser, a deci- 
sion shall be made by a panel of three 
qualified engineers, one of whom shall be 
designated by the purchaser, one by the 
manufacturer, and the third chosen by 
these two members of tlie panel. The 
panel shall use such means as it con- 
siders appropriate to determine the 
quality of the concrete, including, if 
deemed advisable by it, chemical analy- 
ses, strength tests of cores cut from the 
structure, and load tests of the finished 
structure. The question of responsibility 
for the cost of such arbitration shall be 
determined by the panel. Its decision 
shall be binding except as modified by a 
court decision. 

Methods of Testing 

17. Methods of testing ready-mixed 
concrete shall be in accordance with the 


following methods of the America 
Society for Testing Materials: 

{a) Slump. — Standard Method of 
Slump Test for Consistency of Portland- 
Cement Concrete (A.S.T.M. Designa- 
tion: C 143). 3 

{b) Compression Test Specimens . — 
Standard Method of Making and Curing 
Concrete Compression and Flexure Test 
Specimens in the Field (A.S.T.M. Desig- 
nation: C 31),® except that Section 7 (c) 
of Method C 31 shall not apply to speci- 
mens used as a basis for acceptance, 

(c) Compression Tests. — Standard 
Method of Test for Compressive Strength 
of Molded Concrete Cylinders (A.S. 
T.M. Designation: C39).® 

(d) Fle.xure Tests. — Standard Method 
of Test for Flexural Strength of Con- 
crete (Laboratory Method Using Simple 
Beam with Third-Point Loading) (A.S. 
T.M. Designation: C 78).® 

(e) Core Tests. — Standard Methods of 
Securing, Preparing, and Testing Speci- 
mens from Hardened Concrete for Com- 
pressive and Flexural Strengths (A.S.T.M. 
Designation : C 42) 

if) Yield. — Standard Method of Test 
for Weight per Cubic Foot, Yield, and 
Air Content (Gravimetric) of Concrete 
(A.S.T.M. Designation: C 138).® 

(g) Cement Content of Hardened Con- 
crete. — Standard Method of Test for 
Cement Content of Hardened Portland- 
Cement Concrete (A.S.T.M, Designa- 
tion: C 85).® 


AMEMCAW AP^^OCIATIOW STATE- 
HIGHWAY OSTJCIALS STAi'lHAim 

. A.A.SJI.O. NO.; C .;!• 


Standard Methods of 

SECURING, PREPARING, AND TESTING SPECIMENS FROM 
HARDENED CONCRETE FOR COMPRESSIVE AND 
FLEXURAL STRENGTHS* 



A.S.T.M. Designation: C 42 - 44 
Adopted, 1927; Revised, 1931, 1939, 1942, 1944.2 

This Standard of the iVnierican Society for Testing Materials Is issued under 
tlie fixed designation C 42; the final number indicates the year of origiruil 
adoption as standard or, in the case of revision, tlie ye.!.’- of iasL revidon. 


Scope 

1. These methods cover the procedure 
for securing, preparing, and testing speci- 
mens of hardened concrete from stiTic- 
tures and pavements. 

Precautions 

2. A specimen to be tested for strength 
shall not be removed from the structure 
until the concrete has become hard 
enough to permit its removal without 
disturbing the bond between the mortar 
and the coarse aggregate. In general, 
the concrete shall be 14 days old before 
the specimens are removed. Sfiecimens 
that show abnormal defects or that liave 
been damaged in removal shall not be 
used. 

Apparatus 

{(i) Core Drill . — A core drill shall 
be used for securing cylindrical core 
specimens. For specimens taken jier- 


d’® s*^iindardwation procedure of the Sodet 
Wiese methods are under the jurisdiction of the .A.S.T.S 
GommiUee C-‘l on Concrete and Concrete Af'gresates. 
■nidi- ™ adoption as standard these methods we 

s. “ailyiSi**'"-'* 


pcndicular to a. iiori^oniafl sin-f 

'.ce, a sh.ot 

drill is salisfaclurv; for speci'.i 

■icMS taken 

perpeiidiculiir to a vtnlical 
diamond drill shall be lau.- !. 

surface, a 

(Jo) SauK~~A saw shv.i; ];<■ 

used for 

securing bcai'ii sj.ici.imcns li-om 

liie strur- 

ture or pavement f<jr ilc.var;; 

1,1 streiiglh 

tests. Tire saw s’lai! have a -• 

damo-tid or 

silicon carbide cutting edge 

and shall 

have adjustmciils th.at will r 

.ci-iiiit cut- 

ting specimePiS wliicli co'fh): 

an io tlie 

dimensions prescrified in hcciiun Ub}. 


Test Specimens 

4. (a) Core SlKoimtUs. - A t -ire sjicci- 
men for the deterjninalitin of ] avement 
thickness shall have ;i iliiin.eter of ;it 
least 4 in. A core stneimeii for f];r de- 
termination of coinpre.isivi; iurc.igth 
shall have a diameter at icasl three iJines 
the maximum nominal ;;i/:e c f the ruarse 
aggregate use* 1 in the conca-ic, tmd i \ no 
case shall the diamicter of I'.ie specimen 
be less than twice the maMimu.in nominal 
size of the coarse aggregale. d l'-'* !i 
of the specimen, when c;i]va'h siiail be 
as nearly as practicable iwico iis 
diameter. 
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{/;) Jk'ujn sped mens.- A beam speci- 
men fot.- Llie (lelenniiiation of flexural 
strength, in general, shall have a cross- 
section of 6 liy 6 in. (Note). The speci- 
men shall be at least 21 in. in. length, 
but when two tests for flexural strength 
are desired for one beam specimen ’ it ■ 
shall be at least 23 in. in length. 

Note. — T u man}' cases,, particularly with 
I)risms cut from pavement slabs, the width will 
be' governed by the size of the coarse aggregate 
and the depth liy the thickness of the slab; 

Procedure 

5. {a) Core Drilling . — A core .speci- 
men taken perpendicular to a hori- 
zontal surface shall be located, when pos- 
sible, so that its axis is perpendicular 
to the bed of the concrete as originally 
placed. A specimen taken 'perpendicu-" 
lar to a vertical surface, or perpendicular 
to a surface with a batter, sliall be taken 
from near the middle of a unit of deposit. 

ih) Slab Rt'inoval.—A sufficiently large 
slaij shall be removed so that tlie desired 
test specimens may be secured witliout 
the inclusion of any^ concrete which has 
been cracked, spalled, undercut, or other- 
wise damaged. 

(r) Hciun Sau lag . — The sawing opera- 
tion sliall be so perfurmed that the con- 
crete will not be \‘,cakened by shock or 
by healing. The sawed surfaces shall be 
smooth, ]5lane, paralie!, and free from 
steps, ridges a!id grooves. Care shall be 
taken in liandling sa wed beam specimens 
to avoid cliipi)ing or cracking. 

Length of Drilled Core Specimens 

6. The lengths of core specimens for 
determining the thicksiess of the pave- 
ment shall be measured as prescribed in 
the Standard hlethod of Measuring 
Length of Drilled Concrete Cores 
(A.S.T.M. Designation: C 17-1).® 


2 i\plJears in this ptiblication, see Contents in Numeric 
Sequence of A.S.T.il. Designations at front of book. 


Compressive Strength 

7, (a) End Freparation.---V.VAC speci- 
mens to be testcfl in compression shail 
have ends that are csseiitiully smooth., 
perpendicular to the axis, and of the 
same diameter , as the hot!}' of the S]-ccl- 
men. The ends of specimci'.s wliich 
have projections of | iii. or n,t>rc; ab'ove 
the normal plane, or wiiichi depn.rt from 
perpendicularity to tire axis by more 
than 5 deg., or whose dic.rnetcr departs 
from the mean by'’ more tliaii I in. shall 
be sawed or tooled until they conform 
to these tolerances, 

(&) Moisture Conditioning. — Test spec- 
imens shall be completely suinnei'ged in 
water at room temj’ferature for •10 to •'IS 
hr, immediately'- jjrior to the compression 
test. Specimens shall Ise tested 
promptly after remorxd fjom water 
storage. During the period, between 
removal from the water storage aiid test- 
ing, the spiccimeiis shall be kcjit moisl by 
covering with a wet burla]) or b-lanket. 
They'- shall be tested in a moist condition. 

(c) Capping.-~ldG'ioxc makhig the cora- 
prression test, the ends of tlie sjuccifnen 
shall be capped or ground. Tlie cr.pped 
or ground surface shall l.-e at right angles 
to the axis of the specimen and sliall not 
depart from a plane by' more Ijian 0.001 
in. Caps sliall be made as tkiin. as p.rac- 
ticable and .shall not ilow or fraciure 
when the specimen is tested. 

Note. — Neat portland or alumina cement and 
suitable mixtures of sulfur with granular ma- 
terials are recognized as suitalde lor capping 
hardened concrete specimens. Sulfur caps 
should be allowed to harden for at least 1. hr. 
before applying load; cement caps for a sulllcient 
period to comph' with the requirements i>i-e- 
scribed in Paragraph (c). 

(fi) Measuremcut.-~Vne.v to Icstir'g, 
the length of the ca-ijic;! spccimc’! si nil 
be measured to the nearest 0.1 In. ai' 1 i,s 
average diameter deLerniine;! tv> Iho no.^.r- 
est 0.1 in. from two measurerneols i iken 
at right angles near tiie cenU-r f.'i Cm 
length. 
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(e) Testing . — Specimens shall be 
tested as prescribed in Section 4 of the 
Standard Method of Test for Compres- 
sive Strength of Molded Concrete Cylin- 
ders (A.S.T.M. Designation: C39),® 

(f) Calculation and Report . — ^The di- 
rection of the application of the load with 
reference to direction of compaction of 
the concrete in the structure shall be 
reported. The compressive strength of 
each specimen shall be calculated in 
pounds per square inch based on the 
average diameter of the specimen. If 
the ratio of length to diameter of a speci- 
men is appreciably less than two, allow- 
ance for the ratio of length to diameter 
shall be made by multiplying the com- 
pressive strength by the applicable cor- 
rection factor given in the following 
table. Values not given in the table 
shall be determined by interpolation: 

Ratio of Length of Strength Correction 
Cylinder to Diameter Factor 

0 

.75 0.98 

l.SO 0.96 

1.25 0.94 

1.10 0.90 

1.00 0.85 

0.75 0.70 

0.50 0.50 


( 


Flexural Strength 

8. {a) Moisture Conditioning . — ^Test 
specimens shall be completely submerged 
in water at room temperature for 40 to 
48 hr. immediately prior to the flexure 
test. Specimens shall be tested 
promptly after removal from water 
storage. During the period between 
removal from the water storage and 
testing, the specimens shall be kept moist 
by covering with a wet burlap or blanket. 
They shall be tested in a moist condi- 
tion. 

(6) Testing . — Specimens shall be 
tested as prescribed in the Standard 
Method of Test for Flexural Strength of 
Concrete (Using Simple Beam with 
Third-Point Loading) (A.S.T.M. Desig- 
nation: C 78).® 

Note. — ^The compressive strengths of por- 
tions of beams broken in tie.xure may be deter- 
mined by testing such portions as modified cubes 
using the procedure prescribed in the Standard 
Method of Test for Compressive Strength of 
Concrete Using Portions of Beams Broken in 
Flexure (Modified Cube Method) (A.S.T.M. 
Designation: C 116 ).^ 


Standard Method of 
SAMPLING FRESH CONCRETE' 



A.S.T.M. Designation: C 172-44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 172; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedure 
for obtaining samples of fresh concrete 
from mixers, hoppers, or transportation 
units. 

Size of Sample 

2. The sample shall be representative 
of the batch. Where feasible, it shall 
consist of portions from different points 
in the batch. The composite sample 
shall consist of not less than 1 cu. ft. 
when the sample is to be used for ac- 
ceptance tests. Smaller samples may be 
permitted for routine slump tests. 

Procedure for Sampling 

3. {a) From Mixers Used in Con- 
struction, Other than Paving or Truck 
Mixers. — The sample shall be obtained 
by passing a receptacle or receptacles 
through the discharge stream of the 
mixer at about the middle of the batch. 
Care shall be taken not to restrict the 
flow from the mixer in such a manner 
as to cause the concrete to segregate. 

{b) From Paving Mixers. — The con- 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates. 

2 Prior to adoption as standard, this method was 
published as tentative from 1942 to 1944. 


tents of the paving mixer shall be 
discharged upon the subgrade and the 
sample shall be collected from a suffi- 
cient number of points in the batch to 
be representative. 

(c) From Revolving Drum Truck 
Mixers or Agitators. — The sample shall 
be taken in three or more regular in- 
crements throughout the discharge of 
the entire batch. To permit sampling, 
the rate of discharge of the batch shall 
be regulated by the rate of revolution 
of the drum and not by the size of the 
gate opening. 

{d) From Open-Top Truck Mixers 
and Agitators sample shall be 
taken directly from the mixer and shall 
consist of portions from not less than 
three points in the batch. 

(e) From Receiving Hoppers, Buck- 
ets, etc. — Samples shall be taken by 
whichever of the procedures described 
in Paragraphs (a), (6), or (c) is most 
applicable under the conditions. 

Mixing Composite Sample 

4. The composite sample shall be 
mixed with a shovel sufficiently to 
insure homogeneity and immediately 
molded into test specimens. 
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Standard Method of Test for 

rE'&;IENT CONTENT OF HARDENED PORTLAND-CEMENT 
CONCRETE^ 



A.S.T.M. Designation: C 85 - 42 
Adopted, 1936; Revised, 1942.® 


This Standard, of the American Society for Testing Materials is issued iincler 
the tked designation C85; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revi.sion. 


Scope 

1. This method of test for determining 
the cement content; of concrete is appli- 
cable to hardened portland-ceraent con- 
cretes except those conlaining certain 
aggregates or admhiures which liberate 
soluble silica tinder the conditions of 
the test, such as slag, diatomites, and 
sodium silicate. 

Reagents 

2. (a) Hydrochloric Acid (approxi- 
mately 3.3 N).—Md 200 ml. of HCl 
(sp. gr. 1 .19) to 600 ml. of distilled water, 

(h) Sodium Hydroxide (approximately 
1 AO •- dissolve '20 g. of NaOhl in 200 
ml. of water and dilute to a volume of 
500 ml. 

t'e) flydrojlnoric Acid (30 per cent). 

(d) Sulfuric Acid (sp. gr. I.S4). 


Under the slaiulurdi'-ation procedure of the Society, 
this r,„.;tirKl is under the jurisdiction of the A..S.T.\]. 
Committee C-‘J on Concrete and Concrete At?pret;ales. 

- Prinr to ailoption as standard, this laetliod was nub- 


Preparation of Sample 

3. Every f)rcca.ution shall lie taken to 
have the sample of concrete used for 
analysis truly represonfatice of the ma- 
terial under coiisidoralion. Several por- 
tions weighing at least 10 lb. each shall 
be taken to avoid all hut slight inequali- 
ties of the concrete mi.v. 'Ihese portions 
shall then be broken up, crushed in a 
suitable machine to about h in. in size, 
and reduced to a fineness of approx- 
imately 150 to 200-irie.Hh in a ball mill, 
disk pulverixer, or other device. Care 
shall be taken that the ihier fractions of 
the broken sample, wh.idi arc rk'her in 
cement, are not disciirdcfl or In.st. After 
thorough inking and (juartering, ;i pen-- 
tion approximating 100 g. sh.all be taken 
and carefully freed, by means of a strong 
magnet, from particles of metcillic iron 
abraded from the pulverizer or hall mill. 
The clean sample then shall be dried 
at 105 C. for at least 2 hr. 

Pro.cedure 

4. (a) Weigh into each of three 250- 
ml. beakers, not le.ss than a 2-g. portion 
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of the prepared sample. Moisten with 
a stream of hot water, while stirring to 
prevent adhesion to the beaker or the for- 
mation of lumps in the mass. Slowly add 
100 ml. of 3.3 N HCl and stir thor- 
oughly. The lumps which tend to form 
should be reduced with the glass rod. 
After the evolution of CO 2 has ceased 
and the reaction is apparently complete, 
heat gently for a few minutes and allow 
the contents of the beaker to settle. 
Decant through an ignited and weighed 
Gooch crucible which contains a mat of 
short asbestos shreds, practically in- 
soluble in HCl, thick enough to be 
opaque to light. Once the filtration has 
begun, care shall be taken so that the 
mat and accumulated residue do not 
dry out completely until the filtration 
process is complete. Regulate the suc- 
tion so as to maintain a rapid rate of 
dropping during the greater part of the 
filtration. Retain as much of the resi- 
due in the beaker as possible. Wash by 
decantation tv/ice with hot water. Add 
75 ml. of 1 N NaOH to the residue while 
stirring and heat to about 75 C. Decant 
as before and wash tv/ice with hot water. 
Transfer the residue to the crucible and 
wash with at least 60 ml. of hot water. 

{h) The filtrate now contains the silica 
in the form of silicic acid either in true 
solution or in suspension in the hydro- 
chloric acid medium. If the aggregates 
of the original sample are largely cal- 
careous or dolomitic, add 10 ml. of HCl 
(sp. gr. 1.19) to the solution. Transfer 
to a suitable beaker, with several rins- 
ings of the filter flask. Evaporate to 
dryness with great care to minimize 
spattering, bake at not over 120 C. for 
1 hr., moisten with HCl, (sp. gr. 1.19), 
evaporate and bake again, and take up 
for filtration in 75 ml. of 2 to 3 N HCl 


heated to boiling. Filter through an 
ashless filter-paper, and wash the residue 
with 50 ml. of hot 1 N HCl and then 
with hot water until the washings are 
free from chlorides. Repeat the evapo- 
ration and filtering processes to recover 
the small amounts of silica dissolved and 
add these to the first residue. Deter- 
mine the silica present in the sample by 
treatment with HF and H 2 SO 4 in 
accordance with the procedure given in 
Section 8 of the Standard Methods of 
Chemical Analysis of Portland Cement 
(A.S.T.M. Designation: C 114) of the 
American Society for Testing Materials.'^ 

Correction Factor 

5. When the aggregates are available 
that w'cre used in the concrete being 
analyzed, a blank test shall ] 3 e run on 
these aggregates to determine their 
content of silica, soluble under the 
conditions of the test '(Section 4). This 
content of solulfie silica shall then be 
used as a correction factor and be sub- 
tracted from the total soluble silica 
found in the concrete, the difference 
being due to the cement contained in the 
specimen. 

Calculation 

6 . The percentage of cement in the ' 
sample shall be calculated by dividing 
the percentage of silica found by the 
factor 0.2175,^ provided it is not known 
that the silica content of the cement 
differs from this value. Wlien possible, 
the known value shall be taken as the 
factor. 


8 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of boo.k,. 

■* For the cotrectnesa of this factor as an average silica 
content of American cements, see Report of Subcommittee 
I on Definitions and Chemical Limitations, of Committee 
C-1 on Cement, Proceedims, Soc. Testing Mats., Vol. 
28, Part I, pp. 23S to 243 (1928) . 
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Standard Method of' 

MAKING AND CURING CONCRETE COMPRESSION AND 
FLEXURE TEST SPECIMENS IN THE FIELD^ 



A.S.T.M. Designation: C 31 - 44 
Adopted, 1921; Revised, 1927, 1931, 1933, 1938, 1939, 1942, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 31; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 


Compression Test Specimens 


1, This method covers the procedure 
for making and curing compression and 
flexure test specimens of concrete sam- 
pled from concrete being used in con- 
struction. 

Note. — For the method of making and 
curing concrete specimens in the laboratory see 
the Tentative Method of Making and Curing 
Concrete Compression and Flexure Test Speci- 
mens in the Laboratory (A.S.T.M. Designation: 
C 192).3 

Sampling of Concrete 

2, Samples of concrete for test speci- 
mens shall be taken in accordance with 
the Standard Method of Sampling Fresh 
Concrete (A.S.T.M. Designation: C 172).® 
The location in the work of the batch of 
concrete thus sampled shall be noted 
for further reference. 


_ 1 Under tlie standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1920 to 1921. 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Size of Specimens 

3, Compression test specimens shall 
be cylindrical with a length equal to 
twice the diameter. ■ Standard cylindri- 
cal specimens shall be 6 in. in diameter by 
12 in. in length if the coarse aggregate 
does not exceed 2 in. in nominal size. 
Smaller test specimens shall have a ratio 
of diameter of specimen to maximum size 
aggregate of not less than 3 to 1, except 
that the diameter of the specimen shall 
not be less than 3 in. for mixtures con- 
taining aggregate more than 5 per cent 
of which is retained on a No. 4 (4760- 
micron) sieve. For concrete containing 
aggregate larger than 2 in., the cylindri- 
cal specimens shall have a diameter at 
least three times the maximum nominal 
size of aggregate. The oversize of any 
nominal size aggregate used shall not 
exceed the requirements prescribed in the 
Standard Specifications for Concrete Ag- 
gregates (A.S.T.M. Designation: C 33),® 

Molds 

4. Molds for compression test speci- 
mens shall be cylindrical in form, made of 
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noEabsorbent material, and shall be sub- 
stantial enough to hold their form during 
the molding of test specimens. They 
shall not vary from the standard diame- 
ter by more than in. nor from the 
standard length by more than I in. 
Metal molds shall each be provided with 
a machined metal base plate and means 
shall be provided for securing the base 
plate to the mold. The assembled mold 
and base plate shall be watertight and 
shall be oiled with mineral oil before use. 
Molds made of material other than metal 
shall be provided with a base plate or 
bottom. Assembled molds of any type 
shall be watertight. 

Note. — Satisfactory molds may be made 
from cold-drawn, seamless steel tubing or from 
steel pipe machined on the inside. These 
tubular sections shall be cut to the proper 
length, split along one element and fitted with 
a circumferential metal band and bolt for clos- 
ing. Satisfactory molds may also be made 
from iron or steel castings. In general, molds 
made from formed sheet metal are not satis- 
factory. Paraffined cardboard molds will give 
good results under expert supervision. 

Molding Specimens 

5. The test specimens shall be formed 
by placing the concrete in the mold in 
three layers of approximately equal 
volume. In placing each scoopful of con- 
crete, the scoop shall be moved around 
the top edge of the mold as the concrete 
slides from it in order to insure a sym- 
metrical distribution of the concrete 
within the mold. The concrete shall be 
further distributed by a circular motion 
of the tamping rod. Each layer shall be 
rodded with 25 strokes of a tamping rod 
I in. in diameter and approximately 24 
in. in length, bullet-shaped at the lower 
end. The strokes shall be distributed 
uniformly over the cross-section of the 
mold and shall penetrate into the under- 
lying layer. The bottom layer shall be 
rodded throughout its depth. After the 
top layer has been rodded, the surface of 


the concrete shall be struck off with a 
trowel and covered with a glass or metal 
plate to prevent evaporation. 

Capping Specimens 

6. {a) If metal molds are used, the 
test specimens may be capped with a thin 
layer of stiff, neat-cement paste after the 
concrete has ceased setthng in the molds, 
generally from 2 to 4 hr. or more after 
molding. The cap shall be formed by 
means of a piece of plate glass not less 
than I in. in thickness or a machined 
metal plate not less than | in. in thick- 
ness and having a minimum surface 
dimension at least 1 in. larger than the 
diameter of the mold. The plate shall 
be worked on the cement paste until its 
lower surface rests on top of the mold. 
The cement for capping shall be mixed to 
a stiff paste 2 to 4 hr. before it is to be 
used in order to avoid the tendency of 
the cap to shrink. Adhesion of the con- 
crete to the top and bottom plates may 
be avoided by coating them with oil or 
grease. 

(6) Specimens not capped with neat- 
cement paste as described in Paragraph 
(a) shall be ground or capped before 
testing. In all cases the capped or 
ground surface shall not depart from a 
plane by more than 0.001 in. and shall 
be at right angles to the axis of the speci- 
men. Caps shall be made as thin as 
practicable and shall not flow or fracture 
when the specimen is tested. 

Note. — ^Neat portland or alumina cement and 
suitable mixtures of sulfur with granular mate- 
rials are recognized as suitable for capping 
hardened concrete specimens. Sulfur caps 
should be allowed to harden for at least 1 hr. 
before applying load; cement caps for a suffi- 
cient period to comply with the requirements 
prescribed in Paragraph (&). 

Curing Specimens 

7. (a) During the first 24 hr. all test 
specimens shall be kept in a storage box 
(Note 1) so constructed and located on the 
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work tliat its air temperatiire when con- 
taining concrete specimens will remain 
within 60 to 80 F. (16 to 27C.), or other 
suitable means shall be used that provide 
similar temperature conditions. 

Note 1. — It is suggested that the storage box 
be made of 1-in. dressed tongue-and-groove 
lumber, well braced with battens to avoid 
warping. The box should be well painted in- 
side and outside and shoidd be provided with 
a hinged cover and padlock.. 

(b) Test specimens made to check the 
adecpiacy of the laboratory design for 
strength of the concrete, or as the basis 
for acceptance, sludl be removed from 
the molds at the end of 24 hr. and stored 
in a moist condition (Note 2) at a tem- 
perature within the range of 65 to 75 F. 
(18 to 24 C.) (Note 3) until the time of 
test. Specimens shall not be exposed to 
a stream of running water. If storage in 
water is desired, a saturated lime solution 
shall be used. 

Note 2. — Moist condition is that in whicli 
free water is maintained on the surfaces of the 
specimens at all times. 

Note 3. — Attention is directed to the fact 
that the temperature within damp sand and 
under wet burlap or similar materials will al- 
ways be lower than the temperature in the 
surrounding atmosphere if evaporation takes 
place. 

(t;) Test specimens for determining 
^v]Ien. a structure may be put into service 
shall be removed from the molds at the 
end of 24- hr. and stored in the structure 
as near to the }.)oint of sami>ling as pos- 
sible and shall receive, in so far as prac- 
ticaljle, the same protection from the ele- 
ments on all surfaces as is given to the 
portions of the structure wliicli tliey 
represent. lucid control specimens shall 
be i)rotccted from injury while on the 
work. For 28-da>' tests the specimens 
shall l3e sent to the laboratory not more 
than 7 days prior to tlie time of test. 
For other periods of test the specimens 
shall be kept in the field at least three 
fourths of the test period. While in the 


laboratory the specimens si a!! be kepi at 
laboratory^ temperature unii! 24 to 48 lir. 
before testing, during whicli fiua.l ] eriorl 
they shall be immersed in. \vaf.er ai labo- 
ratory temperature. 

Flexure Test Specimens 
Size of Specimens 

8. The cross-section of ilic ile.Mire 1e.-d 
specimen shall be 6 by o in. if the coar.se 
aggregate does not cwcee.l 1 in. in 
nominal size. For larger ctiarse aggre- 
gate, the minimum cross-sod ionai dinieii- 
sion shall be not less thaii ilncc times the 
maximum nominal size of ihe coarse ag- 
gregate. The oversize of any nomimd 
size used shall not excee*J llie require- 
ments prescribed in the S Lane lard Siicd- 
fications for . Concrete .-\gg regales 
(A.S.T.M. Designation: C 33).’* 

Molds 

9. Molds for fle.xarc tost sp'ecimens 
shall be rigid and nona’jsorrdivo and 
shall be at least 3 in. longer than the 
reqiured span length as 'prcscrilicd in 
Section 3 of the Siandard Atolhod of 
Test for Flexural Strenglii of Concrete 
(Using Simple Beam with Third- hi anl 
Loading) (A.S.T.M. Designation; C 78).* 
Means shall be prodded for securing d;e 
base plate to the mold. Tim nsscml.-lcd 
mold and Imse plate shall he wa-lenight 
and shall be lightly oiled ^vil]l a mineral 
oil before use. 

Molding Specimens 

10. The test s[)ecimen sluiii be formed 
with its long axis hori.-xjntal. "fhe ccju- 
crete shall be placed in layers approxi- 
mately 3 in. in depth and each layer slniil 
be rodded SO times for each square foot of 
area. The top laymr shall slightly o\-er- 
fill the mold. After each lay'cr is run fled, 
the concrete shall l)e s}>aded iilong the 
sides and en<.ls with a mason's trowel or 
other suitable tool, \\4icn the ro.lding 
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and spading operations are completed, 
the top shall be struck oF with a straight- 
edge and finished with a wood float. 
The test specimen shall be made 
promptly and without interruption. 

Curing Specimens 

li. (a) Test sjiccimens made to check 
the adequacy of She laboratory design for 
strength of tlic concrete, or as the basis 
for acceptance, sliall l)e covered immedi- 
ately after molding with a double layer 
of wet burlajj which s’riall be kept wet 
until the specimens arc removed from the ■ 
molds. D;iring tlic hrst 24 hr. the speci- 
mens slndl be CLircfl under the conditions 
specified in Section 7 (a). At the end of 
the 24-lir. period the specimens shall be 
removed from the molds and stored in a 
moist condition its specified in Section 

7 (b). 


(b) Test specimens for determining 
when a structure ma}^ be put into service, 
shall be cured as nearly as practicable, in 
the same manner as the concrete in the 
structure. At the end of 24 hr. the speci- 
mens shall be taken in the molds to a 
location preferably near a field lahora- 
tory, removed from the molds and stored 
by placing them on the ground as 
molded, v/ith their top surfaces u|). The 
sides and ends of the specimens shall then, 
be lianked with damp earth, or sand 
which shall be kept dam]:.>, leaving the 
top surfaces exposed to the specified 
curing treatment. At the end of the 
curing period (lie specimens si Kill be left 
ill place with the top surfaces exposed to 
the iveather in the same manner as the 
structure. Specimens shall be tested in 
the moist condition resulting from the 
specified curing treatment. 


AMERICAN ASSOCIATION STATE 
mGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: T 22 


Standard Method of Test for 


COMPRESSIVE STRENGTH OF MOLDED CONCRETE 
CYLINDERS^ 


A.S.T.M. Designation: C 39 - 44 
Adopted, 1925; Revised, 1927, 1933, 1939, 1942, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 39; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedure 
for compression tests of molded concrete 
cylinders. 

Note. — For methods of molding concrete 
specimens see the Tentative Method of Making 
and Curing Concrete Compression and Flexure 
Specimens in the Laboratory (A.S.T.M. Desig- 
nation: C 192),® and the Standard Method of 
Making and Curing Concrete Compression and 
Flexure Test Specimens in the Field (A.S.T.M. 
Designation: C 31).® 

Apparatus 

2. The testing machine may be of any 
type of sufficient capacity which will pro- 
vide the rate of loading prescribed in Sec- 
tion 4 (&). It shall conform to the re- 
quirements of Section 27 of the Standard 
Methods of Verification of Testing Ma- 
chines (A.S.T.M. Designation: E4).® 
The testing machine shall be equipped 
with two steel bearing blocks with hard- 
ened faces (Note) one of which is a 
spherically seated block that normally 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee C-9 on Concrete and Concrete Aggregates. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1921 to 1925. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


will bear on the upper surface of the 
specimen, and the other a plain rigid 
block on which the specimen will rest. 
The bearing faces shall be at least as 
large and preferably slightly larger than 
the surface of the specimen to which the 
load is applied. The bearing faces, when 
new, shall not depart from a plane by 
more than 0.0005 in. at any point, and 
they shall be maintained within a permis- 
sible variation limit of 0.001 in. In the 
spherically seated block the diameter of 
the sphere shall not greatly exceed the 
diameter of the specimen and the center 
of the sphere shall coincide with the cen- 
ter of the bearing face. The movable 
portion of this block shall be held closely 
in the spherical seat, but the design shall 
be such that the bearing face can be ro- 
tated freely and tilted through small 
angles in any direction. 

Note. — It is desirable that the bearing faces 
of blocks used for compression testing of con- 
crete have a Rockwell hardness of not less than 

C60. 

Test Specimens 

3. Compression tests of moist cured 
specimens shall be made as soon as prac- 
ticable after removal from the curing 
room. Test specimens, during the pe- 
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riod between their removal from the 
moist room and testing shall be kept 
moist by a wet burlap or blanket cover- 
ing. They shall be tested in a moist 
condition. The diameter of the test 
specimen shall be determined to the near- 
est 0.01 in. by averaging two diameters 
measured at right angles to each other 
near the center of the length of the speci- 
men. This average diameter shall be 
used for calculating the cross-sectional 
area. The length of the specimen in- 
cluding caps shall be measured to the 
nearest 0.1 in. 

Procedure 

4. (a) Placing the Specimen . — The 
plain (lower) bearing block shall be 
placed, with its hardened face up, on the 
table or platen of the testing machine 
directly under the spherically seated (up- 
per) bearing block. The bearing face 
shall be wiped clean and the test speci- 
men placed on it. The axis of the speci- 
men shall be carefully aligned with the 
center of thrust of the spherically seated 
block. As the spherically seated block is 
brought to bear on the specimen its 
movable portion shall be rotated gently 
by hand so that uniform seating is 
obtained, 

{h) Rate of Loading . — The load shall 
be applied continuously and without 
shock. In testing machines of the screw 
type the moving head shall travel at a 
rate of about 0.05 in. per min. when the 
machine is running idle. In hydrauli- 


cally operated machines the load shall be 
applied at a constant rate within the 
range 20 to 50 psi. per sec. During the 
application of the first half of the maxi- 
mum load a higher rate of loading shall 
be permitted. 

(c) The load shall be increased until 
the specimen fails and the maximum load 
carried by the specimen during the test 
shall be recorded. The type of failure 
and the appearance of the concrete shall 
be noted. 

Calculation 

5. The compressive strength of the 
specimen shall be calculated by dividing 
the maximum load carried by the speci- 
men during the test by the average cross- 
sectional area determined as described in 
Section 3, and shall be expressed to the 
nearest 10 psi. 

Report 

6. The report shall include the fol- 
lowing: 

(jf) Identification number, 

{2) Diameter (and length, if not stand- 
ard), in inches, 

(J) Cross-sectional area, in square 
inches, 

(4) Maximum load, in pounds, 

(5) Compressive strength calculated 
to the nearest 10 psi., 

(d) Type of fracture, if other than the 
usual cone, 

(7) Defects in either specimen or caps, 

{8) Age of specimen. 


Standard Method of Test for 

COMPRESSIVE STRENGTH OF CONCRETE USING FOR I iOXS 
OF BEAMS BROKEN IN FL-EXURJU 

MODIFIED CUBE METHOD 



A.S.T.M. Designation: C 116-44 

ADOm’KD, I'Jiu; Revised, 1939, 1942, 1944.* 

This Sland'ird of the Ainci-ican Society for Testing Ithitorials uiaivi 

the fixed dcEignalion C 110; the fmal number indicate:', yea', of uri^inad 
adoption as standard or, in the case of revision, the yeai of i.i.A resi-iMi. 


Scope 

L This rncehcjcJ of lest covers the 
i;>rocedure for deteriuining the com- 
pressive strength of concrete, using for 
the test spcciinens portions of ’oearns 
broken in flexure. 

Note. — For the method of making the 
flexural strength test, see the Standard Method 
of Test fur Flerairal Strength of Concrete (Using 
Simple Beam with 'riiird-Point Loading) 
(A.S.T.hl . Dcsignaliou: C 7S) .•'* 

Test Specinior.s 

2. The broken portions of beams 
select cd for the compression test shall 
have a lengtii not less than 2 in. greater 
than the depth of the beam and shall be 
free frotn cracl'.s, ciiijopcd surfaces, or 
other obvious defects. 

Preparation of Test Specimen 

3. {a) The top and bottom of the beam 


I Under tlie btandnrdiKatkm procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Cemmitti'. C-yon Concrete and Concrete AKKrcKutcs. 

- iTior to adoption as standard, this method was 
piiLlisluiii as tentaUve from l')3S to 1936. 

8 Appears in this publication, see Conlenls in Numeric 
Sequence of x\..S.T..M. Designations at front of book. 


shall be grouw! {.,• cappe.l 

m sui.li a 

m.'UiiKr tlial jdaue .serfi’.e .s ;; 

•e .Secured. 

'bhe caps shall wiver ihe fnli 

i.iili of tile 

beam and sh.all be tif sucli it 

■gth as 10 

permit llie aujusiineiit t.d’ i 

le bearing 

idates for tlic lest so that 

ilu: Lip[)er 

bearing plate may i;e jiUiC' 

d directly 

over the lower bearing j 

date. The 

material used for capping an-' 

.1 i.he lldck- 

ness of the ca[) shut 11 be such 

ib.at it will 

not flow or fracture under tb 

e load. 

Note. — Neat ['.ortUind or aluniii 

1 a cement and 

suitable mi.'-aures of sulfur with <;i 

•anular rnate- 

rials are rceoguixe-:! as suiiitble 
hardened coiK'vele sueeiuv.'iw.. 

for eii})i.iin;:f 
Sulfur cajis 

should la; allowed to lairdcu uir : 
before a{iii!ying load; ceiueru. car 

tl iea.-.t 1 hr. 
■s for a aufli- 

dent ])eviod to eovnjdy ’■..ll'i ibe 
pre.scribed in Paragraj ih ia). 

requireinenls 


ih) During the interval between L'jsl- 
ing of specimens as Ijcams and fesiing 
the ].)rokc*n portions tis cubes, the speci- 
mens shall be kept, rnoisl l>y storage in a 
moist doset or under wel l;urla[>. 
Procedure 

4. (a) Only the ’’''’unite compressive 
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strength shall be determined. The plate shall be placed dirccliy ovtr lise 
specimen shall be tested between ma- lower plate. A device that insures the 
chined metal bearing plates not less proper location of the upju:-r ]4:;tc wiLii 
than I in. in thickness. The diameter reference to the lower plate is shown in 
of the spherical bearing block shall be at pig. 1. The load. shall be applied to dm 



Ckamnce [,. / /\ — 

Guide Supporfs Wekfed 
io Bottom Bearing Flak 


do t tom Bearing Plate 
Width Equals A Plus 
About I Clearance on 


Each Side 


Fig. l.~-Devicc i'or Aligning Bearing Plates. 


least 75 per cent of the depth of the 
beam. 'I'he |;)}atea shall be of such di- 
mensions that the contact faces shall be 


suljstantially square and shall have the 
same dimensions as the nominal width 


bearing blocks by means of an adjustable 
head. 

ip) Application of Load.—Tm Iciid 
shall be applied without shock. The 
moving head of the screw type of testing 
machine shall travel at the rate of about 
0.05 in. per min. when the machine is 
running idle. In hydraulic machines 
the loading shall be adjusted to a con- 
stant rate within the limits of 35 =h IS 
psi. per sec. 

Caiculatioa and Report 

5. The total load indicated by the 
testing machine at failure of the test 
specimen shall be recorded and the unit 
compressive strengtli calculated, in 
pounds per square inch, taking as the 
cross-sectional area the average of the 
upper and lower contact areas. The 
type of failure and appearance of the 


of tlie beam tested. The upper bearing concrete shall be noted. 




AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: T 120-42 


Standard Method of Test for 

FLOW OF PORTLAND-CEMENT CONCRETE BY USE OF THE 
FLOW TABLE* 



A.S.T.M. Designation : C 124 - 39 

Adopted, 1938; Revised, 1939.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 124; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method is intended for deter- 
mining the flow of concrete. 

Apparatus 

2. (a) Moli . — The mold shall be made 
of a smooth metal casting in the form 
of the frustum of a cone with a base 
10 in. in diameter, upper surface 6| in. 
in diameter, and altitude 5 in. ; the base 
and the top shall be open and at right 
angles to the axis of the cone. The 
mold shall be provided with handles. 
(See Fig. 1.) 

(5) Flow Table . — The flow table shall 
conform to the design shown in Fig. 2 
and shall be mounted on and bolted to a 
concrete base having a height of 15 to 
20 in. and weighing not less than 300 lb. 
Sample 

3. Samples of concrete for test speci- 
mens shall be taken at the mixer, or in 
the case of ready-mixed concrete, from 
the transportation vehicle during dis- 
charge. The sample of concrete from 

* Under the standardization procedure of the Society, 
this method is under the jurisdiction df the A.S.T.M. 
Committee C-9 on Concrete and Concrete Aegregates. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1936 to 1938. 


which test specimens are made shall be 
representative of the entire batch . Such 
samples shall be obtained by repeatedly 
passing a scoop or pail through the dis- 
charging stream of concrete, starting the 
sampling operation at the beginning of 
discharge, and repeating the operation 
until the entire batch is discharged. 
The sample thus obtained shall be trans- 
ported to the place of molding of the 
specimen, and to counteract segregation 
the concrete shall be mixed with a shovel 
until it is uniform in appearance. The 
location in the work of the batch of con- 
crete thus sampled shall be noted for 
future reference. In the case of paving 
concrete, samples may be taken from the 
batch immediately after depositing on 
the subgrade. At least five samples 
shall be taken from different portions of 
the pile, and these samples shall be thor- 
oughly mixed to form the test speci- 
men. 

Procedure 

4. Immediately preceding the test, 
the table top shall be wetted and cleaned 
of all gritty material and the excess 
474 
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water removed with a rubber squeegee. 
The mold, centered on the table, shall be 
firmly held in place and filled in two 
layers, each approximately one-half the 
volume of the mold. Each layer shall 
be rodded with 25 strokes of a round, 
nonmetallic rod f in. in diameter and 
24 in. in length, having a bullet-pointed 
end. The strokes shall be distributed in 


of the mold again cleaned. The mold 
shall be immediately removed from the 
concrete by a steady, upward pull. 
The table shall then be raised and 
dropped | in., 15 times in about 15 see. 
The diameter of the spread concrete 
shall be the average of six symmetrically 
distributed caliper measurements read 
to the nearest J in. 




a uniform manner over the cross-section 
of the mold and shall penetrate into the 
underlying layer. The bottom layer 
shall be rodded throughout its depth. 
After the top layer has been rodded, the 
surface of the concrete shall be struck 
off with a trowel so that the mold is 
exactly filled. The excess concrete 
which has overflowed the mold shall be 
removed and the area of the table outside 


Flow 

5. The flow of the concrete shall be 
recorded as the percentage increase in 
diameter of the spread concrete over the 
base diameter of the molded concrete, 
calculated from the following formula: 

^ spread diameter — 10 in. _ , 

nor rpnt =s — i- V Ifin 


AMERICAN ASSOCIATION STATE 
HIGHVVAY OFFICIALS STANDARD 
A.A.S.H.O. HO,: T 119-42 


Standard Method of 

SLUMP TEST FOR CONSISTENCY OF PORTLAND-CEMENT 
CONCRETE! 



A.S.T.M. Designation: C 143 - 39 
Adopted, 1939.“ 


Tliis Standard of the American Society for Testing Materials is issued under 
the fixed designation C 143; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last I'evision. 


Scope 

1. This method of test covers the pro- 
cedure to be used both in the laboratory 
and in the field for determining con- 
sistency of concrete.® 

Apparatus . • ' 

2. The test specimen shall be formed 
in a mold of No, 16 gage galvanized 
metal in the form of the lateral surface 
of the frustrum of a cone with the base 
S in, in diameter, the top 4 in, in diam- 
eter, and the altitude 12 in. The base 
and the top shall be open and parallel 
to each utlicr and at right angles to the 
axis of the cone. The mold shall be 
pu-ovided witli foot pieces and handles 
as sliown in Fig. 1. 

_ ^ Under the standardization procedure of the Society, 
this method is under the jurisdiction of tlie A.S.T.M. 
Comtsiii tee C-9 on Concrete and Concrete Aggregates, 

* Prior to adoption as standard, this method was 
published as tentative from 1922 to 1939, being revised in 
I'Ui, 1932, and 1939. This method was formerly 
published under the jurisdiction of A.S.T.M. Committee 
D-4 on Road and Paving Materials and was designated 
U j 3H: but it was transferred in 1939 to Committee C-9 and 
redesij'iiated C M3, 

» This test is not considered applicable when there is a 
considerable amount of coarse aggregate over 2 in. in size 
in the concrete. The committee is now working on a 
method suitable for determining the consistency of con- 
crete using aggregate over 2 in. in size. 


Sample 

3. Samples of concrete for test speci- 
mens shall be taken at the mixer or, in 
the case of ready-mixed concrete, from 
the transportation vehicle during dis- 
charge. The sample of concrete from 
which test specimens are made shall be 
representative of the entire batch . Such 
samples shall be obtained by repeatedly 
passing a scoop or pail through the dis- 
charging stream of concrete, starting the 
sampling operation at the beginning of 
discharge and repeating the operation 
until the entire batch is discharged. 
The sample thus obtained shall be trans- 
ported to the place of molding of the 
specimen, and to counteract segregation 
the concrete shall be mixed with a shm^el 
until it is uniform in appearance. The 
location in the work of the batch of con- 
crete thus sampled shall be noted for 
future reference. In the case of paving 
concrete, samples may lie taken from 
the batch immediately alter depositing 
on the subgrade. At least five samples 
shall be taken from different portions 
of the pile and these samples shall be 
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thoroughly mixed to form the test specimen during the test, which shall be 
specimen. known as the slump: 


Procedure 

4. The mold shall be dampened and 
placed on a flat, moist, nonabsorbent 
surface. From the sample of concrete 
obtained as described in Section 3, the 
mold shall immediately be filled in three 
layers, each approximately one-third 
the volume of the mold. In placing each 
scoopful of concrete the scoop shall be 
moved around the top edge of the mold 
as the concrete slides from it, in order to 
insure symmetrical distribution of con- 
crete within the mold. Each layer shall 
be rodded with 25 strokes of a f-in. rod, 
24 in. in length, bullet pointed at the 
lower end. The strokes shall be dis- 
tributed in a uniform manner over the 
cross-section of the mold and shall pene- 
trate into the underlying layer. The 
bottom layer shall be rodded throughout 
its depth. After the top layer has been 
rodded, the surface of the concrete shall 
be struck off with a trowel so that the 
mold is exactly filled. The mold shall 
be immediately removed from the con- 
crete by raising it carefully in a vertical 
direction. The slump shall then be 
measured immediately by determining 
the difference between the height of the 
mold and the height at the vertical axis 
of the specimen. 

Slump 

5. The consistency shall be recorded 
in terms of inches of subsidence of the 


Slump = 12 — inches of height after subsidence 


Note. — After the slump measurement is 
completed, the side of the concrete frustrum 



should be tapped gently with the tamping rod. 
The behavior of the concrete under tliis treat- 
ment is a valuable indication of the cohesiveness, 
workability, and placeability of the mix. A 
well proportioned workable mix will gradually 
slump to lower elevations and retain its orig- 
inal identity, while a poor mix will crumble, 
segregate, and fall apart. 



Standard Method of 

MEASURING LENGTH OF DRILLED CONCRETE CORES* 



A.S.T.M. Designation: C 174 - 44 
Adopted, 1944. ^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 174; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedure 
for determining the length of a core 
drilled from a concrete structure, partic- 
ularly from a concrete pavement. 

Apparatus 

2. (a) The apparatus shall be a cal- 
ipering device that will measure the 
length of axial elements of the core. 
While the details of the mechanical 
design are not prescribed, the apparatus 
shall conform to the requirements of 
Paragraphs (6) to {f}? 

(6) The apparatus shall be so de- 
signed that the specimen will be held 
with its axis in a vertical position by 
three symmetrically placed supports 
bearing against the lower end. These 
supports shall be short posts or studs of 
hardened steel, and the 'ends that bear 
against the surface of the specimen shall 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S,T.M. 
Committee C-O on Concrete and Concrete Aggregates. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1942 to 1944. 

*For further information relating to the development 
of this method and apparatus, reference should be made 
to the “Project Report on a Study of Methods of Meas- 
urement of the Length of Cores Drilled from Concrete 
Structures,” prepared by L. W. Teller for Subcommittee 
VII on Methods and Apparatus for Testing Concrete, of 
Committee C-9, see Proceedings, Am. Soc. Testing Mats., 
Vol.42 (1942) . 


be rounded to a radius of not less than 
I in. and not more than | in. 

(c) The apparatus shall provide for 
the accommodation of specimens of 
different nominal lengths over a range of 
at least 4 to 10 in. 

(d) The calipering apparatus shall be 
so designed that it will be possible to 
make a length measurement at the center 
of the upper end of the specimen and at 
eight additional points spaced at equal 
intervals along the circumference of a 
circle whose center point coincides with 
that of the end area of the specimen and 
whose radius shall not exceed the radius 
of the specimen less 1| in. 

(e) The measuring rod or other device 
that makes contact with the end surface 
of the specimen for measurement shall 
be rounded to a radius of in. The 
scale on which the length readings are 
made shall be marked with clear, definite, 
accurately spaced graduations. The 
spacing of the graduations shall be 0.10 
in. or a decimal part thereof. 

(/) The apparatus shall be stable and 
sufficiently rigid to maintain its shape 
and alignment without a distortion or 
deflection of more than 0.01 in. during 
all normal measuring operations. 
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Test Specimens 

3. Cores used as specimens for length 
measurement shall be in every way rep- 
resentative of the concrete in the struc- 
ture from which they are removed. 
The specimen shall be drilled with the 
axis normal to the surface of the struc- 
ture, and the ends shall be free from all 
conditions not typical of the surfaces of 
the structure. Cores that show ab- 
normal defects or that have been dam- 
aged appreciably in the drilling operation 
shall not be used. 

Procedure 

4. (a) Before any measurements of 
the core length are made, the apparatus 
shall be calibrated with suitable gages 
so that errors caused by mechanical im- 
perfections in the apparatus are known. 
When these errors exceed 0.01 in., suit- 
able corrections shall be applied to the 
core length measurements. 

(6) The specimen shall be placed in 
the measuring apparatus with the 
smooth end of the core, that is, the end 
that represents the upper surface of a 
pavement slab or a formed surface in the 
case of other structures, placed down so 
as to bear against the three hardened- 


steel supports. The specimen shall be 
so placed on the supports that the central 
measuring position of the measuring 
apparatus is directly over the mid-point 
of the upper end of the specimen. 

(c) Nine measurements of the length 
shall be made on each specimen, one at 
the central position and one each at 
eight additional positions spaced at equal 
intervals along the circumference of the 
circle of measurement described in Sec- 
tion 2 (d). Each of these nine measure- 
ments shall be read directly to tenths of 
inches and to hundredths of inches either 
directly or by estimation. 

Note— -I f, in the course of the measuring 
operation, it is discovered that at one or more 
of the measuring points the surface of the speci- 
men is not representative of the general plane 
of the core end because of a small projection 
or depression, the specimen shall be rotated 
slightly about its axis and a complete set of nine 
measurements made with the specimen in the 
new position. 

Report 

5. The individual observations shall 
be recorded to the nearest 0.01 in., and 
the average of the nine measurements 
expressed to the nearest 0.05 in. shall be 
reported as the length of the con- 
crete core. 
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Standard Method of Test for 

FLEXURAL STRENGTH OF CONCRETE (USING SIMPLE 
BEAM WITH THIRD-POINT LOADING)' 


A.S.T.M. Designation: C 78 - 44 
Adopted, 1938; Revised, 1939, 1944.2 

This Standard of tlie American Society for Testing Materials is issued under 
the fixed designation C 78; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the pro- 
cedure for determining the flexural 
strength of concrete by the use of a sim- 
ple beam with third-point loading. 

Note. — For methods of molding concrete 
specimens see the Tentative Method of Making 
and Curing Concrete Compression and Flexure 
Test Specimens in the Laboratory (A.S.T.M. 
Designation: C 192) ,2 and the Standard Method 
of Making and Curing Concrete Compression and 
Flexure Test Specimens in the Field (A.S.T.M. 
Designation: C31).2 

Apparatus 

2. The third-point loading method 
shall be used in making flexure tests of 
concrete employing bearing blocks which 
will insure that forces applied to the 
beam will be vertical only and appHed 
without eccentricity. A diagram of an 


_ 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates. 

- Prior to adoption as Standard, this method was pub- 
lished as tentative from 1930 to 193S, being revised in 1936. 

5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 


apparatus which accomplishes this pur- 
pose is shown in Fig. 1. 

Note. — Sometimes nonstandard methods of 
load application are used in the field. If such 
methods are used, the results should be cor- 
related with those obtained with standard 
methods. Apparatus for making flexure tests 
of concrete should be designed to incorporate 
the following principles: 

(1) The distance between supports and points 
of load application should remain constant for 
a given apparatus. 

( 2 ) The load should be applied normal to the 
loaded surface of the beam and in such a manner 
as to avoid eccentricity of lop.ding. 

(J) The direction of the reactions should be 
parallel to the direction of the applied load at 
all times during the test, 

(4) The load should be applied at a uniform 
rate and in such a manner as to avoid shock. 

(5) The ratio of distance between point of 
load application and nearest reaction to the 
depth of the beam should be not less than one. 

The directions of loads and reactions may be 
maintained parallel by judicious use of linkages, 
rocker bearings, and flexure plates. Eccentri- 
city of loading can be avoided by use of spherical 
bearings. 

Test Specimen 

3. The test specimen shall have a span 
as nearly as practicable three times its 
depth as tested. 
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Procedure 

4. The test specimen shall be turned 
on its side with respect to its position as 
molded and centered on the bearing 
blocks. The load-applying blocks shall 
be brought in contact with the upper sur- 
face at the third points between the sup- 
ports. If full contact is not obtained 
between the specimen and the load- 
applying blocks and the supports, due 
to the surfaces of the specimen beuig out 
of plane, the surfaces of the specimen, 
where they are in contact with the blocks 
or supports, shall be ground or capped 
(Note) to produce substantially full con- 
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Fig. 1. — Diagrammatic View of Apparatus for 
Flexure Test of Concrete by Tbird- 
Point Loading Method. 


Measurement of Specimens After Test 

5. Measurements to the nearest 0.1 in. 
shall be made to determine the average 
width and average depth of the specimen 
at the section of failure. 

Calculations 

6. {a) If the fracture occurs within the 
middle third of the span length, the 
modulus of rupture shall be calculated as 
follows; 



where: 

R = modulus of rupture in pounds per 
square inch, 

P = maximum applied load indicated 
by ,the testing machine in pounds, 
I — span length in inches, 
h = average width of specimen in 
inches, and 

d — average depth of specimen in 
inches. 

Note. — ^Weight of the beam is not included 
in the above calculation. 

{h) If the fracture occurs outside of 
the middle third of the span length by 
not more than S per cent of the span 
length, the modulus of rupture shall be 
calculated as follows: 



where: 


tact. The load may be applied rapidly 
up to approximately 50 per cent of the 
breaking load, after which it shall be 
applied at such a rate that the increase 
in extreme fiber stress does not exceed 
ISO psi. per min. 

Note. — Neat portland or alumina cement 
and suitable mixtures of sulfur with granular 
materials are recognized as suitable for capping 
hardened concrete specimens. Sulfur caps 
should be allowed to harden for at least 1 hr. 
before applying load, cement caps for a suflicient 
period to insure their resistance to cracking or 
flowing under the applied load. 


a — distance between line of fracture 
and the nearest support measured 
along the center line of the bottom 
surface of the beam, in inches. 

(c) If the fracture occurs outside of the 
middle third of the span length by more 
than 5 per cent of the span length, the 
results of the test shall be discarded. 

Report 

7. The report shall include the fol- 
lowing: 

(i) Identification number, 
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( 2 ) Average width to the nearest 
0.1 in., 

(J) Average depth to the nearest 
0.1 in., 

( 4 ) Span length in inches, 


(5) Maximum applied load in pounds, 

( 6 ) Modulus of rupture calculated to 
the nearest 5 psi., 

( 7 ) Defects in specimen, and, 

C^’) Age of specimen. 


Standard Method of Test for 
VOLUME CHANGE OF CEMENT MORTAR AND CONCRETEi 



A.S.T.M. Designation: C 157 - 43 
Adopted, 1943.2 

This Standard of the American Society for Testing Materials is issued imder 
the fixed designation C 157 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) This method of test is intended 
to provide a standardized procedure for 
determining the volume changes of 
cement mortar and concrete when a 
fairly simple, routine test is desired. 
It is not offered as a preferred research 
method or with the idea of limiting 
research on volume changes to a single 
restricted procedure. While this method 
is intended primarily for mixtures made 
with Portland cement, it may also be 
used for testing those made with other 
types of cement. 

(6) The terni^ “volume change” is 
intended to apply to changes in dimen- 
sion of the test specimen due to causes 
other than stress. The method is de- 
signed to measure volume changes due 
to chemical change, moisture change or 
similar causes, and it is intended that 
volume changes resulting from variations 
in temperature will be kept negligible. 
Volume change as measured and ex- 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates. 

’ Prior to adoption as standard, this method was pub- 
lished as tentative from 1940 to 1943, being revised in 1943. 


pressed in this method is reported as an 
increase or decrease in a linear dimension 
of the test specimen. 

Apparatus 

2. (a) Molds for Mortar and Concrete 
Specimens . — Molds for casting the pris- 
matic test specimens shall be made of 
metal and so designed that the specimen 
will be cast with its longitudinal axis in a 
horizontal position. The molds shall be 
fitted with metal end plates that provide 
means for holding a stainless steel gage 
point (Note 1) in exact position at the 
center of each end of the specimen during 
the placing and hardening of the cement 
mortar or concrete. Details of a suitable 
mold (designed for mortar specimens) 
are shown in Fig. 1. 

Note 1. — ^Tbe device for bolding tbe contact 
points shall be arranged so that it can be partially 
released after the mixture has been compacted 
into place in order to avoid restraint of the 
contact points during initial shrinkage of the 
specimen. 

fb) Measuring Apparatus . — The ap- 
paratus for measuring volume change 
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shall be of such design as to provide the 
following (Note 2): 

(1) A positive means of contact with 
the specimen that will insure repro- 
ducible measurements of length, 

(2) A high grade dial micrometer or 
other measuring device graduated to 
read in O.OOOl-in. units, and accurate 
within 0.0001 in. in any 0.0010-in. range 
and 0.0002 in. in any O.OlOO-in. range 
(Note 3), 

(3) Sufficient range in the measuring 
device to allow for small variations in 
gage length of various specimens, 


Note 3.— It is recommended that the mi- 
crometer or other measuring device be cali- 
brated throughout its range to determine both 
the periodic and cumulative errors, so that 
proper corrections are applied to the observed 
data. 

Test Specimens 

3, (a) Mortar Specimens . — The test 
specunen for cement mortar shall be a 
prism 2 in. square and 11 in. in length. 

(6) Concrete Specimens . — The test 
specimen for concrete shall be a prism 
3 in. square and 11 in. in length. 

(c) Cojztact or Gage Points.— E&ch test 



Fig. 1. — Mold for Horizontal Casting of Prismatic Cement Mortar Specimens. 


(4) Means for checking the measur- 
ing device against a standard of reference 
at regular intervals, and 

(5) Convenient and rapid measure- 
ment of specimens. 

Note 2. — One type of apparatus that has 
satisfactorily met in service the requirements 
prescribed is shown in Fig. 2. In this apparatus 
the contact surfaces are provided by spherical 
ground ends on the contact points in the speci- 
men and conical recesses in the terminals of the 
instrument 


specimen shall have embedded at each 
end of the longitudinal axis, a stainless 
steel contact or gage point so designed 
as to provide an effective gage length of 
10 ± 0.01 in. 

Molding Specimens 

4. (a) Prior to molding specimens, 
the inside surfaces of the molds shall be 
coated with a thin film of a mineral oil, 
petroleum jelly, or stearic acid paste. 
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Joints in molds may be sealed with hot 
paraffin or a mixture of paraffin and 
rosin. 

(5) All materials shall be proportioned 
by weight. The mixing and molding 
procedure shall follow, as nearly as pos- 
sible, those prescribed in the Standard 
Method of Test for Flexural Strength of 
Concrete (Using Simple Beam with 
Third-Point Loading) (A.S.T.M. Desig- 
nation: C 78).® 

Storage of Specimens 

5. (a) Immediately after molding, the 


program, which are to be used for comparison, 
shall be subjected to identical conditions of 
storage. 

(b) The storage room shall be main- 
tained at a temperature of 70 =h 2 F, 
and a relative humidity of 50 ± 5 
per cent. 

Procedure 

6. The measuring apparatus shall be 
kept in the room in which the specimens 
are stored, and all measurements shall 
be made in the storage room, in order to 
avoid changes in temperature and hu- 



Fig. 2. — Tj'pe of Suitable Apparatus for Measurement of Volume Changes. 


test specunens in the molds shall be 
covered with wet burlap or placed in the 
moist room. After 20 to 24 hr. (Note) 
the specimens shall be removed from the 
molds and placed in the storage room. 

Note. — I n the case of certain slow-hardening 
cements, it may be necessary to allow specimens 
to remain in the mold for more than 24 hr. in 
order to avoid damage during removal from the 
molds. When making tests in which such ce- 
ments are included, the storage schedule may be 
modified but any specimens involved in tlie test 


midity conditions surrounding the test 
specimens during length measurements. 
Report 

7. The report shall include the fol- 
lowing: 

(1) Kind and proportions of materials 
used, 

(2) Method of mixing the cement 
mortar or concrete, 

(J) Method of molding specimens, 

(4) Length of the period of prelimi- 
lary moist curing and other storage 

nnrlitinTis 
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(5) Temperature and relative hu- (7) Volume change data, recorded 

midity of the storage room, as expansion or contraction in inches 

( 6 ) Length of the period of observa- per inch of the gage length of the test 

tion, and specimen. 
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. Standard Method of Test for 

WEIGHT PER CUBIC FOOT, YIELD, AND AIR CONTENT 
(GRAVIMETRIC) OF CONCRETEi 



A.S.T.M. Designation: C 138 - 44 
Adopted, 1939; Revised, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 138; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1 . This method of test covers the pro- 
cedure for determining the weight per 
cubic foot of freshly mixed concrete and 
gives formulas for calculating: the volume 
of concrete produced from a mixture of 
known quantites of the component mate- 
rials; the yield, that is, the volume of 
concrete per unit volume of cement; the 
actual cement factor; and the air content 
of the concrete. 

Note. — T his method of calculating air con- 
tent is of value, particularly, for concrete made 
with air-entraining cement. 

Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Balance . — A balance or scale sen- 
sitive to 0.1 lb. 


1 Under tlie standardization procedure of the Society, 
this method is under the jurisdiction of the A,S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates. 

- Prior to adoption as standard, this method was pub- 
lished as tentative from 1938 to 1939. 


{h) Tamping Rod . — A straight metal 
rod, f in. in diameter and approximately 
24 in. in length with one end tapered for 
a distance of 1 in. to a blunt, bullet- 
shaped end. 

(c) Measure . — ^A cylindrical metal 
measure, preferably provided with 


TABLE I.— DIMENSIONAL REQUIREMENTS FOR 
CYLINDRICAL MEASURES. 


Inside Diameter, 
in. 

Inside Height, 
in- 

Thickness of 
Metal, U. S. Gage 

Maximum 
Nominal 
Size of 
Coarse 
Aggregate 

10.00 

11.00 

No. 10 to No. 12 

Up to 2 in., 
incl. 

14.00 

11.23 

No. 10 to No. 12 

Over 2 in. 


handles. The measure shall be water- 
tight, preferably machined to accurate 
dimensions on the inside. It shall be 
reinforced around the top with a No. 10 
to No. 12 U. S. gage steel band 1| in. in 
width. Dependmg upon the maximum 
nominal size of the coarse aggregate in 
the concrete, the measures required shall 
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have capacities of ^ or 1 cu. ft. and shall 
conform, to the requirements prescribed 
in Table I. 

Calibration of Measure 

3. The measure shall be calibrated by 
accurately determining the weight of 
water at 62 F. (16.7 C.) required to fill 
it (Note). The factor for any measure 
shall be obtained by dividing the unit 
weight of water at 62 F. (16.7 C.), 
namely, 62.4 lb. per cu. ft., by the 
weight (in pounds) of water at 62 F. 
(16.7 C.) required to fill the measure. 

Note. — ^A ccurate filling of the measure may 
be secured by the use of a glass cover plate. 


(c) Tapping.— The exterior surface 
of the measure shall be tapped smartly 
10 to 15 times or until no large bubbles 
of air appear on the surface of the rodded 
layer. 

(d) Strike-of, Cleaning, and W eigUng. 
—After consolidation of the concrete, the 
top surface shall be struck off and 
finished smoothly with a flat cover plate 
using great care to leave the measure 
just level full. All excess concrete shall 
then be cleaned from the exterior and the 
filled measure weighed to the nearest 
0.1 lb. 

Calculations 


Sample 

4. The sample of freshly-mixed con- 
crete shall be obtained in accordance 
with the Standard Method of Sampling 
Fresh Concrete (A.S.T.M. Designation: 
C172).8 

Procedure 

5. {a) Sequence of Operations. — The 
measure shall be filled to one third of its 
capacity and the mass of concrete rodded 
with the number of strokes prescribed 
in Paragraph (&), evenly distributed over 
the cross-section. The measure shall 
then be tapped, and filled to two thirds 
of its capacity, the mass of concrete 
again rodded, the measure tapped as 
before, and finally filled to overflowing, 
rodded and tapped as before. 

(fi) Rodding. — In rodding the first 
layer, the rod shall not strike forcibly the 
bottom of the measure. In rodding the 
second and final layers, only enough force 
shall be used to cause the rod to pene- 
trate the surface of the previous layer. 
When the -|-cu. ft. measure is used, each 
layer shall be rodded with 25 strokes, 
and when the 1-cu. ft. measure is used 
each layer shall be rodded with 50 
strokes. 


s Appears in tliis publication, see 
Sequence of A.S.T.M. Designations 


Contents in Numeric 
at front of book. _ 


6. (a) Weight per Cubic Foot.— The net 
weight of the concrete shall be calculated 
by subtracting the weight of the meas- 
ure from the gross weight. The weight 
per cubic foot shall be calculated by 
multiplying the net weight by the factor 
for the measure used, determined as de- 
scribed in Section 3. 

(b) Volume of Concrete. — The volume 
of concrete produced per batch shall be 
calculated as follows: 

^ (AT X 94) -{- Wf -1- Wc 4- TFa. 
where: 

S = volume of concrete produced per 
batch, in cubic feet, 

N — number of bags of cement in the 
batch, 

94 = net weight of a bag of cement, in 
pounds, 

Wf ~ total weight of fine aggregate 
in batch in condition used, in 
pounds, 

Wc — total weight of coarse aggregate 
in batch in condition used, in 
pounds, 

Wv, == total weight of mixing water 
added to batch, in pounds, and 
W = weight of concrete, in pounds per 
cubic foot. 
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(c) Yield . — The yield shall be calcu- 
lated as follows: 



where: 

Y = yield of concrete produced per 94 
pound bag of cement, in cubic 
feet, 

S = volume of concrete produced per 
batch, in cubic feet, and 
N = number of bags of cement in the 
batch. 

(d) Cement Factor . — The “actual” ce- 
ment factor shall be calculated as follows: 


where: 

A = air content (percentage of voids) 
in the concrete, 

T = theoretical weight of the concrete, 
in pounds per cubic foot, com- 
puted on an air-free basis (Note), 
W == weight of concrete, in pounds per 
cubic foot, 

6* = volume of concrete produced per 
batch, in cubic feet, and 
V — total absolute volume of the com- 
ponent ingredients in the batch, 
in cubic feet. 

Note. — The theoretical weight per cubic 
foot is, customarily, a laboratory determination, 
the value for which is assumed to remain con- 
stant for all batches made, using identical 
component ingredients and proportions. It is 
calculated from the formula: 


Ni = number of bags of cement per 
cubic yard of concrete pro- 
duced (actual cement factor) 
Y — yield of concrete produced per 94 
pound bag of cement, in cubic 
feet, 

N = number of bags of cement in the 
batch, and 

S = volume of concrete produced per 
batch, in cubic feet, 

(e) Air Content . — The air content 
shall be calculated as follows: 


T - W 

A = -j— X 100 


or by the formula 


5 - F 

A = -j- X 100 


T 


Wi 

V 


where: 

T = theoretical weight of the concrete, in 
pounds per cubic foot, computed on 
an air-free basis, 

Wi = total weight of the component ingredi- 
ents in the batch, in pounds, and 
V ~ total absolute volume of the component 
ingredients in the batch, in cubic feet. 
The absolute volume of each ingredient is 
equal to the quotient of the w'eight of that in- 
gredient divided by the product of its specific 
gravity times 62,4. For the aggregate com- 
ponents, the bulk specific gravity and weight 
should be based on the saturated, surface-dry 
condition. For the cement, a value of 3.15 
may be used unless the actual specific gravity 
is determined by the Standard Method of Test 
for Specific Gravity of Hydraulic Cement 
(A.S.T.M. Designation: C 188) 



Standard Definitions of 


TERMS RELATING TO "CONCRETE AND CONCRETE 
AGGREGATES^ 



A.S.T.M. Designation; C 125 - 44 
Adopted, 1939; Revised, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 125; the fiinal number indicates the year of original 
adoption as standard or, in the cas; of revision, the year of last revision. 


Admixture.— In the case of concrete, a 
material other than cement, water and 
aggregate, mixed or to be mixed into con- 
crete, or to any of the ingredients thereof. 

Blast-Furnace Slag. — The nonmetallic prod- 
uct consisting essentially of silicates and 
alumino-silicates of lime, and of other 
bases, which is developed simultaneously 
with iron in a blast furnace. 

Crushed Gravel.— The product resulting 
from the artificial crushing of gravel 
with substantially all fragments having 
at least one face resulting from fracture. 

Crushed Stone. — ^The product resulting from 
the artificial crushing of rocks, boulders 
or large cobblestones, substantially all 
faces of which have resulted from the 
crushing operation. 

Elongated Piece. — In the case of concrete 
aggregate, one in which the ratio of the 
length to width of its circumscribing rec- 
tangular prism is greater than a specified 
value. 

Fineness Modulus.— In the case of aggre- 


1 Tinder the standardization procedure oi the Society, 
these definitions are under the jurisdiction of the A.S.T.M. 
Committee C..9 on Concrete and Concrete Aggregates. 

s Prior to adoption as standard, these definitions were 
published as tentative from 1936 to 1939, 


gate for concrete, an empirical factor ob- 
tained by adding the total percentages of 
a sample of the aggregate retained on each 
of a specified series of sieves, and dividing 
the sum by 100. 

Note. — ^The sieve sizes used are No. 100 
(149-micron), No. 50 (297-micron), No. 30 (590- 
micron), No. 16 (1190-micron), No. 8 (2380- 
micron), and No. 4 (4760-micron) and § in., f in., 
in., and larger, increasing in the ratio of 
2 to 1. 

Flat Piece. — In the case of concrete aggre- 
gate, one in which the ratio of the width 
to thickness of its circumscribing rectan- 
gular prism is greater than a specified 
value. 

Gravel. — ^The coarse granular material, larger 
than sand, resulting from the natural ero- 
sion of rock. 

Water-Cement Ratio. — ^The ratio of the 
amount of water, exclusive only of that 
absorbed by the aggregates, to the 
amount of cement in a concrete mixture. 
This ratio is variously stated as follows; 
(1) by bulb volume of cement (assuming 
cement to weigh 94 lb. per cu. ft.); (2) 
by absolute volume of cement; (3) by 
weight; and (4) in terms of gallons of 
water per 94 lb. sack of cement. 
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Standard Specifications for 
SODIUM SILICATE FOR CURING CONCRETE^ 



A.S.T.M. Designation: C 111 - 36 
Adopted, 19363 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation C 111; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover sodium 
silicate suitable for application to the 
surface of concrete for the purpose of 
preventing moisture loss during curing. 

Properties and Tests 

2. (o) The sodium silicate shall have a 
density of not less than 42.25° Baume 
at 60 F. (15.5 C.). 

(f>) The ratio of sodium oxide, Na20, 
to silica, Si 02 , shall be 1 Na 20 to not less 
than 3.2 Si 02 . 

Packing and Marking 

3. The sodium silicate shall be de- 
livered on the job in containers of suit- 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-9 on Concrete and Concrete 
Aggregates. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1934 to 1936. Editorially 
revised and rearranged in 1939. 


able size and of a type which will not 
cause any deterioration of the product 
prior to its application to the concrete. 
The name of the manufacturer, the 
actual net weight, and the manufac- 
turer’s grade designation shall be plainly 
marked on each container. 

Inspection and Sampling 

4. Sodium silicate may be sampled for 
purpose of tests either at the .plant prior 
to delivery or on the site of the work, at 
the option of the purchaser. At least 
one sample from each 500 gal. shall be 
taken to determine compliance with 
these specifications. 

Rejection 

5. The sodium silicate shall be re- 
jected if it fails to meet any of the 
requirements of these specifications. 
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Standard Specifications for 

CRUSHED STONE AND CRUSHED SLAG FOR BITUMINOUS 
MACADAM BASE AND SURFACE COURSES 
OF PAVEMENTS' 



A.S.T.M. Designation: D 693 -44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 693; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the qual- 
ity and grading of crushed stone and 
crushed slag suitable for use in the con- 
struction of bituminous macadam base 
and surface courses of pavements. 

Basis of Purchase 

2. In adapting these specifications to 
any particular locality or project, the 
type or types of aggregate (crushed 
stone or crushed slag) to be supplied 
shall be specified. 

General Characteristics 

3. {a) Crushed Stone . — The crushed 
stone shall consist of clean, tough, 
durable fragments free of an excess of 
thin or elongated pieces, and reasonably 
free of soft or disintegrated pieces, stone 
coated with dirt, or other objectionable 
matter. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-i on Road and Paving Materials. 

s Prior to adoption as standard, these specifications 
were published as tentative from 1942 to 1944, being re- 
vised in 1944. _ 

These specifications are in effect a revision and con- 
solidation of, and replace the former Tentative Specifica- 
tions for Crushed Stone for Bituminous Macadam Base 
and Surface Courses (D 192 - 41 T) and for Crushed Stag 
for Bituminous Macadam Base and Surface Courses 
{D 487 - 42 T), which specifications were accordingly dis- 
continued in 1942, 


(&) Crushed Slag . — The crushed slag 
shall be air-cooled blast-furnace slag and 
shall consist of fragments reasonably 
uniform in density and ciuality and 
reasonably free of thin or elongated 
pieces, dirt, or other objectionable 
matter. 

Physical Properties 

4. (a) Wear . — The aggregates shall 
conform to the following requirements 
for resistance to wear: 

Aggregate Aggregate 
for Use in for Use in 
Base Courses Surface Courses 

Wear, Los Angeles abra- 
sion machine, max., 
percent 50 40 

(&) Unit Weight of Slag . — Crushed 
slag shall conform to the following 
requirements for unit weight, compacted: 

Crushed Slag Crushed Slag 
for Use in for Use in 
Base Courses Surface Courses 
Weight per cubic foot, 
compacted, min., lb.. . . 65 70 

Note. — ^The requirements for physical prop- 
erties of aggregates incorporated in these speci- 
fications are recommended as the minimum 
requirements for quality. It is not expected, 
however, that these limits for quality will be 
applicable to all localities and conditions, 
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Sizes 

5. The sizes of aggregates for the 
various uses shall conform to the 
following requirements (Note): 


Penetration course. 


Choke 


Siae Number 


Seal coat. 


Note. — Sizes have been selected from the 
Tentative Specifications for Standard Sizes of 
Coarse Aggregate for Highrvay Construction 
(A.S.T.M. Designation: D448).* An appro- 
priate size should be selected for each use, de- 
pending on thickness of the base or surface 
course, quality of the aggregate, and on other 
local construction and service conditions. 

For the harder aggregates, any of the sizes 
specified for penetration course aggregate may 
be appropriate, depending upon characteristics 
of the construction. For softer aggregates 
which tend to break down under the roller, the 
larger sizes should be used. The line of demar- 
cation between harder and softer aggregates 
may be fixed conveniently by selection of limit- 
ing percentages of wear, Los Angeles machine, 
depending on characteristics of aggregates 
available in each locality. 

The size of choke aggregate best suited for 
the work depends upon the size of surface 
voides in the penetration course and on fluidity 
of the bituminous binder. The more fluid 
binders require a densely graded choke aggre- 
gate (sizes 67 or 78), while the open gradations 
of aggregate are more suitable for the more 


» Appears in this publication, see Contents in Numeric 
Sequence o£ A.S.T.M. Designations at front of book. 


viscous hot-application binders. The following 
combinations of size numbers are suggested: 


Size of Penetration 
Course Aggregate 

I Size of Choke Aggregate 

Viscous 

Binders 

Fluid 

Binders 

1 

5 

67 

2 

5 or 6 

67 or 78 

3 

6 or 7 

78 


The size of seal-coat aggregate depends upon 
the type of surface desired. 


Sieve Analysis 

6. The several sizes of aggregates, 
when tested by means of laboratory 
sieves having square openings, shall 
conform to the requirements shown in 
Table I. 

Methods of Sampling and Testing 

7. The, aggregates shall be sampled 
and the properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 

(a) Sampling . — Tentative Methods of 
Sampling Stone, Slag, Gravel, Sand, and 
Stone Block for Use as Highway Mate- 
rials (A.S.T.M. Designation; D 75).’’ 

{h) Wear . — Standard Method of Test 
for Abrasion of Coarse Aggregate by Use 
of the Los Angeles Machine (A.S.T.M. 
Designation: C 131).® 

(c) Weight per Cubic Foot . — Standard 
Method of Test for Unit Weight of Ag- 
gregate (A.S.T.M. Designation: C 29).® 

(d) Sieve Analysis . — Standard Method 
of Test for Sieve Analysis of Fine a.nd 
Coarse Aggregates (A.S.T.M. Designa- 
tion: C 136).® 



Standard Specifications for 


CRUSHED STONE, CRUSHED SLAG, AND GRAVEL FOR 
WATER-BOUND MACADAM BASE AND SURFACE 
COURSES OF PAVEMENTS' 


A.S.T.M. Designation; D 694 - 44 
Adopted, 1944.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 694; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the qual- 
ity and grading of crushed stone, crushed 
slag, and gravel suitable for use in the 
construction of w'ater-bound macadam 
base and surface courses of pavements. 

Basis of Purchase 

2. In adapting these specifications to 
any particular locality or project, the 
type or types of aggregate (crushed 
stone, crushed slag, or gravel) to be 
supplied shall be specified. 

General Characteristics 

3. {a) Crushed Stone . — ^The crushed 
stone shall consist of clean, tough, 
durable fragments free of an excess of 
thin or elongated pieces, and reasonably 
free of soft or disintegrated pieces, 
dirt, or other objectionable matter. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1942 to 1944. 

These specifications are in efiect a revision and con- 
solidation of, and replace the former Tentative Specifica- 
tions for Crushed Slag for Water-Bound Base and Surface 
Courses Q 488-38 T) and for Crushed Stone for Water- 
Bound Base and Surface Courses (D 489- 40 T), which speci- 
fications were accordingly discontinued in 1942. 


(&) Crushed Slag . — ^The crushed slag 
shall be air-cooled blast-furnace slag and 
shall consist of fragments reasonably 
uniform in density and quality and 
reasonably free of thin or elongated 
pieces, dirt, or other objectionable 
matter. 

(c) Gravel . — ^The gravel shall consist 
of clean, tough, durable pieces free of an 
excess of thin or elongated pieces, and 
reasonably free of soft or disintegrated 
pieces, dirt, or other objectionable matter. 
The gravel shall be crushed and un- 
crushed, as specified in Section S(&). 
Crushed gravel shall consist of fragments 
having two or more fractured surfaces. 

{d) Screenings . — ^The screenings shall 
have a suitable binding quality. 

Physical Properties 

4. {a) Wear . — The aggregates shall 
conform to the following requirements 
for resistance to wear: 

Aggregate Aggregate 
for Use in for Use in 
Base Courses Surface Courses 
Wear, Los Angeles abra- 
sion machhie, max., 
percent... 60 40 
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(b) Unit Weight of Slag. — Crushed 
slag shall conform to the following 
requirements for unit weight, compacted: 

Crushed Slag Crushed Slag 
for Use in for Use in 
Base Courses Surface Courses 

Weight per cubic foot, 
compacted, min., lb. . . 65 70 

Note. — ^The requirements for physical 
properties of aggregates incorporated in these 
specifications are recommended as the mini- 
mum requirements for quality. It is not ex- 
pected, however, that these limits for quality 
will be applicable to all localities and 
conditions. 


(b) Crushed Pieces in Gravel. — Gravel 
shall contain not less than 75 per cent 
by weight of crushed pieces. 

Sieve Analysis 

6. The several sizes of aggregates, 
when tested by means of laboratory 
sieves having square openings, shall 
conform to the requirements shown in 
Table I. 

Methods of Sampling and Testing 

7. The aggregates shall be sampled 
and the properties enumerated in these 
specifications shall be determined in 


TABLE I.-GRADING REQUIREMENTS. 



Nominal Size 
(Sieves with 
Square 
Openings) 

Amounts Finer than Each Laboratory Sieve (Square Openings), per cent by weight 

Num- 

ber 

4 

in. 

3i in. 

3 

21 in. 

2 in. 

li in. 

1 in. 

5 in. 

i in. 

in. 

No. 4 
(4760- 
raicron) 

No. 100 
(149- 
micron) 

1 

2 

3 

10 

3i to li in 

2| to li in 

2 to 1 in 

No.4to0 

100 

90 to 100 

ioo 

25 to 60 
90 to 100 
100 

35 to 70 
90 to 100 

0tol5 
0tol5 
35 to 70 

Oto'lS 

0 to 5 
OtoS 

joto's 

ioo 

85 to 100 

1 10 Vo .10 


Sizes 

5. (o) The sizes of aggregates for the 
various uses shall conform to the follow- 
ing requirements (Note): 

Size Number 



Screenings 10 

Note.— An appropriate size should be 
selected for each use, depending on local con- 
struction and service conditions. Sizes have 
been selected from the Tentative Specifications 
for Standard Sizes of Coarse Aggregate for 
Highway Construction (A.S.T.M. Designation: 
D 448) of the American Society for Testing 
Materials.® 


» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


accordance with the following methods 
of the American Society for Testing 
Materials: 

(a) Sampling. — Tentative Methods of 
Sampling Stone, Slag, Gravel, Sand, 
and Stone Block for Use as Highway 
Materials (A.S.T.M. Designation: D 75).® 

{b) Wear. — Standard Method of Test 
for Abrasion of Coarse Aggregate by 
Use of the Los Angeles Machine (A.S- 
T.M. Designation: C 131).® 

(c) Weight per Cvibic Foot. — Standard 
Method of Test for Unit Weight of 
Aggregate (A.S.T.M. Designation: C 29).® 

(d) Sieve Analysis. — Standard Method 
of Test for Sieve Analysis of Fine and 
Coarse Aggregates (A.S.T.M. Designa- 
tion: C 136).® 



Standard Specifications for 
GRANITE BLOCK FOR PAVEMENTS' 



A.S.T.M. Designation: D 59 - 39 
Adopted, 1922; Revised, 1926, 1939." 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 59; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover granite 
block for pavements. 

Material 

2. The blocks shall be of granite of 
medium-size grain, showing an even 
distribution of constituent minerals. 
They shall be of uniform quality and 
texture throughout, and free from seams 
or disintegrated materials. 

Physical Properties 

3. The average of three tests on 
sample blocks shall conform to the 
following requirements as to physical 
properties: 

FOR HEAVY TRAFFIC 

Percentage of wear not more than 3.6 

(or French coeiBcient of wear not less than 11) 

Toughness not less than 9 

FOR MODERATELY HEAVY TRAFFIC 

Percentage of wear not more than S.O 

(or French coefficient of wear not less than S) 

Toughness not less than 7 

Methods of Testing 

4. The properties enumerated in Sec- 
tion 3 shall be determined in accordance 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

= Prior to adoption as standard, these specifications 
were published as tentative from 1919 to 1922, being 
revised in 1922. 


with the following methods of the 
American Society for Testing Materials: 

(e) Percentage of Wear and French 
Coefficient of Wear . — Standard Method 
of Test for Abrasion of Rock by Use of 
the Deval Machine (A.S.T.M. Designa- 
tion: D«2),3 except that the sample 
shall be prepared by use of a press and 
the fragments shall be as uniform and as 
nearly cubical as practicable. 

(&) Toughness . — Standard Method of 
Test for Toughness of Rock (A.S.T.M. 
Designation: D 3).® 

Dimensions 

5. The blocks shall conform to the 
following requirements as to dimensions: 

Length on top, in 8 to 12 

Width on top, in 3| to 4| or 4| to 5| 

Depth, in 4f to S| 

Dressing 

6. (a) The blocks shall be so dressed 
that the faces will be approximately 
rectangular in shape, and the ends and 
sides sufficiently smooth to permit the 
blocks to be laid with Joints not ex- 
ceeding I in. in width at the top, and for 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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1 in. downward therefrom, and not 
exceeding 1 in. in width at any other 
part of the joint. 

(b) The wearing surface of the blocks 
shall show no depressions more than 
I in. in depth, and the edges and corners 
shall be unchipped and unbroken. 

Inspection 

7. At least six blocks shall be selected 
for physical tests by the engineer or his 
authorized representative, subsequent 
to delivery at the place of use, so as to 


fairly represent actual deliveries. No 
sample shall include blocks that would 
be rejected by a visual examination. 
The bedding plane shall be marked on 
at least two of the blocks selected. 

Rejection 

8. All deliveries shall be subjected to 
further inspection at the place of use, 
prior to and during laying. All blocks 
which fail to conform to the require- 
ments of Sections 2, 5, and 6 shall be 
rejected. 



Standard Specifications fior 
RECUT GRANITE BLOCK FOR PAVEMENTS^ 



A.S.T.M. Designation: D 131 - 39 
Adopted, 1923,* Revised, 1939® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 131; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover recut 
granite block for pavements. 

Material 

2. The blocks shall be of granite of 
medium-size grain, showing an even 
distribution of constituent minerals. 
They shall be of uniform quality and 
texture throughout, and free from seams 
or disintegrated materials. 

Physical Properties 

3. The average of three tests on 
sample blocks shall conform to the 
following requirements as to physical 
properties: 


Percentage of wear not more than S 

(or French coefficient of wear not less than 8) 

Toughness. not less than 7 


Methods of Testing 

4. The properties enumerated in Sec- 
tion 3 shall be determined in accordance 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

s Prior to adoption as standard, these specifications 
were published as tentative from 1922 to 1923, being 
revised in 1923. 


with the following methods of the 
American Society for Testing Materials; 

{a) Percentage of Wear and French 
Coefficient of Wear . — Standard Method 
of Test for Abrasion of Rock by Use of 
the Deval Machine (A.S.T.M. Designa- 
tion: D 2)f except that the sample shall 
be prepared by use of a press and the 
fragments shall be as uniform and as 
nearly cubical as practicable. 

(d) Toughness . — Standard Method of 
Test for Toughness of Rock (A.S.T.M. 
Designation: D 3).^ 

Dimensions 

5. The blocks shall conform to the 
following requirements as to dimensions: 


Length on top, in 6 to 12 

Width on top, in 3| to 4| 

Depth, in 4f to Sf* 


“The depth may be varied by the engineer between 
4 and S in., depth of blocks to suit the old material, pro- 
vided that the blocks used on one contract shall vary not 
more than J in, above or below the depth specified. 

Dressing 

6. {a) The blocks shall be so dressed 
that the faces will be approximately 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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rectangular in shape, and the ends and 
sides sufficiently smooth to permit the 
blocks to be laid with joints not ex- 
ceeding I in. in width at the top, and for 
1 in. downward therefrom, and not 
exceeding 1 in. in width at any other 
part of the joint. 

(i) The wearing surface of the blocks 
shall show no depressions more than 
I in. in depth, and the edges and corners 
shall be unchipped and unbroken. 

Inspection 

7. At least eight blocks shall be 
selected for physical tests by the engineer 
or his authorized representative, subse- 


quent to delivery at the place of use, so 
as to fairly represent actual deliveries. 
No sample shall include blocks that 
would be rejected by a visual examina- 
tion. The bedding plane shall be 
marked on at least two of the blocks 
selected. 

Rejection 

8. All deliveries shall be subjected to 
further inspection at the place of use, 
prior to and during laying. All blocks 
which fail to conform to the require- 
ments of Sections 2, 5, and 6 shall be 
rejected. 



Standard Specifications for 
GRANITE BLOCK FOR DURAX PAVEMENTS' 



A.S.T.M. Designation: D 132 -39 
Adopted, 1923; Revised, 1939.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 132; the final number indicates the year of original 
adoption as standard or, in the case of revision, tlie year of last revision. 


Scope 

1. These specifications cover granite 
block for Durax pavements. 

Material 

2. The blocks shall be of granite of 
medium-size grain, showing an even 
distribution of constituent minerals. 
They shall be of uniform quality and 
texture throughout, and free from seams 
or disintegrated materials. 

Physical Properties 

3. The average of three tests on 
sample blocks shall conform to the 
following requirements as to physical 
properties: 


Percentage of v/ear not more than S 

(or French coefficient of wear not less than 8) 

Toughness not less than 7 


Methods of Testing 

4. The properties enumerated in Sec- 
tion 3 shall be determined in accordance 
with the following methods of the 
American Society for Testing Materials: 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

“Prior to adoption as standard, these specifications 
were published as tentative from 1922 to 1923. 


(u) Percentage of Wear and French 
Coefficient of Wear . — Standard Method 
of Test for Abrasion of Rock by Use of 
the Deval Machine (A.S.T.M. Designa- 
tion: D 2),^ except that the sample shall 
be prepared by use of a press and the 
fragments shall be as uniform and as 
nearly cubical as practicable. 

(5) Toughness . — Standard Method of 
Test for Toughness of Rock (A.S.T.M. 
Designation: D 3).® 

Dimensions 

5. The blocks shall be not less than 
3 in. nor more than 4 in. in length, 
width, or depth. 

Dressing 

6. {a) The blocks shall be so dressed 
that the faces will be approximately 
rectangular in shape, and the ends and 
sides sufiiciently smooth to permit the 
blocks to be laid with joints not ex- 
ceeding I in. in width at the top, and 
for 1 in. downward therefrom, and not 
exceeding 1 in. in width at any other- 
part of the joint. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(h) The wearing surface of the blocks 
shall show no depressions more than 
§ in. in depth, and the edges and corners 
shall be unchipped and unbroken. 

Inspection 

7. At least 25 blocks shall be selected 
for physical tests by the engineer or his 
authorized representative, subsequent to 
delivery at the place of use, so as to 
fairly represent actual deliveries. No 
sample shalHnclude blocks that would 


be rejected by a visual examination. 
The bedding plane shall be marked on 
at least two of the blocks selected. 

Rejection 

8. All deliveries shall be subjected to 
further inspection at the place of use, 
prior to and during laying. All blocks 
which fail to conform^ to the require- 
ments of Sections 2, 5, and 6 shall be 
rejected. 



APPROVED AS 

AMERICAN TENTATIVE STANDARD 
BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A31-1924 


Standard Specifications for 

MATERIALS FOR CEMENT GROUT FILLER FOR BRICK 
AND STONE BLOCK PAVEMENTS" 



A.S.T.M. Designation: D 57-20 
Adopted, 1920.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 57; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the ma- 
terials (sand, Portland cement, and 
water) for use in cement grout filler 
for brick and stone block pavements. 

Sand 

General Characteristics 

2. The sand shall consist of clean, 
hard, durable stone particles, preferably 
siliceous, free from lumps of clay and 
objectionable foreign matter. 

Grading 

3. (a) The sand shall be well graded 
from coarse to fine and when tested by 
means of laboratory sieves shall conform 
to the following requirements: 

No. 10 (2000-micron) 100 

No. 20 (840-micron) not less than. . . 80 

No. 200 (74-micron) not more than. . 5 

(6) The sieve analysis of the sand 

* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee 0-4 on Road and Paving Materials. 

> Prior to adoption as standard, these specifications 
were published as tentative from 1919 to 1920. Editorially 
revised and rearranged in 1939. 


shall be made in accordance with 
Standard Method of Test for Sieve 
Analysis of Fine and Coarse Aggregates 
(A.S.T.M. Designation: C 136) of the 
American Society for Testing Materials.® 

Mortar Strength 

4. {a) The sand shall be mixed with 
Portland cement conforming to the re- 
quirements for type I of the Standard 
Specifications for Portland Cement 
(A.S.T.M. Designation: C 150) of the 
American Society for Testing Materials,® 
in the proportion of 1 part of cement to 
3 parts of sand, by weight, according to 
the standard method of making 1:3 
mortar briquets. The resulting mortar 
at the age of 7 and 28 days shall have 
a tensile strength of at least 75 per cent 
of that developed in the same time by 
mortar of the same consistency, made 
of 1 part of the same cement and 3 
parts of Ottawa sand. 

(6) Preliminary acceptance samples 
shall be subjected to mortar strength 
tests at both 7 days and 28 days, and 


* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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acceptance based thereon. Samples 
tested during the progress of the work 
will be accepted on the basis of the 
7-day test. 

(c) The tests for mortar strength 
shall be made in accordance with the 
Standard Methods of Test for Tensile 
Strength of Hydraulic-Cement Mortars 
(A.S.T.M. Designation: C IPO).^ 

Note. — The Portland cement used in testing 
the proposed sand should preferably be that used 
or to be used in the work. 

Inspection 

5. The sand shall be subject to 
inspection after delivery at the place 
of use, prior to and during the laying 
of the pavement. 

Sampling 

6. The sand shall be sampled for 
testing at the source of supply, if 


required. Samples shall also be taken 
for testing from time to time, at the 
place of use prior to and during the 
laying of the pavement, whenever de- 
sired by the engineer. 

Portland Cement 

Cement 

7. Portland cement for use in cement 
grout filler shall conform to the re- 
quirements for type I of the Standard 
Specifications for Portland Cement 
(A.S.T.M. Designation: C 150) of the 
American Society for Testing Materials.® 

Water 

Water 

8. The water used shall be clean and 
free from harmful amounts of oil, acid, 
alkali, organic or vegetable matter. 



Standard Specifications for 

MATERIALS FOR SAND-CEMENT BED FOR BRICK AND 
BLOCK PAVEMENTS! 



A.S.T.M. Designation: D 58 - 37 
Adopted, 1920; Revised, 1924, 1937.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 58; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the ma- 
terials (sand and portland cement) for 
use in sand-cement bed for brick, 
stone block, wood block, asphalt block, 
and other block pavements. 


{b) The sieve analysis of the sand 
shall be made in accordance with the 
Standard Method of Test for Sieve 
Analysis of Fine and Coarse Aggregates 
(A.S.T.M. Designation: C 136) of the 
American Society for Testing Materials.® 


Sand 

General Characteristics 

2. The sand shall consist of clean, 
hard, durable stone particles, preferably 
siliceous, free from lumps of clay and 
objectionable foreign matter. 

Grading 

3. (a) The sand shall be well graded 
from coarse to fine and when tested by 
means of laboratory sieves shall con- 
form to the following requirements: 

Sieve Percentage 

Passing 

No. 4 (4760-micron) 100 

No. 8 (2380-micron) not less than. . . 90 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-4 on Road and Paving Materials. 

s Prior to adoption as standard, these specifications 
were published as tentative from 1919 to 1920. Editorially 
revised and rearranged in 1939. 

These specifications comprise a revision of the Stand- 
ard Specifications for Materials for Cement Mortar Bed 
for Brick, Stone Block, Wood Block, Asphalt Block and 
Other Block Pavements (A.S.T.M. Designation :D 58 -24), 
which specifications they supersede. 


Mortar Strength 

4. {a) The sand shall be passed 
through a No. 8 (2380-micron) sieve 
and that portion retained by the No. 8 
sieve shall be discarded. The portion 
passing a No. 8 sieve shall be mixed 
with Portland cement conforming to 
the reciuirements for type I of the 
Standard Specifications for Portland 
Cement (A.S.T.M. Designation: C 150) 
of the American Society for Testing 
Materials,® in the proportion of 1 part 
cement to 3 parts of sand, by weight, 
according to the standard method of 
making 1:3 mortar briquets. The re- 
sulting mortar at the age of 7 and 28 
days shall have a tensile strength of at 
least 75 per cent of that developed in 
the same time by mortar of the same 
consistency, made of 1 part of the same 
cement and 3 parts of Ottawa sand. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(b) Preliminary acceptance samples 
shall be subjected to mortar strength 
tests at both 7 days and 28 days, and 
acceptance based thereon. Samples 
tested during the progress of the work 
will be accepted on the basis of the 
7-day test. 

(c) The tests for mortar strength 
shall be made in accordance with the 
Standard Methods of Test for Tensile 
Strength of Hydraulic-Cement Mortars 
(A.S.T.M. Designation: C 190).^ 

Note. — T he Portland cement used in testing 
the proposed sand should preferably be that 
used or to be used in the work. 

Inspection 

5. The sand shall be subject to inspec- 
tion after delivery at the place of use, 


prior to and during, the laying of the 
pavement. 

Sampling 

6. The sand shall be sampled for test- 
ing at the source of supply, if required. 
Samples shall also be taken for testing 
from time to time, at the place of use 
prior to and during the laying of the 
pavement, whenever desired by the 
engineer. 

Portland Cement 

Cement 

7. Portland cement for use in the 
cement mortar bed shall conform to 
the requirements for type I of the 
Standard Specifications for Portland 
Cement (A.S.T.M. Designation: C 150) 
of the American Society for Testing 
Materials.® 



Standard Specifications for 

MINERAL FILLER FOR SHEET ASPHALT AND BITUMINOUS 
CONCRETE PAVEMENTS^ 


A.S.T.M. Designation; D 242 - 39 
Adopted, 1939.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 242; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover mineral 
filler for sheet asphalt and bituminous 
concrete pavements. 

Composition 

2. The mineral filler shall consist of 
limestone dust, portland cement, or other 
mineral matter from sources agreed 
upon by the purchaser and the seller. 

Physical Properties 

3. The material shall be thoroughly 
dry and free from lumps consisting of 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee I)-4 on Road and Paving Materials. 


aggregations of fine particles. When 
tested by means of laboratory sieves 
the mineral filler shall conform to 
the following requirements: 

c:-,.. Percentage 

Passing 

No. 200 (74-micron) not less than 6S 

No. 80 (177-micron) not less than 95 

No. 30 (S90-micron) 100 

Method of Testing 

4. The sieve analysis of the mineral 
filler shall be made in accordance with 
the Standard Method of Test for Sieve 
Analysis of Mineral Filler (A.S.T.M. 
Designation: D 546) of the American 
Society for Testing Materials.® 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1926 to 1939. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Specifications for 

SAND FOR SHEET ASPHALT AND BITUMINOUS 
CONCRETE PAVEMENTS" 



A.S.T.M. Designation: D 162 - 29 

Adopted, 1929,^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 162; the final number indicates the year of original 
adoption as standard or, m the case of revision, the year of last revision. 


Scope 

1 . These specifications cover sand for 
use in the construction of the surface 
course of sheet asphalt pavements and 
those types of bituminous concrete 
pavements in which sand predominates. 


Physical Properties 


2. [d) The grains of the sand shall be 
clean, tough, rough-surfaced, and angu- 
lar. The sand after drying shall be 
free from lumps or balls of clay or of 


clay and sand. Before being incor- 
porated into the paving mixture, it shall 
conform to the following requirements 
as to grading: 


Piissing Sieve Sieve 

No. 200 (74-nucron). 

No. 100 {149-micron) No. 200... 

No. 80 (177-micron) No. 100... 

No. SO (297-micron) No, 80... 

No. 40 (420-micron) No, 50... 

No. 30 (.SQO-micron) No, 40... 

No. 20 (S40-micron) No. 30... 

No. 10 (200D-micron) No, 20... 

No. 10 (2000-inicron) 

No. 4 (4760-inicron) 


Per cent 
0 to 5 


S to 40 
5 to 301 
8 to 2S 
5 to IS 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-4 on Road and Paving Materials. 

^ as standard, these specifications 

■were published as tentotive from 1923 to 1929. Editorially 
revised and rearranged in 1939. 


{b) General Characteristics , — ^The gen- 
eral characteristics shall be determined 
by examination under a microscope or a 
magnifying glass. 

Sampling 

3. The sand shall be sampled in 
accordance with the Tentative Methods 
of Sampling Stone, Slag, Gravel, Sand, 
and Stone Block for Use as Highway 
Materials (A.S.T.M. Designation: D 75) 
of the American Society for Testing 
Materials.^ 

Methods of Testing 

4. The sieve analysis shall be made on 
samples of dried sand, weighing not less 
than 100 g., following the procedure 
described in Section 5 of the Standard 
Method of Test for Sieve Analysis of 
Fine and Coarse Aggregates (A.S.T.M. 
Designation; C 136) of the American 
Society for Testing Materials.® Deter- 
mination of percentage of particles pass- 
ing a No. 200 (74-micron) sieve shall be 
made by dry sieving. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


508 



Standard Specifications for 

PREFORMED EXPANSION JOINT FILLERS FOR 
CONCRETE! 

NONEXTRUDING AND RESILIENT TYPES 



A.S.T.M. Designation: D 544 - 41 
Adopted, 1941 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 544; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover pre- 
formed expansion joint fillers of the fol- 
lowing four types for use in concrete 
construction. The type or types desired 
shall be specified by the purchaser. 

Type 7, cork, 

Type 11, self-expanding cork, 

Type III, sponge rubber, and 

Type IV, cork rubber. 

Manufacture 

2. {a) Cork and Self-Expanding Cork. 
— These types shall consist of preformed 
strips which have been formed from 
clean granulated cork particles securely 
bound together by a synthetic resin of 
an insoluble nature. The granulated 
cork shall be relatively free from hard 
particles or dust and shall not have been 
exposed in the process of manufacture to 
a temperature exceeding 300 F. (149 C.). 

{b) Sponge Rubber . — This type shall 
consist of preformed strips composed 
essential ly of a durable, elastic rubber 

' Under the standardization procedure of the Society, 
these specifications are under tlje jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving IVpterials. 

® Prior to adoption as standard, these specifications 
were published as tentative from 1939 to 1941. 


compound which may be reinforced on 
each side with a layer of asphalt treated 
felt which has been bonded to the rubber 
compound filler under heat and pressure. 

(c) Cork Rubber . — This type shall con- 
sist of preformed strips which have been 
formed from clean granulated cork 
particles securely bound together by a 
durable elastic rubber compound. The 
granulated cork shall be relatively free 
from hard particles or dust and shall not 
have been exposed in the process of 
manufacture to a temperature exceeding 
300 F. (149 C.). 

Character of Strips 

3. Preformed strips of expansion joint 
fillers shall be of such character as not to 
be deformed or broken by twisting, 
bending, or other ordinary handling 
when exposed to atmospheric conditions. 
Pieces of the joint filler which have been 
damaged shall be rejected. 

Properties 

4. {a) Recovery . — The test specimen 
shall be given three applications of a 
load sufficient to compress the material 



A “tentative revision” of this standard appears in the Tenta- 
tive Revisions of Standards section at the back of this book. 
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to 50 per cent of its thickness before test. 
The load shall be immediately released 
after each application. At the end of 1 
hr. after the third application, the joint 
shall have recovered to at least 90 per 
cent of its thickness before test. 

(jb) Compression. — The load required 
to compress the test specimen to 50 per 
cent of its thickness before test shall not 
be less than 100 nor more than 750 psi. 

(c) Extrusion. — The test specimen 
shall be compressed to 50 per cent of its 
thickness before test with three of the 
edges restrained. The amount of ex- 
trusion of the free edge shall not exceed 
0.25 in. 

(d) Expansion. -—hi the case of self- 
expanding cork (type II) expansion 
joint filler only, the test specimen after 
being immersed in boiling water for 1 hr. 
shall have a final thickness not less than 
140 per cent of the thickness before test. 
Discoloration of the water shall not be 
considered an indication of failure. 

{e) Boiling in Hydrochloric Acid , — 
In the case of cork and self-expanding 
cork (types I and II) expansion joint 
fillers only, the test specimen when 
boiled for 1 hr. in hydrochloric acid 
(sp. gr. 1.19) shall show no evidence of 
disintegration. Discoloration, or a small 
amount of swelling shall not be con- 
sidered as failure. 

(/) Weathering Test. — A weathering 
test may be conducted in accordance 
with the procedure specified in Section 
8. Test specimens shall show no evi- 
dence of disintegration when subjected 
to the specified weathering test. Test 
specimens which have been subjected to 
the weathering test may be required to 
meet the requirements for recovery, 
compression, and extrusion specified in 
Section 4 (a), (5), and (c). 


Dimensions and Permissible Variations 

5. The preformed strips shall con- 
form to the dimensions specified or 
shown on the plans. Strips of the joint 
filler which do not conform to the 
specified dimensions, within the per- 
missible variations of plus in. in 
thickness, plus or minus | in. in depth, 
and plus or minus J in, in length shall 
be rejected. 

Packing 

6. Self-expanding cork shall be 
wrapped in waterproof paper, sealed in 
a manner that will prevent the entrance 
of moisture, and packed at the plant 
in sizes convenient for handling on 
the job. 

Sampling 

7. {a) Size of Samples. — Each sam- 
ple shall consist of sufficient material to 
provide at least 5 test specimens meas- 
uring 4| by 4| in. 

(h) Number of Samples. — One repre- 
sentative sample shall be selected from 
each shipment of 1000 sq. ft. or fraction 
thereof of each thickness ordered. 

(c) Samples shall be packed for trans- 
portation in such a manner that there 
will be no danger of distortion or 
breakage. Samples of self-expanding 
cork, in addition to the above, shall be 
kept dry as received and wrapped for 
transportation in a manner that will 
prevent the entrance of moisture. 
Methods of Testing 

8. The properties enumerated in these 
specifications shall be determined in 
accordance with the Standard Methods 
of Testing Preformed Expansion joint 
Fillers for Concrete (A.S.T.M. Designa- 
tion: D 545) of the American Society 
for Testing Materials.® 

. 3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 



Standard Specifications for 
CALCIUM CHLORIDE^ 



A.S.T.M. Designation: D 98-34 
Adopted, 1934.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 98; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover calcium 
chloride to be used for road purposes, 
acceleration of concrete, and curing of 
concrete. 

Chemical Composition 

2. The calcium chloride shall conform 
to the following requirements as to 
chemical composition: 


Calcium chloride, CaCh (an- 
hydrous), min., per cent 77 

Magnesium chloride, MgCh, 

max., percent 0.5 

Total alkali chlorides, max., per 

cent 2.0 

Other impurities, max., per cent. 1.0 


Grading 

3. The calcium chloride shall be in 
the form of flakes and when tested by 
means of laboratory sieves® shall con- 
form to the following requirements: 


Passing a |-in. sieve 100 per cent 

Retained on a f-in. sieve, 

max 20 per cent 

Passing an 840-micron 
(No. 20) sieve, max. . . 10 per cent 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4; on Road and Paving Materials. 

*Prior_to adoption as standard, these specifications 
were published as tentative from 1921 to 1934, being re- 
vised in 1922, 1030, 1933, and 1934, Editorially revised and 
rearranged in 1939. 


Packing and Marking 

4. The calcium chloride shall be de- 
livered in moistureproof bags or sacks 
containing approximately 100 lb. each, 
or in airtight steel drums weighing not 
more than 450 lb. each The name of 
the manufacturer, the lot number, the 
approximate net weight, and the per- 
centage of calcium chloride guaranteed 
by the manufacturer shall be legibly 
marked on each container. 

Inspection 

5. Every facility shall be provided the 
purchaser should he elect to have his 
representative sample the material at 
the plant. If the purchaser decides to 
sample the material after delivery it is 
understood that a 3 per cent variation in 
content of CaCl 2 from the chemical 
composition prescribed in Section 2 shall 
be permissible. 

Rejection 

6. The calcium chloride shall be re- 
jected if it fails to conform to any of the 
requirements of these specifications, and 
if it has become caked or sticky in the 
containers before opening. 

s Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: Ell), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 
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Standard Specifications for 
SODIUM CHLORIDE^ 



A.S.T.M. Designation: D 632 -43 
Adopted, 1943.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 632; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope it shall be screened, and only the portion 

1. These specifications cover sodium pa-ssing the No. 4 (4760-micron) sieve 
chloride to be used for road purposes, shcill be used. 


Chemical Composition 

2. The sodium chloride shall conform 
tp the following requirement, as to 
chemical composition : 

Sodium chloride (NaCl), min., per cent. . .98.6 

Grading 

3. (a) The sodium chloride, when 
used ill the form of rock salt, shall con- 
form to the following requirements as 
determined by laboratory sieves:® • 


Retained on a No. 4 (4760-micron) 

sieve, max., per cent 12 

Retained on a No. 8 (2380-micron) 

sieve, per cent 60 to 95 

Passing a No. 30 (590-micron) sieve, 
max., per cent 7 


(6) Evaporated salt may be used in 
lieu of rock salt when it conforms to the 
requirement as to chemical composition 
prescribed in Section 2. If the evapo- 
rated salt gives indications of caking, 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

> Prior to adoption as standard these specifications were 
published as tentative from 1941 to 1943. 

* Detailed requirement for these sieves are given in the 
Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 


Packing and Marking 

4. The sodium chloride shall be de- 
livered in bags or saclcs, drums, or bulk 
carload lots. The name of the manu- 
facturer, the lot number, the approxi- 
mate net weight, and the percentage of 
sodium chloride guaranteed by the 
manufacturer shall be legibly marked 
on each container, or in the case of carload 
shipments, noted on the shipping report. 

Inspection 

5. Every facility shall be provided 
the purchaser should he elect to have 
his representative sample the material 
at the place of manufacture. If the 
purchaser decides to sample the ma- 
terial after delivery, it is understood 
that a 0.5 per cent variation in content 
of sodium chloride from the chemical 
composition prescribed in Section 2 
shall be permissible. 

Rejection 

6. The sodium chloride shall be re- 
jected if it fails to conform to any of the 
requirements of these specifications. 


Standard Method of Test for 
ABRASION OF ROCK BY USE OF THE DEVAL MACHINE^ 



A.S.T.M. Designation: D 2 - 33 
Adopted, 1908; Revised, 1926, 1933.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 2; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the procedure 
for testing rock for resistance to abrasion 
in the Deval testing machine. 

Note. — This well-known method of test is 
similar in almost all respects to the Deval 
abrasion test of the French School of Roads and 
Bridges. It has been used since 1878, and is 
entirely satisfactory for the purpose for which 
it was designed. 

Apparatus 

2. {a) Deval Machine . — The Deval 
abrasion testing machine shall consist of 
one or more hollow cast-iron cylinders 
closed at one end and furnished with a 
tightly fitting iron cover at the other. 
The inside dimensions of the cylinders 
shall be 20 cm. in diameter and 34 cm. in 
depth. These cylinders shall be mounted 
on a shaft at an angle of 30 deg. with 
the axis of rotation of the shaft. 

{h) Sieve . — The No, 12 (1680-micron) 
square hole sieve shall conform to the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: E 11) of the American Society for 
Testing Materials.® 

_ I Under the standardization procedure of the Society 
this method is under the jurisdiction of the A.S.T.M Com- 
mittee p-4 on Road and Paving Materials. 

* Editorially revised and rearranged in 15>39. 

* Appears in this publicatioUj see Contents in Nume ric 
Sequence of A.S.T.M, Designations at front of book. 


Test Sample 

3. At least 30 lb. of coarsely broken 
stone shall be available for a test. The 
rock to be tested shall be broken into 
pieces as nearly uniform in size as possi- 
ble, and as nearly 50 pieces as possible 
shall constitute a test sample. The 
total weight of rock used as the test 
sample shall be 5 kg. weighed to the 
nearest 10 g. All test pieces shall be 
washed and thoroughly dried before 
weighing. 

Procedure 

4. The test sample shall be placed in 
the Deval abrasion machine and the 
machine rotated for 10,000 revolutions 
at a rate of from 30 to 33 r.p.m. At the 
completion of the test, the material 
shall be removed from the machine and 
sieved on a No. 12 (1680-micron) sieve. 
The material passing the No. 12 sieve 
shall be considered in determining the 
amount of wear which shall be expressed, 
either as a percentage of the S-kg. sample 
used in the test, or as the French 
coefficient of wear calculated as follows: 

20 400 

Coefficient of wear = 20 X ~ = -~ 

W W 

where: W = weight in grams of the 
detritus under 0.168 cm. (0.066 in.) in 
size per kilogram of rock used. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: AS-1930 
AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD . 
A.A.S.H.O. NO.: T 5-35 


Stafidard Method of Test for 

TOUGHNESS OF ROCK^ 


A.S.T.M. Designation: D 3 - 18 
Adokted, 1908; Revised, 1918.- 

This Standard of tlie American Society for Testing Materials is issued under 
the fixed designation D 3; tlie final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the pro- 
cedure for determining the toughness of 
rock. 

Toughness 

2. Toughness, as applied to rock, is 
the resistance offered to fracture under 
impact, expressed as the final height of 
blow required of a standard hammer to 
cause fracture of a cylindrical test 
specimen of given dimensions. 

Apparatus 

3. Any form of impact machine which 
will comply with the following essentials 
may be used in making the test: 

(а) A cast-iron anvil weighing not 
less than 50 kg., firmly fixed upon a 
solid foundation. 

(б) A hammer weighing 2 kg., ar- 
ranged so as to fall freely between suit- 
able guides. 

(c) A plunger made of hardened steel 
and weighing 1 kg., arranged to slide 
freely in a vertical direction in a sleeve, 

1 Under the standardization procedure of the Society. 
Uns method IS under the jurisdiction of the A.S.T.M. 
Committee D-I on Road and Paving Materials. 

* Editorially revised and rearranged in 1939. 


the lower end of the plunger being 
spherical in shape with a radius of 
1 cm. 

(d) Means for raising the hammer 
and for dropping it upon the plunger 
from any specified height from 1 to not 
less than 75 cm., and means for deter- 
mining the height of fall within approxi- 
mately 1 rnm. 

(s) Means for holding the cylindrical 
test specimen securely on the anvil 
without rigid lateral support, and under 
the plunger in such a way that the center 
of its upper surface shall, throughout 
the test, be tangent to the spherical 
end of the plunger at its lowest point. 

Sampling 

4. Quarry samples of rock from which 
test specimens are to be prepared shall 
measure at least 6 in. on a side and at 
least 4 in. in thickness, and when possible 
shall have the plane of structural weak- 
ness of the rock plainly marked thereon. 
Samples should be taken from freshly 
quarried material, and only from pieces 
which show no evidences of incipient 
fracture due to blasting or other causes. 
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The samples should preferably be split 
from large pieces by the use of plugs and 
feathers and not by sledging. Com- 
mercial stone-block samples from which 
test specimens are to be prepared shall 
measure at least 3 in. on each edge. 

Test Specimens 

5. Specimens for test shall be cylinders 
25 mm. in height and from 24 to 25 
mm. in diameter, prepared as described 
in Section 6. Three specimens shall 
constitute a test set. The ends of the 
specimen shall be plane surfaces at right 
angles to the axis of the cylinder. 

Preparation of Test Specimens 

6. One set of specimens shall be drilled 
perpendicular and another parallel to 
the plane of structural weakness of the 
rock, if such plane is apparent. If a 
plane of structural weakness is not 
apparent, one set of specimens shall be 
drilled at random. Specimens shall be 
drilled in a manner that will not subject 
the material to undue stresses and which 
will insure the specified dimensions.® 
The ends of the cylinders may be sawed 
by means of a band or diamond saw,^ 

3 The form of diamond drill described in Bulletin No. 
347, U. S. Department of Agriculture, pp. 6-7, is recom- 
mended, and should prove satisfactory if the instructions 
are strictly followed. 

■* A satisfactory form of diamond saw is described in 
BuUeiinNo. 347, U. S. Department of Agriculture, pp. 7-9. 


or in any other way which will not 
induce incipient fracture, but shall 
not be chipped or broken off with a 
hammer. After sawing, the ends of the 
specimens shall be ground plane with 
water and carborundum or emery on a 
cast-iron lap until the cylinders are 
25 mm. in height. 

Procedure 

7. The test shall consist of a 1-cm. 
fall of the hammer for the first blow, 
a 2-cm. fall for the second blow, and an 
increase of 1-cm. fail for each succeeding 
blow until failure of the test specimen 
occurs. 

Report 

8. The height of the blow in centi- 
meters at failure shall be the toughness 
of the test specimen. The individual 
and the average toughness of three test 
specimens shall be reported when no 
plane of structural weakness is apparent. 
In cases where a plane of structural 
weakness is apparent, the individual 
and average toughness of the three 
specimens in each set shall be reported 
and identified. Any peculiar condition 
of a test specimen which might affect 
the result, such as the presence of seams, 
fissures, etc., shall be noted and recorded 
with the test result. 
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Standard Method of Test for 
SIEVE ANALYSIS OF MINERAL FILLER' 



A.S.T.M. Designation: D 546-41 
Adopted, 1941.^ 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 546; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the sieve 
analysis of mineral fillers used in road 
and paving materials. 

Apparatus 

2. (a) Balmce.— The balance shall be 
sensitive to 0.05 g. 

(b) Sieves . — The sieves shall conform 
to the Standard Specifications for Sieves 
for Testing Purposes (A.S.T.M. Desig- 
nation: E 11) of the American Society 
for Testing Materials,^ and shall include 
the No. 200 (74-micron) sieve and such 
other sieves as may be required by the 
specifications for the mineral filler. 

Note. — In general specifications require the 
use of the No. 200 (7^micron), No. 80 (177- 
nxicron), and No. 30 (S90-micron) sieves. 

Sample 

3. The sample for sieve analysis shall 
be obtained, by quartering or by use of a 
sampler, from a representative sample 
selected from the material to be tested. 

p Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T Jkl. 
CommiUee D-4 on Road and Paving Materials. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1939 to 1941. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Approximately 50 g. of dry material is 
required for each test. 

Drying of Sample 

4. The sample shall be dried to sub- 
stantially constant weight at a tem- 
perature not exceeding 110 C. (230 F.). 

Procedure 

5. (a) The 50.0 ± 5.0 g. sample of 
the dried mineral filler shall be weighed 
to the nearest 0.1 g. and placed on the 
No. 200 (74-micron) sieve which shall be 
thoroughly clean and dry. The sieve, 
with pan and cover attached, shall be 
held in one hand in a slightly inclined 
position so that the sample will be well 
distributed over the sieve, at the same 
time gently striking the side about 150 
times per minute, against the palm of the 
other hand on the up stroke. The sieve 
shall be turned every 25 strokes about 
one-sixth of a revolution in the same 
direction. The operation shall be con- 
tinued until not more than 0.05 g. passes 
through the sieve in 1 min. of continuous 
sieving. 

(b) The portion of the sample retained 
on the sieve shall then be weighed to the 
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nearest 0.1 g., and placed on the sieve 
with the next larger opening for the 
series selected for the sieve analysis. 
Sieving shall be continued in a similar 
manner, using successively each of the 
selected series of sieves in the order of 
increasing size of opening, and recording 
the weight of that portion of the sample 
retained on each sieve. The weight of 
material and percentage of the sample 
passing each of the sieves shall be cal- 
culated. 

(c) Washers, shot, or slugs shall not 
be used on the sieves. 

Machine Sieving 

6. Mechanical sieving devices may be 
used but the filler shall not be rejected 
if it meets the requirements when tested 
by the hand method described in Sec- 
tion 5. When mechanical sieving de- 
vices are used their thoroughness of 


sieving shall be tested by using the hand 
method. 

Report 

7. The report shall include the fol- 
lowing: 

(a) Results of the sieve analysis re- 
ported as the total percentage passing 
each sieve, expressed to the nearest 0.5 
per cent, and 

(d) The method of sieving used. 

Reproducibility of Results 

8. The percentages obtained by the 
same operator in duplicate tests on 
portions of the same sample should not 
differ by more than one passing any one 
sieve. The percentages obtained by dif- 
ferent operators in different laboratories 
should not differ by more than two pass- 
ing any one sieve. 



Standard Methods of Testing 

PREFORMED EXPANSION JOINT FILLERS FOR 
CONCRETE* 

NONEXTEUDING AMD RESILIENT TYPES 



A.S.T.M. Designation: D 545-41 
Adopted, 1941. ^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 545; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the following 
tests for preformed expansion joint 
fillers for concrete: expansion in boiling 
water, recovery, compression, extrusion, 
boiling in hydrochloric acid, and 
weathering. The recovery, compres- 
sion, and extrusion tests shall be per- 
formed at a laboratory room temperature 
of 70 F. (21 C.) or above. 

Preparation of Test Specimens 

2. (fl) In the case of cork, sponge 
rubber, and cork rubber (types I, III, 
and IV) expansion joint fillers only, five 
specimens for test shall be cut from each 
sample. Each test specimen shall be 
freshly and squarely cut using a metal 
plate 4 by 4 in. as a cutting template. 
The metal template shall be machined 
from |-in. plate to fit the extrusion 
mold described in Section 5 (&). The 
template shall fit the mold within 

‘ Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-4 on Road and Paving Materials. 

® Prior to adoption as standard, these methods were 
published as tentative from 1939 to 1941. 


minus 0.005 in. in length and minus 
0.005 in. in width. 

if) In the case of self-expanding 
cork, (type II) expansion joint fillers 
only, subsequent to boiling in water as 
described in Section 3, the test speci- 
mens shall be permitted to air-dry for 
24 hr., and shall then be cut to size and 
measured as described in Paragraph {a). 

ic) The thickness of each test speci- 
men shall be determined to the nearest 
0.001 in. 

Expansion in Boiling Water 
3. In the case of self-expanding cork 
(type II) expansion joint filler only, five 
test specimens measuring by 4| ± 
0.10 in. shall be cut from each sample. 
The thickness of each test specimen 
shall be determined to the nearest 0.001 
in. The specimens shall be immersed 
in boiling water for 1 hr., after which 
they shall be removed and allowed to 
cool to room temperature for 15 min. 
The final thickness of each specimen 
shall then be measured to the nearest 
0.001 in. 
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A “tentative revision” of this standard appears in the Tenta- 
tive Revisions of Standards section at the back of this book. 



Tests for Preformed Joint Fillers for Concrete (D 545-- 41) 519 


Recovery and Compression 

4. (a) Test Specimens . — One of the 
test specimens prepared as described in 
Section 2 {a) (or one of the expanded 
specimens prepared as described in 
Section 2 (6) in the case of self- 
expanding cork, type II) shall be used 
for these tests. In the case of cork, 
sponge rubber, and cork rubber (types 
I, III, and IV) expansion joint fillers, 
these tests shall be made on specimens 
of the material as received. However, 
if the cork filler (type I) fails to meet 
the requirements specified, check tests 
shall be made on specimens which have 
been immersed in water for 24 hr. and 
subsequently air dried for 24 hr. Ac- 
ceptance shall be based on the results 
of these check tests. 

(5) Mounting . — The test specimen 
shall be placed on a flat metal plate, 
and a 4| by 4-| by |-in. metal plate 
ground to have plane parallel faces 
shall be centered on the top surface of 
the specimen. A simple U-shaped 
bridge shall be employed to support a 
dial or other suitable measuring device 
reading to 0.001 in. above the center of 
the specimen. A metal cylinder or 
other device for transferring the load 
from the moving head of the testing 
machine around the measuring appa- 
ratus to the plate covering the specimen 
shall be placed upon the plate. A 
spherical bearing block shall be mounted 
between the upper end of the cylinder 
and the moving head of the testing 
machine. 

(c) Measurement of Thickness . — When 
the specimen has been mounted as 
described in Paragraph (5) and is sub- 
jected only to the pressure of the dead 
weight of the 41- by 41 by §-in. metal 
plate, its thickness shall be determined 
by means of the measuring device. 
When the load transferring apparatus 
and spherical bearing block are placed 


on the test specimen, some compression 
may result. This reduction in thickness 
shall be considered as part of the 50 
per cent reduction in thickness to be 
applied (Paragraph (tf)). 

(d) Recovery . — For the determination 
of the percentage of recovery, the test 
specimen shall be given three applica- 
tions of a load sufficient to compress it 
to 50 per cent of its thickness before 
test. The load shall be applied without 
shock and at such a rate that the speci- 
men will be compressed approximately 
0.05 in. per min. After the first and 
second applications the load shall be 
released immediately, and the speci- 
men permitted to recover 30 min. 
before the load is again applied. After 
the third application the load shall be 
released immediately and the specimen 
shall be permitted to recover 1 hr., 
after which the thickness shall again be 
measured. The load-transferring ap- 
paratus and spherical bearing block 
shall be removed from the test specimen 
during recovery periods between com- 
pressions and following the third applica- 
tion of load. The percentage of re- 
covery shall be calculated as follows: 

Recovery, per cent “ ~ ^ 100 

where: 

t = thickness of the specimen before 
test, and 

i’~ thickness 1 hr. after completion 
of the third application of load. 

(e) Compression . — The total maxi- 
mum load in pounds required for the 
first application as specified in Para- 
graph (d) shall be divided by 16 and 
recorded as the unit pressure in pounds 
per square inch. 

Extrusion 

5. {a) Test Specimens . — One of the 
test specimens prepared as described in 
Section 2 (a) (or one of the expanded 
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specimens prepared as described in 
Section 2 (b) in the case of self-expand- 
ing cork, type II) shall be used for this 
test. In the case of cork, sponge 
rubber, and cork rubber (types I, III, 
and IV) expansion joint fillers, these 
tests shall be made on specimens of the 
material as received. However, if the 
cork filler (type I) fails to meet -the re- 
quirements of the specifications, check 
tests shall be made on specimens which 
have been immersed in water for 24 hr. 
and subsequently air dried for 24 hr. 
Acceptance shah, be based on the results 
of these check tests. 

(6) Mounting , — The test specimen 
shall be placed in a suitable steel mold so 
constructed as to confine the lateral 
movement of the specimen under com- 
pression to one side only. Interior 
dimensions of the mold shall be 4 by 4 in. 
with permissible variations in length 
and in width of plus or minus 0.015 in. 
Mold sides shall be of such height as to 
extend at least | in. above the test 
specimen. The specimen shall then be 
covered with a ^-in. metal plate ground 
to have plane parallel faces. The metal 
plate shall be machined to fit within 
the three restraining sides of the steel 
mold snugly but without binding. A 
simple U-shaped bridge shall be em- 
ployed to support above the center of 
the specimen a dial or other suitable 
measuring device reading to 0.001 in. 
A metal cylinder or other device for 
transferring the load from the moving 
head of the testing machine around the 
measuring apparatus to the plate cover- 
ing the specimen shall be placed upon 
the plate. A spherical bearing block 
shall be mounted between the upper 
end of the cylinder and the moving 
head of tlie testing machine. 

ic) Measurement of Thickness,— 

, When the specimen has been mounted 
as described in Paragraph (J) and is 
subjected only to the pressure of the 


dead weight of the 4 by 4 by l-in. metal 
plate, its thickness shall be determined 
by means of the measuring device. 
When the load transferring apparatus 
and spherical bearing block are placed 
on the test specimen, some compression 
may result. This reduction in thickness 
shall be considered as part of the 50 per 
cent reduction in thickness to be applied 
(Paragraph (d)). 

id) Extrusion . — For the determina- 
tion of the amount of extrusion, the 
specimen shall be given one application 
of a load sufficient to compress it to 50 
per cent of its thickness before test. 
The load shall be applied without shock 
at such a rate that the specimen will be 
compressed approximately 0.05 in. per 
min. The amount of extrusion in 
inches shall be determined by measuring 
the maximum movement of the free 
edge of the test specimen during the 50 
per cent compression of the specimen. 
The extrusion shall be measured by 
means of a dial or other suitable device 
reading to 0.001 in. 

Boiling in Hydrochloric Acid 

6. In the case of cork and self- 
expanding cork (types I and II) expan- 
sion joint fillers only, one of the test 
specimens prepared as described in 
Section 2 (a) (or one of the expanded 
specimens prepared as described in 
Section 2 (6) in the case of self-expanding 
cork, type II) shall be used for this test. 
The specimen shall be boiled for 1 hr. 
in hydrochloric acid (sp. gr. 1.19). The 
test specimen shall be examined for 
evidences of disintegration. 

Accelerated Weathering Tests 

7. (a) Two specimens, prepared as 
described in Section 2 {a) (or two of the 
of the expanded specimens prepared as 
described in Section 2 (6) in the case of 
self-expanding cork, type II) shall be 
exposed to a temperature of 165 F. 
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(74 C.) for a period of seven days. 
Upon completion of this accelerated 
aging test, the specimens shall be im- 
mersed in water at room temperature 
for 24 hr, 

(b) The specimens shall then be placed 
on edge in a suitable container and water 
poured into the container to a depth 
of 2 in. (one-half the height of the 
specimens). It will be necessary to put 
a weight or simple frame across the 
exposed edges of the specimens during 
this test in order that the positions of the 
specimens in the water will be main- 
tained. The pan containing the speci- 
mens partially immersed in water shall 
be placed in a freezing chamber for a 
period long enough to freeze the water 
into solid ice. The temperature of the 
freezing chamber shall be maintained 
between -f- 14 and - 4 F. (—10 and 
- 20 C.). Upon completion of the 


freezing cycle, the pan containing the 
specimens shall be removed from the 
freezing chamber and partially im- 
mersed in water at a temperature main- 
tained between 65 and 100 F, (18 and 
38 C.). The first cycle is completed 
when the ice surrounding the specimens 
has melted entirely. This cycle shall be 
repeated ten times. 

(c) The length of time required for 
freezing and thawing will be governed 
by the temperature of the freezing 
chamber and the volume of water around 
the specimens. 

(d) After ten freezing-and-thawing 
cycles have been completed, the speci- 
mens shall be removed from the water 
and allowed to stand in air at room 
temperature for 48 hr. The test speci- 
mens shall be examined for evidences 
of disintegration. 


Standard Methods of 

CHEMICAL ANALYSIS OF CALCIUM CHLORIDE' 



A.S.T.M. Designation: D 345 - 34 
Adopted, 1934.=* 

This Standard of the American, Society for Testing Materials is issued under 
the fixed designation D 345; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for the chemical analysis of calcium 
chloride. 

Total Calcium 

2. {a) Weigh accurately a sample of 
approximately 5 g. (Note 1) and dis- 
solve in water. Add sufficient HCl to 
clear, and then make up to a volume of 
500 ml. Pipette a 25.00 ml. aliquot and 
add enough diluted NH4OH to make 
slightly alkaline. Methyl orange or 
red may be used as indicator. Add 20 
ml. of cold saturated NH4CI solution 
and dilute to from 100 to 125 ml. Heat 
to boiling and, while stirring to precipi- 
tate the calcium, add 20 ml. of cold 
saturated • (NH4)2C204. Let stand 1 
min., and if the precipitate does not 
show a tendency to settle well, bring 
back to boiling and continue the stirring. 
Let settle 20 min. and filter through No. 
42, ll'Cni. Whatman filters or paper of 
an equivalent grade. Wash free from 

I Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-4 on Road and Paving Materials. 

3 Prior to adoption as standard, these methods were 
published as tentative from 1932 to 1934. Editorially re- 
vised and rearranged in 1939. 


oxalate and chloride with hot water. 
Wash the precipitate back into the 
original beaker and dilute to about 100 
ml. Dissolve the precipitate with 10 
to 15 ml. of diluted H2SO4 (1:4), heat 
to about 80 C., and titrate to a pink 
color with ’0.1 N KMn04. Add the 
paper, and finish the titration to a faint 
pinlc with the standard KMnOi- 
(&) Calculation , — Calculate the total 
calcium as percentage of CaCL, as 
follows: 

Percentage of CaCh = 

ml. of 0.1 iyKMn04 X 11.1 
wt. of original sample in grams 

The calculated percentage of CaCL 
shall be corrected for Ca(OH)2 and 
CaCOg. 

Total Alkalinity and Magnesium Com- 
pounds 

3. {a) Weigh accurately a 10.00-g. 
sample (Note 1), place in a 400-mL 
beaker, and dissolve in 25 ml. of water. 
Add a drop of phenolphthalein indicator, 
and titrate with 0.1 N HCl until the 
brilliant pink color fades or becomes a 
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dull, slowly-returning color when tested 
by adding another drop or two of indi- 
cator. Then add enough of the 0.1 N 
HCLin excess to give a permanent red 
color after the addition of a drop of 
methyl orange indicator. Titrate back 
to the neutral point with 0.1 N NaOH 
and adjust to a faint pink color with 
0.1 N HCl. Use these solutions for the 
subsequent determination of magnesium 
compounds. 

(&) The net volume of acid used is 
sometimes calculated as calcium hydrox- 
ide for convenience, as follows: 

Percentage of Ca(OH )2 = 

ml. of 0.1 iV HCl X 0.0037 X 10 

(c) To the neutral solutions add 9 ml. 
of 1 TV NaOH which will precipitate 
Mg(OH )2 along with some Ca(OH) 2 . 
Filter the precipitate and transfer as 
much as possible to the filter. Dissolve 
the precipitate from the paper to the 
original beaker with about 10 ml. of 
HCl (1:1). Add 30 ml. of cold satu- 
rated NH 4 CI. With a volume of about 
150 ml., heat to boiling and add from 
50 to 60 ml. (or an excess) of cold 
saturated (NH 4 ) 2 C 204 - Heat just to 
boiling while stirring, and slowly make 
alkaline with diluted NH 4 OH. Let 
stand 10 to 15 min. and filter through a 
retentive qualitative paper such as 
Whatman’s No. 2 or 3. Save this 
filtrate. Return the precipitate to the 
original beaker, dissolve in HCl (1:1) as 
before, add 15 ml. of cold saturated 
NH 4 CI and 10 ml. of the (NH 4 ) 2 C 204 , 
heat to boiling, and slowly make alka- 
line with diluted NH 4 OH. When the 
precipitate is well formed and settles 
readily, filter as before, and combine the 
two perfectly clear filtrates. Concen- 
trate to about 250 ml. If much mag- 
nesium is present, the oxalate may 
precipitate. Add HCl to dissolve it. 
At a temperature of approximately 
70 C., slowly add 10 ml. of (NH 4 ) 2 HP 04 


(15percent). Add NH4OH (sp.gr. 0.90) 
slowly until the precipitate is formed, 
then add excess. Let stand over night, 
stirring vigorously several times and also 
just before filtering. Filter through a 
Gooch crucible or a No. 42 Whatman 
paper, or paper of equivalent quality, 
and wash with cold NH4OH (1:10). 
Ignite to constant weight and weigh as 
Mg 2 P 207 . If the alkalinity is appre- 
ciable and the total magnesium low, this 
should be calculated as Mg(OH)2. Any 
balance of magnesium over total alka- 
linity would be MgCb. 

(d) Calculations . — Calculate the per- 
centage of Mg(OH)2 as follows: 

Percentage of Mg(OH )2 = 

grams of MgaPaO? X 0.524 X 10 

Percentage of Mg(OH )2 X 34.3 »= 

ml. of 0.1 N HCl due to MgfOHja 

If the alkalinity titration with phe- 
nolphthalein was stopped and the milli- 
liters recorded with the brilliant pink 
faded, the milliliters represent actual 
Ca(OH )2 present, as follows: 

Percentage of CafOHja = 

ml. of 0.1 HCl X 0.0037 X 10 

The difference (milliliters for methyl 
orange end point minus milliliters for 
phenolphthalein end point) minus milli- 
liters due to Mg(OH )2 equals the 
milliliters due to CaCOs, as follows: 

Percentage of CaCOa = 

ml. of 0.1 N HCl due to CaCOs X 0.0050 X 10 
Percentage as CaCb = 

(ml. for Ca(OH )2 + ml. for CaCOs) X 

0.00555 X 10 

Deduct this latter percentage from total 
calcium as net CaCL. 

Note.— If a large amount of MgCb (2 or 3 
per cent) is present, the calculation of CaCOs 
will be inaccurate. 


524 


Chemical Analysis of Calcium Chloride (D 345 - 34) 


Total Alkali Chlorides as Sodium 

Chloride 

4. {a) The chlorides KCl and NaCl 
shall be determined together. Where 
it is desired to distinguish between 
them, the potassium may be determined 
by any standard method and the two 
reported separately. The perchlorate 
method may be used for this determina- 
tion. For routine work the KCl and 
NaCl shall be reported as percentage of 
NaCl. The method used shall be as 
follows: 

Dissolve an 8.000-g. sample (Note 1) 
in 50 ml. of hot water, add 1 g. of c.p. 
Ca(OH)2, mix well, and boil gently for 
1 min. Dilute to exactly 100 ml in a 
volumetric flask. Filter through a dry 
paper, discarding the first 10 ml, pipette 
a 25.00-ml. aliquot, add 20 ml. of 
water; heat to boiling and add 50 ml. 
of hot (NH4)2C20 .i (5 per cent) or 
(NH4)2C03 (4 per cent)— preferably the 
latter. Dilute to 100 ml. and mix well. 
Let stand until the temperature is 
about that of the room and adjust the 
volume. 

(6) Finally, filter through a dry re- 
tentive filter paper, discarding the first 
10 ml and refiltering if cloudy. Pipette 
a 25.00-ml. aliquot in a 250-inl. beaker 
and add 1 ml. of HCl (sp.gr. 1.19). 
Evaporate to dryness on a steam bath. 
Thoroughly ignite in a muffle or heat- 
treating furnace (Note 2) at 300 to 
350 C. In about 30 min., organic and 
ammonium salts should have been driven 
off. Cool, dissolve in 10 ml. of winter, 
add 3 drops of Na2Cr04 or K2Cr04 (5 
per cent) solution as indicator, and 
titrate with 0.02 N AgNOs (Note 3) 
to a pink end point. If the ignition was 


correctly done, there will be but little 
brown or yellow coloration due to 
charred organic residue to interfere with 
seeing the end point. Run a blank on 
the reagents used. If this is less than 
0.5 ml. neglect it, if over 0.5 ml. subtract 
from the titration after deducting 0.5 
ml. (1.00 ml. of 0.02 N AgNOa is equiva- 
lent to 0.00117 g. NaCl). In the 
method as given, 0.5000 g. of sample is 
finally titrated. 

(c) Calculation . — Calculate the total 
alkaH chlorides as sodium chloride, as 
follows: 

Percentage of NaCl = 

ml. of 0.02 N AgNOs X 0.00117 X 1.05 X 100 
0.5000 
or 

Percentage of NaCl = 

ml. of 0.02 N AgNOs X 0,246 
Rapid Technical Method 

5. {a) For ordinary purposes, where 
the quantity of material purchased does 
not warrant the employment of the 
foregoing method of analysis, calcium 
chloride is deemed as satisfactory if the 
total chlorides present, determined by 
titration with 0.1 N AgNOg and calcu- 
lated to CaCb, is in excess of 78 per cent 
and if not more than a slight precipitate 
of Mg(OH)2 appears when a 10 per cent 
filtered solution of the material is made 
alkaline with NH4OH. 

{h) No material shall be rejected 
under this technical method of analysis, 
and in case the calcium chloride tested 
by this rapid procedure does not conform 
to the specifications, it shall be analyzed 
by the methods described in Sections 
2 to 4, inclusive. 


Explanatory Notes 

Noxe 1.-— Instead of weighing out separate 100 ml., and 1 ml. of this solution used for the 
samples as indicated in Sections 2, 3, and 4, a procedure in Section 2, 40 ml. for the procedure 
2S-g. sample may be diluted to a volume of in Section 3, and 32 ml. for the procedure in 
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Section 4. The 1 ml. should be measured with a 
standard calibrated pipette, and the 40 ml. and 
32 ml. with a burette. These volumes shall 
then be further diluted to conform to the con- 
centrations indicated under Sections 2, 3, and 4. 
This handling will render accurate distribution 
of the insoluble Mg(OH )2 and CaCOs present 
more difficult than using direct weighed samples. 

Instead of weighing accurately a 10.00-g. 
sample, a sample of approximately 10 g. may be 
used if desired, in which case the percentage of 
Ca(OH )2 may be calculated as follows: 

Percentage of Ca(OH )2 = 

ml. of 0.1 N HCl X 0.0037 X 100 
wt. of sample in grams 


Note 2. — ^In case a muffle or furnace with 
close heat control is not available, a moderate 
bunsen flame played over the beaker may be 
used to volatilize the ammonium and organic 
compounds. In this case it would be advisable 
to control the determination by means of a 
known mixture having NaCi present in the 
same magnitude. 

Note 3.— The 0.02 N AgNOa may be con- 
veniently made by diluting 50.00 ml. of exactly 
0.1 JV solution to a 2S0-ml. volume. There is 
an empirical correction to be made on the factor 
W'hich amounts to the 0.02 N value multiplied 
by about 1.05. This can be determined exactly 
by running on known mixtures having the same 
magnitude composition as the calcium chloride 
to be analyzed. 



Standard Specifications for 

SLOW-SETTING EMLO^SIFIED ASPHALT' 

FOR FINE AGGREGATE MIXES 



A.S.T.M. Designation: D 631 - 43 
Adopted, 1943.* 

This Standard of the American Society for Testing Materials is issued under 
the Axed designation D 631; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover a slow- 
setting emulsified asphalt for fine aggre- 
gate jnixes in which a substantial quan- 
tity of aggregate passes a |-in. sieve 
and a portion may pass a No.< 200 (74- 
micron) sieve. 


Properties and Tests 

2. {a) Emulsified asphalt shall be 
homogeneous. It shall show no separa- 
tion of asphalt after thorough mixing, 
within 30 days after delivery, provided 
separation has not been caused by 
freezing. 

(5) Emulsified asphalt (slow-setting) 
for fine aggregate mixes shall conform 
to the following requirements: 


Viscosity, SayboltFurol, 60 /not less than 20 sec., and not 

ml. at 25 C- (77 F.) 1 more than 100 sec. 

Residue by evaporation at . j 

163 C. (325 F.) or by dis- than 57 per cent, and 

tillation more than 62 per cent 

Sieve test — .... not more than 0.05 per cent 


* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

* Prior to adoption as standard, these specifications were 
{wblished as tentative from 1941 to 1943. 


Modified miscibility with 

water®.. difference of asphalt residue 

not more than 4.5 per cent 
Cement mixing test not more than 2.0 per cent 


* If the sample of emulsified asphalt being tested fails 
to conform to this requirement for modified miscibility, 
the sample shall be tested for S-day settlement and for 
miscibility, and if the numerical difference, between the 
average percentages of asphaltic residue in the S-day 
settlement test is less than 3, and if the standard misci- 
bility test shows no appreciable coagulation in 2 hr., then 
the emulsified asphalt shall be considered as conforming 
to these specifications and shall be accepted. 


(c) Residue , — ^Tbe residue obtained 
from evaporation or distillation shall 
conform to the following requirements: 


Penetration at 25 C. (77 F.), 

100 g., S sec 100 to 200 

Soluble in carbon disulfide: 

Petroleum asphalts 

Native asphalts 

Ash 

Ductility at 25 C. (77 F.) 

Specific gravity at 25 


not less than 97.0 per cent 
not less than 95 per cent 
not more than 2 per cent 
not less than 60 cm. 


(77 F.) not less than 1.00 


Basis of Purchase 


3, Prior to the award of the order or 


contract, a sample may be tested by the 
purchaser, and if it fails to comply with 
the specification requirements, the bid 
accompanying the sample shall be re- 
jected. Prior to any shipments being 
made on projects requiring 20,000 gal. 
or more, a sample shall be taken, under 


526 



SPEcmcATiONS EOR EMULSIFIED Asphalt (D 631 - 43) 


527 


the supervision of the purchaser, from 
a lot of not less than 20,000 gal, of the 
emulsified asphalt and shall be kept in a 
clean, airtight, sealed container at a 
temperature of not less than 4 C. 
(40 F.) until tested. 

Sampling 

4. At least one sample of not less 
than 1 gal. shall be taken from each lot 
or shipment of the emulsified asphalt 
after arrival at its destination. The 
samples shall be stored in clean, air- 


tight containers at a temperature of not 
less than 4 C. (40 F.) until tested. 

Methods of Testing 

5, The properties enumerated in these 
specifications shall be determined in 
accordance with the Standard Methods 
of Testing Emulsified Asphalts (A.S. 
T.M. Designation: D 244) of the Ameri- 
can Society for Testing Materials.® 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Standard Specifications fior 
MEDIUM-SETTING EMULSIFIED ASPHALT^ 

FOR COARSE AGGREGATE PLANT MIXES 



A.S.T.M. Designation; D 397 - 39 
Adopted, 1939.* 

This Standard of the American Society for Testing Materials is issued under, 
the fixed designation D 397; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover a me- 
dium-consistency emulsified asphalt for 
plant mixes with coarse aggregate, sub- 
stantially all of which is retained on a 
|-in. sieve and with practically no 
material passing a No. 200 (74-micron) 
sieve. 


Properties and Tests 


2. (a) Emulsified asphalt shall be 
homogeneous. It shall show no separa- 
tion of asphalt after thorough mixing, 
within 30 days after delivery, provided 
separation has not been caused by 
freezing. 

(5) Emulsified asphalt for coarse ag- 
gregate plant mixes shall conform to the 
following requirements: 


Viscosity, Saybolt Furol, 

60 ml. at 2S C. (77F.) 

Residue by distillation... | 
Settlement, S days 


not less than 100 sec. 
not less than 60 per cent, and 
not more than 65 per cent 
not more than S 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1934 to 1939, being re- 
vised in 1936 and 1939. 


Demulsibility,® 50 ml. of 

0.10 iV CaCli not more than 30 per cent 

Sieve test not more than 0.10 per cent 

Miscibility with water no appreciable coagulation in 

2 hr. 

Coating test it shall not show appreciable 

separation when mixed with 
washed, dry, clean stone for 

3 min. and shall coat the 
stone thoroughly. 


“ The demulsibility test shall be made within 30 days 
from date of shipment. 

(c) Residue . — The residue obtained 
from distillation shall conform to the 
following requirements: 


Penetration at 25 C. (77 F.), 

100 g., 5 sec 100 to 200 

Soluble in carbon disulfide : 

Petroleum asphalts not less than 97.5 per cent 

Native asphalts not less than 95 per cent 

Ash. not more than 2 per cent 

Ductility at 25 C. (77 F.) not less than 40 cm. 

Specific gravity at 25 C. (77 F.).not less than 1.00 

Basis of Purchase 

3. Prior to the award of the order or 
contract, a sample may be tested by the 
purchaser and if it fails to comply with 
the specification requirements, the bid 
accompanying the sample shall be re- 
jected. Prior to any shipments being 
made on projects requiring 20,000 gal. 
or more, a sample shall be taken, under 
the supervision of the purchaser, from 
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a lot of not less than 20,000 gal. of the 
emulsified asphalt and shall be kept in 
a clean, airtight, sealed container at a 
temperature of not less than 4 C. (40 F.) 
until tested. 

Sampling 

4. At least one sample of not less than 
1 gal. shall be taken from each lot or 
shipment of the emulsified asphalt after 
arrival at its destination. The samples 
shall be stored in clean, airtight con- 


tainers at a temperature of not less than 
4 C. (40 F.) until tested. 

Methods of Testing 

5. The properties enumerated in these 
specifications shall be determined in 
accordance with the Standard Meth- 
ods of Testing Emulsified Asphalts 
(A.S.T.M. Designation: D 244) of the 
American Society for Testing Mate- 
rials.^ 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 



Standard Specifications for 
MEDIUM-SETTING EMULSIFIED ASPHALT' 

FOR RETREAD AND COARSE AGGREGATE MIXES 



A.S.T.M. Designation: D 398 - 39 

Adopted, 1939.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 398; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover a low- 
consistency emulsified asphalt for re- 
tread mixes with coarse aggregate, sub- 
stantially all of which is retained on a 
|-in. sieve and with practically no ma- 
terial passing a No. 200 (74-micron) sieve. 

Properties and Tests 

2. (a) Emulsified asphalt shall be 
homogeneous. It shall show no separa- 
tion of asphalt after thorough mixing, 
within 30 days after delivery, provided 
separation has not been caused by 
freezing. 

(&) Emulsified asphalt for retread and 
coarse aggregate mixes shall conform to 
the following requirements: 


Viscosity, Saybolt Purol, 
60ml. at 2.^ C. (77 F.)... 

Residue by distillation... 
Settlement, 5 clays 


[not less than 20 sec., and 
\not more than 100 sec. 

[not less than 55 per cent, and 
\not more than 60 per cent 
.not more than 5 


I Under the standardization procedure of the Society, 
these^ specifications are under the jurisdiction of the 
A.S.T.M. Committee D4 on Road and Paving Materials. 

» Prior to adoption as standard, these specifications 
were published as tentative from 1934 to 1939, being re- 
vised in 1939. 


Demulsibility,® 50 ml. of 

0.10 N CaClt not more than 30 per cent 

Sieve test not more than 0.10 per cent 

Miscibility with water no appreciable coagulation in 

2 hr. 

Coating test it shall not show ajspreciable 

separation when mixed with 
washed, dry, dean stone for 

3 min. and shall coat the 
stone thoroughly. 


^ The demulsibility test shall be made within 30 days 
from date of shipment. 


(c) Residue . — The residue obtained 
from distillation shall conform to the 
following requirements: 


Penetration at 25 C. (77 F.), 

100 g., 5 sec 100 to 200 

Soluble in carbon disulfide: 

Petroleum asphalts not less than 97.5 per cent 

Native asphalts not less than 93 per cent 

Ash... not more than 2 per cent 

Ductility at 25 C. (77 F.) not less than 40 cm. 

Specific gravity at 25 C. (77 F.) .not less than 1.00 


Basis of Purchase 

3. Prior to the award of the order or 
contract, a sample may be tested by the 
purchaser and if it fails to comply with 
the specification requirements, the bid 
accompanying the sample shall be re- 
jected. Prior to any shipments being 
made on projects requiring 20,000 gal. 
or more, a sample shall be taken, under 
530 



Specifications for EMtJt^fiED Asphalt (1)398-39) 


531 


the supervision of the purchaser, from 
a lot of not less than 20,000 gal. of the 
emulsified asphalt and shall be kept in a 
clean, airtight, sealed container at a tem- 
perature of not less than 4 C. (40 F.) until 
tested. 

Sampling 

4. At least one sample of not less than 
1 gal. shall be taken from each lot or 
shipment of the emulsified asphalt after 
arrival at its destination. The samples' 
shall be stored in clean, airtight con- 


tainers at a temperature of not less than 
4 C. (40 F.) until tested. 

Methods of Testing 

5. The properties enumerated in these 
specifications shall be determined in 
accordance with the Standard Meth- 
ods of Testing Emulsified Asphalts 
(A.S.T.M. Designation: D 244) of the 
American Society for Testing Mate- 
rials.3 

5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Standard Specifications for 
MEDIUM-SETTING EMULSIFIED ASPHALT^ 

HEAVY PREMIX—SUMMER GRADE 



A.S.T.M. Designation : D 399 - 39 

Adopted, 19393 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 399; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover a high- 
consistency heavy-premix grade of emul- 
sified asphalt, for plant mix or patching 
with coarse aggregate, substantially all 
of which is retained on a f-in, sieve 
and with practically no material passing 
a No. 200 (74-micron) sieve. 


(c) Residue . — The residue obtained 
from distillation shall conform to the 
following requirements: 

Penetration at 2S C. (77 F.), 

100 g., 5 sec 100 to 200 

Soluble in carbon disulfide: 

Petroleum asphalts not less than 97. S per cent 

Native asphalts., not less than 95 per cent 

Ash not more than 2 per cent 

Ductility at 25 C. (77 F.) not less than 40 cm. 

Specific gravity at 25 C. (77 P.) .not less than 1 .00 


Properties and Tests 


2. {a) Emulsified asphalt shall be 
homogeneous. It shall show no separa- 
tion of asphalt after thorough mixing, 
within 30 days after delivery, provided 
separation has not been caused by freez- 
iag. 

(&) Emulsified asphalt (heavy pre- 
mix — summer grade) shall conform to 
the following requirements; 

Residue by distilla- 
tion — not less than 65 per cent 

Sieve test not more than 0.10 per cent 

Miscibility with waler.no appreciable coagulation in 2 hr. 
Coating test it shall not show appreciable sep- 

aration when mixed with washed, 
dry, clean stone for 3 min. and shall 
coat the stone thoroughly. 


1 Under the standardization procedure o£ the Society, 
lliese specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials 
’ Prior to adoption as standard, these specifications 
were published as tentative from 1934 to 1939, being re- 
vised in 1936 and 1939. 


Basis of Purchase 

3. Prior to the award of the order or 
contract, a sample may be tested by the 
purchaser and if it fails to comply with 
the specification requirements, the bid 
accompanying the sample shall be re- 
jected. Prior to any shipments being 
made on projects requiring 20,000 gal. 
or more, a sample shall be taken, under 
the supervision of the purchaser, from 
a lot of not less than 20,000 gal. of the 
emulsified asphalt and shall be kept in a 
clean, airtight, sealed container at a tem- 
perature of not less than 4 C. (40 F.) 
until tested. 

Sampling 

4, At least one sample of not less than 
1 gal. shall be taken from each lot or 
shipment of the emulsified asphalt after 
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arrival at its destination. The samples 
shall be stored in dean, airtight con- 
tainers at a temperature of not less than 
4 C. (40 F.) until tested. 

Methods of Testing 

5. The properties enumerated in these 
specifications shall be determined in 


accordance with the Standard Meth- 
ods of Testing Emulsified Asphalts 
(A.S.T.M. Designation: D 244) of the 
American Society for Testing Mate- 
rials.® 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Standard Specifications for 
QUICK-SETTING EMULSIFIED ASPHALT^ 

IFOR PENETRATION AND SURFACE TREATMENT 



A.S.T,M. Designation; D 401 - 40 
Adopted, 1940.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 401; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover emulsi- 
fied asphalt (quick-setting) for penetra- 
tion and surface treatment. 

Properties and Tests 

2. (fl) Emulsified asphalt shall be 
homogeneous. It shall show no separa- 
tion of asphalt after thorough mixing, 
within 30 days after delivery, provided 
separation has not been caused by 
freezing. 

(h) Emulsified asphalt (quick-setting) 
for penetration and surface treatment 
shall conform to the following require- 
ments; 

Viscosity, Saybolt Furol, /not less than 20 sec., and 

60 ml. at 2S C. (77 F.) .. (not more than 100 sec. 

to dMlhta... {S 

Settlement, S days.. not more than 3 

Demulsibihty.a® 35 ml. of 

0.02 iV Cads not less than 60 per cent 

Sieve test .not more than 0.10 per cent 


“ The demulsibility test shall be made within 30 days 
from date of shipment. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infrinRoment of Letters Patent nor assume any such 
liability, and such publication should not be construed 
ns a recommendation of any patented or proprietary ap- 
plication that may be involved. 

! Prior to adoption as standard, these specifications 
were published as tentative from 1936 to 1940, being re- 
vised in 1936, 


(c) Residue . — The residue obtained 
from distillation shall conform to the 
folio vving requirements: 

Penetration at 2S C. (77 F.), 

100 g., 5 sec 100 to 200 

Soluble in carbon disulfide: 

Petroleimr asphalts not less than 97.5 per cent 

Native asphalts not less than 95 per cent 

Ash not more than 2 per cent 

Ductility at 25 C. (77 F.) not less than 40 cm. 

Specific gravity at 25 C. (77 F.) not less than 1.00 

Basis of Purchase 

3. Prior to the award of the order or 
contract, a sample may be tested by the 
purchaser and if it fails to comply with 
the specification requirements, the bid 
accompanying the sample shall be re- 
jected, Prior to any shipments being 
made on projects requiring 20,000 gal. 
or more, a sample shall be taken, under 
the supervision of the purchaser, from 
a lot of not less than 20,000, gal. of the 
emulsified asphalt and shall be kept in a 
clean, airtight, sealed, glass or black iron 
container at a temperature of not less 
than 4 C. (40 F.) until tested. 

Sampling 

4. At least one sample of not less than 
1 gal. shall be taken from each lot or 
shipment of the emulsified asphalt after 
arrival at its destination. The samples 
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shall be stored in' clean, airtight, glass or 
black iron containers at a temperature 
of not less than 4 C. (40 F.) until tested. 

Methods of Testing 
5 , The properties enumerated in these 
specifications shall be determined in 


accordance with the Standard Methods 
of Testing Emulsified Asphalts (A.S. 
T.M. Designation: D 244) of the Ameri- 
can Society for Testing Materials.® 



Standard Specifications for 
ASPHALT FILLER FOR BRICK PAVEMENTS' 



A.S.T.M. Designation: D 241 - 43 
Adopted, 1943.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 241; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover asphalt 
filler for brick pavements. 

General Requirements 

2. The asphalt filler shall be free 
from water and shall ^ not foam when 


Methods of Testing 
4. The material shall be sampled and 
the properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of test of the American Society for Test- 
ing Materials: 


TABLE I.-REQUIREMENTS FOR ASPHALT FILLER. 



Grade A j 

Grade B 


Min. 

Max. 

Min. 

Max. 

Softening point (ring-and-ball method) 

167 F. ( 75 C.) 

185 F. ( 85 C.) 

214 F. (101 C.) 

230 F. (110 C.) 

Flash point (Cleveland open cup) 

469 F. (243 C.) 

482 F. (250 C.) 

Penetration: 




0 C. (32 F.), 200 g., 1 rain 

15 


12 


25 C. (77 F.), 100 g., S sec i 

30 

40 

23 

32 

46 C. (US F.),50g., Ssec 

Ductility at 25 C. (77 F.) , (5 era. per min.) , cm 

Loss on heating at 163 C. (325 F ), SO g., S hr., per 

■ -g- 

80 

'i'.s 

47 





cent 

Total bitumen soluble in carbon disulfide, per cent . 

99 !6 

1.0 

99 '.3 

0.3 

Proportion of bitumen soluble in carbon tetra- 



chloride, per cent '. 

99.0 


99.3 



heated to a temperature of 177 C. 
(350 F.) for grade A, or 230 C. (446 F.) 
for grade B . Grade B is the low-exuding 
type. 

Properties 

3. The filler shall conform to the re- 
quirements prescribed in Table I. 

I XJaderLlie standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T,M . Committee D-4 on Road and Paving Materials. 

^ Prior to adoption as standard, these specifications 
were published as tentative from 1926 to 1943, being re- 
vised in 1939. 


id) Sampling , — ^Tentative Methods of 
Sampling Bituminous Materials (A.S. 
T.M. Designation: D 140).® 

(6) Softening Point . — Standard Meth- 
od of Test for Softening Point of Bitumi- 
nous Materials (Ring-and-Ball Method) 
(A.S.T.M. Designation: D 36).® 


» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(c) Flash Point . — Standard Method 
of Test for Flash and Fire Points by 
Means of Open Cup (A.S.T.M. Desig- 
nation: D 92).® 

(d) Penetration . — Standard Method of 
Test for Penetration of Bituminous 
Materials (A.S.T.M. Designation: D 5).® 

(e) Loss on Heating . — Tentative 
Method of Test for Loss on Heating of 
Oil and Asphaltic Compounds (A.S.T.M, 
Designation: D 6).® 


(/) Ductility . — Standard Method of 
Test for Ductility of Bituminous Mate- 
rials (A.S.T.M. Designation: D 113),® 

(g) Bitumen Soluble in Carbon Disul- 
fide . — Standard Method of Test for 
Determination of Bitumen (A.S.T.M. 
Designation: D 4),® 

(A) Bitumen Soluble in Carbon Tetra- 
chloride . — Standard Method of Test for 
Proportion of Bitumen Soluble in Car- 
bon Tetrachloride (A.S.T.M. Designa- 
tion: D 165).® 


Standard Specifications for 
COAL-TAR PITCH FOR STONE BLOCK FILLER' 



, A.S.T.M. Designation: D 112-30 
Adopted, 1930.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 112; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover coal-tar 
pitch suitable for use as a filler between 
stone block in pavements. 


Properties 

2. The coal-tar pitch shall conform to 
the fpllowing requirements: 


Water 

Softening point (cube-in-water 
method) 


Distillation test; 

Total distillate by weight, 0 to 

300 C. (32 to 572 F.) 

Residue by weight 

Specific gravity at 38 C. (100.4 F.) 
of total distillate to 300 C. (572 

F.). 

Softening point (cuhe-in-water 
method) of residue from distilla- 
tion test 

Ductility at 50 to 100 penetration,^ 

at 25 C. (77 F.) 

Total bitumen (soluble in carbon 
disulfide) 


0.00 per cent 

46 to 57 C. (US to 
135 F.)“ 


14.00 per cent, max. 

86.00 per cent, min. 


1.02 min. 

75 C. (167 F.), max. 
SO cm., min. 

65,0 to SO.O per cent 


“ The softening point (cube-in-water method) specified 
should have a range of not over 10 F. within the above 
limits. The range, within the limits of 46 to 57 C. (US to 
135 F.) should vary wdth the use of the material, for 
example, if used in admixture with sand, in a northern 
locality or a southern locality. The softening point range 
within the above limits, should also vary according to the 
chamcter of the paving. 

The penetration of the pitch shall be brought within 
the range of 50 to 100 penetration by heating in an open 
vessel with frequent stirrings at a temperature of not over 
350 F. 


Methods of Testing 


3. The properties enumerated in these 


specifications shall be determined in 
accordance with the following methods 
of test of the American Society for 
Testing Materials: 

{a) Percentage of Water. — Standard 
Method of Test for Water in Petroleum 
Products and Other Bituminous Mate- 
rials (A.S.T.M. Designation: D 95).® 

(6) Softening Point. — Standard Meth- 
od of Test for Softening Point of Tar 
Products (Cube-in-Water Method) (A.S. 
T.M. Designation: D 61).® 

(c) Distillation. — Standard Method of 
Test for Distillation of Tar Products 
Suitable for Road Treatment (A.S.T.M. 
Designation: D 20).® 
id) Ductility. — Standard Method of 
Test for Ductility of Bituminous Mate- 
rials (A.S.T.M. Designation: D 113).'' 

{e) Total Bitumen. — Standard Meth- 
od of Test for Determination of Bitumen 
(A.S.T.M. Designation: D 4).® 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T,M. Committee D-4 on Road and Paving Materials. 

* Prior to adoption as standard, these specifications 
were'published as tentative from W21 to 1930, being re- 
vised in 1922, 1923, and 1927. Editorially revised and re- 
arranged in 1939. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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ASPHALT PLANKi 



A.S.T.M. Designation: D 517 - 40 
Adopted, 1940.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 517; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover asphalt 
plank of two types as used for bridge 
floors: 

(а) Plain asphalt plank, and 

(б) Mineral-surfaced asphalt plank. 

Note. — Plain asphalt plank conforming to 
these specifications are also suitable for water- 
proofing protection where a solid bridge floor 
carries ballasted railroad track. 

Manufacture 

2. Asphalt plank shall be formed by 
the extrusion of a mixture of asphalt, 
fiber, and mineral aggregate under 
sufficient pressure to expel the entrapped 
air and form a dense mass. 

Mineral Surfacing 

3. ’ In the case of mineral-surfaced 
asphalt plank, at least 15 oz. per sq. ft. 
of tough, hard, durable, coarse aggregate 
(well-graded from No. 4 (4760-micron)® 

1 UiKler_ the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1938 to 1940. 

’ Detailed requirements for this sieve are given in the 
Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11) , which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 


to f in. square-opening sieves) shall be 
embedded under pressure into one sur- 
face of the freshly-extruded hot plank 
to such a depth that none extends above 
the intended wearing surface. The top 
surface of the mineral surfacing shall 
not be covered with the matrix of the 
plank proper. 

Workmanship 

4. The asphalt plank shall be free 
from defects affecting its serviceability 
and appearance; it shall have straight 
edges and square corners. 

Asphalt Cement 

5. The asphalt cement shall have such 
characteristics that, when combined with 
the other ingredients, a plank of desired 
quality will result. 

Fiber 

6. The fibrous material shall consist 
of finely divided whole threads or fiber 
free from lumps, and when used it shall 
be in a flocculent condition. This fabric 
and fibrous material shall be free from all 
foreign materials such as metal, leather, 
straw, sawdust, cornstalks, or other 
deleterious materials. 
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Mineral Filler 

7. The mineral filler shall consist of 
finely crushed slate, limestone, asbestos, 
silica, or other aggregate which has been 
proven suitable for use with asphalt 
cement in constructing pavement wear- 
ing surfaces. 

Dimensions 

8. Asphalt plank shall have the dimen- 
sions specified or shown on the plans. 
Tolerances of plus or minus ^ in. in 
thickness, plus or minus | in. in width, 
and plus or minus in. in length will be 
permitted. 

Note. — T he following thicknesses are recog- 
nized as standard: -f in., 1 in., 11 in., 1-2 in., and 
2 in. 

Absorption 

9. The absorption of asphalt plank 
shall not exceed 1.0 per cent by weight. 

Brittleness 

10. At least SO per cent of the speci- 
mens of each thickness of plank tested 
shall not show any detrimental cracking 
when tested in accordance with the 
method described in Section 16. 

Indentation 

11. The indentation of asphalt plank, 
irrespective of thickness, when sub- 
jected to the loads prescribed in Section 
17, shall be within the following limits: 

(а) At 77 F. {25 C.), at the end of 1 
min . — Not less than 12 mils nor more 
than 27 mils. 

(б) At 77 F. {25 C.), at the ettd of 
10 min . — Not more than that specified 
in the following table, corresponding 
to the indentation at 1 min. : 


Indentation Recorded 

Maximum Indentation 

at 1 min., mils 


(to the nearest 1 mil) 

(to the nearest 0.5 mil) 

12 .... 

21.5 

13 

23.0 

14 

24.0 

IS. 

25,5 

16.... 

27.0 



Maximum Indentation 


at 10 min., mils 

(to the nearest 1 mil) 

(to the nearest O.S mil) 

17... 

28.5 

18 

30.0 

19 

31.0 

20 

32.5 

21 

33.5 

22 

35.0 

23 

36.5 

24 

37.5 

25 

39.0 

26 

40.0 

27 

41.5 


{c) At 125 F. {51.7 C.), at the end of 
30 sec . — Not less than 35 mils nor more 
than 70 mils. 

{d) At 125 F. {51.7 C.), at the end of 
300 sec.— Not more than that specified 
in the following table (or interpolated 
therefrom) corresponding to the indenta- 
tion at 30 see. : 


Indentation Recorded 

Maximum Indentation 

at 30 sec., mils 

at 300 sec., mils 

(to the nearest 1 mil) 

(to the nearest O.S mil) 

35 

70.0 

40 '. .... 

77.0 

45 

85.0 

50 

93.0 

55 

100.0 

60 

108.0 

65 

116.0 

70 

125.0 


Sampling and Methods op Testing 
Sampling 

12. For purpose of tests, three planks 
shall be taken at random by the pur- 
chaser for each 1000 planks, or fraction 
thereof, of each thickness included in the 
shipment. 

Inspection 

13. Plank from each lot shall be exam- 
ined for appearance, straightness of 
edges, and squareness of corners, and 
measured for width and length. They 
shall also be calipered at four scattered 
points each, with a micrometer having 
flat bearing surfaces at both contact 
points of not less than | in. in diameter. 
The average of the readings shall be 
considered the thickness of the plank. 
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Weight of Mineral Surfacing 

14. The weight of mineral aggregate 
shall be determined by removing the 
mineral surfacing aggregate from not 
less than 1 sq. ft. of mineral surfaced 
asphalt plank. The aggregate shall be 
cleaned with any suitable solvent, dried, 
and sieved on a No. 8 (2380-micron) 
sieve.® The amount of aggregate on 
the sieve shall be weighed and the 
weight of aggregate per square foot 
determined. 

Absorption Test 

15. A specimen 2 by 6 in. shall be cut 
from the asphalt plank in such a manner 
that all edges are freshly cut. The 
specimen shall be accurately weighed 
to the nearest 0.10 g., immersed in water 


TABLE I.— NAIL SIZES REQUIRED TOR 
BRITTLENESS TEST. 


Thickness 
of Asphalt 
Plank, in. 

Nail Size 

A.S.&W. 

Gage 

No. 

Diameter, 

in. 

f 

.. 12 d. 

9 

0.148 

1 

.. 16 d. 

8 

0.162 

u 

.. 20 d. 

6 

0.192 

H 

.. 30 d. 

5 

0.207 

2 

.. 30 d. 

5 

0.207 


for 24 hr., removed, and the surface 
water wiped off with a slightly dampened 
cloth. The specimen shall then be 
weighed to the nearest 0.10 g. and the 
percentage of absorption determined. 
The time elapsing between the removal 
of the specimen from the bath and its 
weighing shall not exceed 1 min. 

Brittleness Test 

16. Two 6 by 6-in. specimens shall be 
cut from each of the three sample 
planks selected in accordance with 
Section 12. Five of these specimens 
shall be tested as follows; The specimens 
shall be immersed in a water bath and 
maintained at a temperature of 39 to 
43 F. (4 to 6 C.) for not less than 3 hr., 
and then tested immediately upon their 
removal from the water bath. A 


smooth, common nail of the size specified 
in Table I shall be driven into the face 
at each of two diagonally opposite 
corners of the specimen not less than 1| 
in. nor more than 2 in. from each edge, 
but not directly over a piece of mineral 
surfacing aggregate. The specimen 
shall be supported over its entire base 
with a timber block 7 by 7 by 1| in. 
and the nails shall be driven vertically 
with repeated blows from a 10-lb. weight 
falling freely from a constant height of 
20 in. above the level of the initial top of 
the nail or striking assembly. The 
height shall not be adjusted to com- 
pensate for the increased fall caused by 
the penetration of the nail. The nails 
shall be supported by a collar or other 
similar assembly that will hold the nail 
in a vertical position without friction. 
Should a nail strike a piece of aggregate 
covered by the planking matrix, as 
shown by bending of the nail or by its 
deflection from the vertical, the specimen 
shall be discarded and the test repeated 
on a new specimen. The nails shall 
penetrate through the asphalt plank, 
without detrimental cracking, to a depth 
of not less than 1 in. into the timber 
block. Cracking shall be considered 
detrimental when the cracks extend to a 
point nearer than ^ in. to an edge. 

Indentation Test 

17. Two 6 by 6-in. specimens from 
each set of sample planks selected in 
accordance with Section 12 shall be 
subjected to the following indentation 
tests: The specimens shall be brought 
to a temperature of 77 ± 1 F. (25 d= 
0.5 C.) by immersing them in a water 
bath at this temperature for not less 
than 2 hr. nor more than 4 hr. Speci- 
mens shall also be immersed in water at 
this temperature during the test. A rod 
or needle with a hemispherical end 1 in. 
in diameter shall be applied to the 
surface (in case of mineral-surfaced 
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plank, the test surface of the specimen 
shall be the face that does not contain 
mineral surfacing aggregate) of the 
specimen with a load of 2 lb., the speci- 
men being supported on a polished steel 
plate.^ The indentation indicating mi- 
crometer dial shall be adjusted to zero 
and an additional load of 28 lb. applied 
to the rod or needle. The transfer of 
the 28-lb. load to the rod shall be com- 
pleted within 10 sec. following the zero 

* The indentation test may be made with relatively 
simple apparatus which can be constructed with little 
expense in .almost any laboratory. Where convenience 
and portability of the indentation apparatus are particu- 
larly desirable, the portable indenter devised by J. W. 
McBurney for indentation testing of asphalt tile (J. W. 
McBurney, “Indentation of Asphalt Tile,” Proceedings, 
Am. Soc. Testing Mats, Vol. 34, Part II, p. 591 (1934)) 
complies with all the above stated requirements for ap- 
paratus to make the test. Adaptation of the McBurney 
indentation test method to asphalt plank has been de- 
scribed in a paper by H. W. Greider and Henri Marc, 
“Indentation and Compression Shear Tests for Determin- 
ing Service Stability of Asphalt Plank,” Proceedings, Am. 
Soc. Testing Mats., Vol. 37, Part II, p. 530 (1937). 


adjustment of the micrometer dial 
The readings of the dial at the end of 1 
min. and 10 min. from the time of appli- 
cation of the total load shall be taken as 
the measure of indentation. The l-min. 
and 10-min. indentation readings shall 
be taken at three scattered points on 
each specimen. The average of the 
three sets of readings shall be recorded 
as the l-min. and 10-min. indentations. 
The test shall be repeated at 125 ± IF. 
(51.7 ± 0.5 C.), the readings at three 
points being taken at the end of 30 sec. 
and 300 sec. If the average indentation 
of either specimen (or more than one 
single reading of the three made at each 
time period) measured as specified above 
fails to meet the specified requirements 
in any test, the plank represented by the 
sample shall be considered to have failed. 
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AMERICAN STANDARD 
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Standard Method of Test for 
DETERMINATION OF BITUMEN^ 



A.S.T.M. Designation: D 4 - 42 
Adopted, 1927; Revised, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 4; the final narriber indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
the determination of bitumen in ma- 
terials containing at least 25 per cent 
bitumen. Bitumen may usually be ex- 
peditiously and accurately determined 
by method No. 1, Section 5. In the case 
of certain native asphalts containing 
finely divided mineral matter, the min- 
eral residue is not easily retained by 
the filter and it is necessary to use 
method No. 2, Section 6, in order to 
obtain accurate results. Method No. 2 
shall not be used unless the filter clogs 
unduly or unless the mineral matter pas- 
sing through the filter exceeds 0.5 per 
cent. 

Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Gooch Crucible, approximately 4.4 
cm. in width at the top, tapering to 3.6 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Comrnittee D-4 on Road and Paving Materials. 

* Prior to its present adoption as standard, this method 
was published as standard from 1911 to 1923, but with- 
drawn and republished as tentative from 1923 to 1927, be- 
ing revised in 1926 and 1927. 


cm. at the bottom, with a depth of 2.5 
cm. 

(6) Asbestos (amphibole), Gooch grade, 
acid washed, cut in pieces not exceeding 
1 cm. in length, shredded, and shaken 
up with water. 

(c) Flasks. — ^Two 125-ml. conical flasks 
such as Erlenmeyer flasks. 

(d) Filtering Flask. 

(e) Filter Tube. 

(/) Section of Rubber Tubing, to hold 
the Gooch crucible on the filter tube. 

(g) Drying Omn. 

(k) Bunsen Burner. 

(f) Suction Pump. 

(j) Analytical Balance. 

(k) Desiccator. 

Preparation of Sample 

3. The sample shall be representative, 
and if it contains more than 2 per cent 
of water it shall be dehydrated by dis- 
tillation in a copper still in accordance 
with the Standard Method of Test for 
Water in Creosote (A.S.T.M. Desig- 
nation; D 370) of the American Society 
for Testing Materials,® and the water- 
free distillate returned to the residue. 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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If the material is hard and brittle, it may 
be ground, and dried at a temperature 
below the temperature of volatilization 
of the material. 

Preparation of Gooch Crucible 

4. Insert the filter tube in the stopper 
of the filtering flask, set the Gooch 
crucible in the filter tube, and connect 
the flask to the suction pump. Fill the 
crucible with some of the suspension of 
asbestos in water, allow it partly to 
settle in the crucible, and apply a light 
suction to draw off the water, leaving a 
firm mat of asbestos in the crucible. 
Add more suspended asbestos and repeat 
the process until a mat is built up that 
weighs 0.5 ± 0.1 g. after ignition (Note). 
Wash the asbestos mat thoroughly with 
water, dry in the oven and ignite over a 
bunsen burner. Cool the crucible in the 
desiccator, weigh, and replace it in the 
dry filter tube supported in the clean, 
dry filtering flask. 

Note. — ^In the determination, the asbestos 
apparently adsorbs irreversibly a small amount 
of soluble bitumen (usually 1 to 5 mg. per gram 
of asbestos) which is not removed by subsequent 
washing with solvent. The weight of asbestos 
used, therefore, should be kept within the speci- 
fied limits to insure reproducible results. ' 

Method No. 1 

Procedure 

5. (a) Weigh approximately 2 g. of 
the sample into a tared conical flask, 
and add 100 ml. of c.p, carbon disulfide 
to the flask in small portions with 
continued agitation until all lumps 
disappear and nothing adheres to the 
bottom of the flask. Then stopper the 
flask and set aside for 15 min. 

(b) Decant the carbon disulfide solu- 
tion carefully through the asbestos mat 
in the prepared Gooch crucible, with or 
without light suction as may be neces- 
sary, retaining as much of the sediment 
as possible in the conical flask until the 
solution has drained through the mat. 
With a small amount of carbon disulfide 


wash down the sides of the flask and 
transfer the sediment and precipitate 
from the flask to the asbestos mat. The 
flask may be scrubbed with a feather if 
necessary in order to remove all of the 
precipitate. Wash the contents of the 
crucible with carbon disulfide until the 
washings are colorless, then apply suc- 
tion to remove the carbon disulfide. 
Dry the crucible in the oven at 100 to 
125 C. for 20 min., cool in the desiccator, 
and weigh. The increase in weight over 
the original weight is the weight of 
matter insoluble in carbon disulfide. 
Ignite the crucible at a red heat and after 
thorough ignition, cool, and weigh. 
The weight of the insoluble matter after 
ignition is the weight of ash. 

(c) If insoluble matter adheres to the 
flask, dry the flask, and weigh. Add the 
increase in weight over the original 
weight to the weight of insoluble matter 
in the Gooch crucible. 

(d) In case there is any question 
involving the amount of mineral matter 
that may have passed through the filter, 
evaporate the filtrate, and burn the 
bituminous residue. If a carbonate 
mineral is present in the filtrate ash, 
add to the ash a few drops of ammonium 
carbonate solution, and dry at 100 C., 
then heat for a few minutes to a dull reel 
heat, and cool in the desiccator. Weigh, 
and add the weight of ash obtained to 
the weight of matter insoluble in carbon 
disulfide. 

Note. — ^In the event that water-soluble salts 
which are insoluble in carbon disulfide are pres- 
ent, the amount of these salts may be determined 
in accordance with the procedure described in 
the 1937 Report of Committee D-4 on Road 
and Paving Materials.^ 

Method No. 2 

Procedure 

6. (a) Weigh approximately 2 g. of 
the sample into a tared conical flask, 

* Proceedings, Am. Soc. Testing Mats., Vol. 37. Part I, 
p. 395 (1937). 
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and treat with 100 ml. of c.p. carbon 
disulfide. Stopper the flask loosely, and 
shake at intervals until all large particles 
have been broken down. Then allow 
the flask to remain undisturbed for 
48 hr. 

(b) Decant the solution into a similar 
tared flask, taking care to disturb as 
little of the residue as possible. Treat 
the residue in the first flask with 100 ml. 
of c.p. carbon disulfide, shake thor- 
oughly, and allow both flasks to remain 
undisturbed for 48 hr. 

(c) Carefully decant the solution from 
the second flask upon the prepared 
Gooch crucible, filtering without the 
use of suction. Then in a similar 
manner filter the solution from the first 
flask. Wash the filter with fresh carbon 
disulfide. Add carbon disulfide to the 
residue remaining in each flask, shake 
thoroughly, and allow to settle for 24 hr. 

(d) Decant the solutions from both 
flasks through the filter. Again wash 
the residues remaining in the flasks 
with carbon disulfide, decanting and 
filtering the solutions as before. Repeat 


this treatment until the washings are 
practically colorless. Maintain the tem- 
perature between 20 and 25 C. Dry the 
crucible and the flasks at 100 to 125 C., 
and weigh. The total increase in weight 
over the total original weight is the 
weight of matter insoluble in carbon 
disulfide. Evaporate the filtrate con- 
taining the bitumen, burn the bitumi- 
nous residue, and weigh. Add the 
weight of ash thus obtained to the weight 
of insoluble matter in the Gooch crucible 
and conical flasks. The sum of these 
weights is the total weight of matter 
insoluble in carbon disulfide. 

Calculation and Report 

7. (a) Calculation . — ^The weight of 
sample taken calculated to a water-free 
basis minus the total weight of matter 
insoluble in carbon disulfide is the 
weight of bitumen. The percentages of 
bitumen and of ash shall be calculated 
on the basis of water-free material. 

(6) Report . — In every case the report 
shall indicate whether method No. 1 
or No. 2 has been employed. 



APPROVED AS 
AMERICAN STANDARD 
THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A37.12-1943 


Standard Method of Test for 

PROPORTION OF BITUMEN SOLUBLE IN CARBON 
TETRACHLORIDE! 



A.S.T.M. Designation: D 165-42 
Adopted, 1927; Revised, 1942.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 165; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the proportion of bitumen 
soluble in carbon tetrachloride. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Gooch Crucible, approximately 4.4 
cm. in width at the top, tapering to 
3.6 cm. at the bottom, with a depth of 
2.5 cm. 

{])) Asbestos (amphibole), Gooch 
grade, acid washed, cut in pieces not 
exceeding 1 cm. in length, shredded, and 
shaken up with water. 

(c) Flasks. — ^Two i25-ml. conical 
flasks such as Erlenmeyer flasks. 

(d) Filtering Flask. 

(e) Filter Tube. 

(/) Section of Rubber Tubing, to hold 
the Gooch crucible on the filter tube. 

(g) Drying Oven. 

(h) Bunsen Burner. 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T,M. 
Committee D-4 on Road and Paving Materials. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1923 to 1927, being revised in 1926 
and 1927. 


(i) Suction Pump. 

(j) Analytical Balance. 

{k) Desiccator. 

Preparation of Sample 

3. The sample shall be representative, 
and if it contains more than 2 per cent 
of water it shall be dehydrated by dis- 
tillation in a copper still in accordance 
with the Standard Method of Test for 
Water in Creosote (A.S.T.M. Designa- 
tion: D 370) of the American Society 
for Testing Materials,® and the water- 
free distillate returned to the residue. If 
the material is hard and brittle, it may 
be ground, and dried at a temperature 
below the temperature of volatilization 
of the material. 

Preparation of Gooch Crucible 

4. Insert the filter tube in the stopper 
of the filtering flask, set the Gooch 
crucible in the filter tube, and connect 
the flask to the suction pump. Fill the 
crucible with some of the suspension of 
asbestos in water, allow it partly to 
settle in the crucible, and apply a light 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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suction to draw off the water, leaving a 
firm mat of asbestos in the crucible. 
Add more suspended asbestos and repeat 
the process until a mat is built up that 
weighs 0.5 rt 0.1 g. after ignition 
(Note). Wash the asbestos mat thor- 
oughly with water, dry in the oven, and 
ignite over a bimsen burner. Cool the 
crucible in the desiccator, weigh, and 
replace it in the dry filter tube supported 
in the clean, dry filtering flask. 

Note. — In the determination, the asbestos ap- 
parently adsorbs irreversibly a small amount of 
soluble bitumen (usually 1 to 5 mg. per gram of 
asbestos) which is not removed by subsequent 
washing with solvent. The weight of asbestos 
used, therefore, should be kept within the 
specified limits to ensure reproducible results. 

Procedure 

5. (a) Weigh approximately 2 g. of 
the sample into a tared conical flask, 
and add in small portions 100 ml. of 
c.p. carbon tetrachloride with continued 
agitation until all lumps disappear and 
nothing adheres to the bottom of the 
flask. Then stopper the flask and set 
aside in subdued light for at least 12 hr. 

(b) Decant the carbon tetrachloride 
solution carefully through the asbestos 
mat in the prepared Gooch crucible, with 
or without light suction as may be 
found necessary, retaining as much of 
the sediment as possible in the conical 
flask until the solution has drained 
through the mat. With a small amount 
of carbon tetrachloride wash down the 
sides of the flask and transfer the sedi- 
ment and precipitate from the flask to 
the asbestos mat. The flask may be 
scrubbed with a feather if necessary in 
order to remove all of the precipitate. 
Wash the contents of the crucible with 
carbon tetrachloride until the washings 
are colorless, then apply suction to 


remove the carbon tetrachloride. Dry 
the crucible in the oven at 100 to 125 C. 
for 20 min., cool in the desiccator, and 
weigh. The increase in weight over the 
original weight is the weight of matter 
insoluble in carbon tetrachloride, 

(c) If insoluble matter adheres to the 
flask, dry the flask, and weigh. Add the 
increase in weight over the original 
weight to the weight of insoluble matter 
in the Gooch crucible. 

(d) In case there is any question 
involving the amount of mineral matter 
that may have passed through the filter, 
evaporate the filtrate, and burn the 
bituminous residue. If a carbonate 
mineral is present in the filtrate ash, 
add to the ash a few drops of ammonium 
carbonate solution, and dry at 100 C., 
then heat for a few minutes to a dull 
red heat, and cool in the desiccator. 
Weigh, and add the weight of ash 
obtained to the weight of matter 
insoluble in carbon tetrachloride. 

Calculation and Report 

6. (a) Calculation . — ^The weight of 
sample taken calculated to a water-free 
basis minus the total weight of matter 
insoluble in carbon tetrachloride is the 
weight of bitumen soluble in carbon 
tetrachloride. The percentage shall be 
calculated on the basis of water-free 
material. 

(&) Report . — ^The proportion of bitu- 
men soluble in carbon tetrachloride shall 
be reported on the basis of total bitumen 
taken as 100, as follows: 

_ bitumen, soluble in carbon tetrachloride 
” total bitumen 

where: 

P = proportion of bitumen soluble in 
carbon tetrachloride. 
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AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: T 52-42 


Standard Method of Test for 

DISTILLATION OF TAR PRODUCTS SUITABLE FOR 
ROAD TREATMENT^ 



A.S.T.M. Designation: D 20 -- 30 
Adopted, 1930. * 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 20; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


This method is presented without any defi- 
nition of its scope and accuracy since it is be- 
lieved that it will become applicable to a wider 
range of materials than indicated by the title. 
So far the committee has determined its accu- 
racy on one class of materials and further work 
will be done. 


Apparatus 

1. The apparatus shall consist of the 
following: 

{a) Flask. — A side-neck distillation 
flask, as shown in Fig. 1, having the 
following dimensions: 

Diameter of bulb, outside 86 ± l.S mm. 

Diameter of neck, inside. 22 ± 1.0 mm. 

Diameter of tubulature, inside 10 ± 0.5 mm. 

Height of flask, outside 131 ± 1.5 mm. 

Vertical distance bottom of bulb, outside, 
to horizontal tangent at tubulature in-' 

side 93 ±1.5 mm. 

Length of tubulature 220 ± 5.0 mm. 

Angle of tubulature 73 ± 2 deg. 

Thickness of tubulature wall 1.0 to 1.5 mm. 


1 Under the standardization procedure of the Society 
this method is under the jurisdiction of the A.S.T,M. 
Committee D-4 on Road and Paving Materials. 

2 Prior to its present adoption as standard, this method 
was published as tentative from 1911 to 1916, being revised 
in 1916. It was adopted in 1916, revised in 1918, but 
withdrawn and replaced by D 20 - 27 T which was pub- 
lished as tentative from 1926 to 1930, being revised in 1927, 
1928, and 1930. Editorially revised in 1939 and 1942. 


(b) Condenser Tube. — A suitable form 
of tapered glass condenser tube having 
the following dimensions : 

Outside diameter of small end 12.5 ± 1.5 mm 

Outside diameter of large end 28.5 ± 3.0 mm" 

Length 360.0 ± 4.0 mm' 

Length of tapered part 100.0 ±5.0 mm' 

(c) Shield. — A galvanized iron shield, 
lined with |-in. asbestos, of the form 
and dimensions shown in Fig. 2, to 
protect the flask from air currents and 
to prevent radiation. The cover (top) 
may be of transite board made in tw'o 
parts, or it may be of galvanized iron 
lined with |-in. asbestos. 

Note.— The use of the shield with observa- 
tion windows (see the Standard Method of 
Test for Distillation of Cut-Back Asphaltic 
Products (A.S.T.M. Designation: D 402) of the 
American Society for Testing Materials®) is 
permissible. 

(d) Receivers. — Tared Erlenmeyer 

flasks having a capacity of 50 to 100 ml. 

ie) Thermometer. —An A.S.T.M. High 
Distillation Thermometer, total immer- 
sion, graduated in either Centigrade or 

9 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Falirenlieit degrees as specified, having a 
range of 0 to 400 C. or 30 to 760 F. and 
conforming to the requirements for this 
thermometer as prescribed in the Stand- 
ard Specifications for A.S.T.M. Ther- 
mometers (A.S.T.M. Designation: E 1) 
of the American Society for Testing 
Materials.^ 

Note.— Under certain test conditions the 
bulb of the thermometer may be 50 F. (28 C.) 
above the temperature indicated by the ther- 
mometer, and at an indicated temperature of 
700 F. (371 C.) the temperature of the bulb is 
approaching a critical range in the glass. It is 
therefore not desirable to use this thermometer 
under such conditions at indicated temperatures 
above 700 F, (371 C.) without checking the 
ice point. 


If water is present in excess of 2.0 per 
cent, the bituminous material shall be 
dehydrated before distillation in accord- 
ance with the Standard Method of Test 
for Water in Creosote (A.S.T.M. Desig- 
nation: D 370) of the American Society 
for Testing Materials.® 

Apparatus Assembly 

4. (a) The flask shall be supported 
on a tripod or rings over two sheets of 
20-mesh wire gauze, 150 mm. square, as 
shown in Fig. 3. It shall be connected 
to the condenser tube by a tight cork 
joint. The thermometer shall be in- 
serted through a cork in the neck with 



Preparation of Sample 

2. The sample, as received, shall be 
thoroughly stirred and agitated, warm- 
ing, if necessary, to insure a complete 
mixture before the portion for analysis 
is removed. 

Dehydration of Sample 

3. The material may be tested for 
distillation without dehydration if water 
is present not to exceed 2.0 per cent. 


the top of the bulb level with the lowest 
point of juncture of the tubulature and 
neck of the flask. 

(6) The axis of the bulb of the flask 
through the center of the neck shall be 
vertical and the thermometer shall be 
aligned on this axis. 

(c) The distance from the neck of 
the flask to the outlet end of the con- 
denser tube shall be not more than 
600 nor less than 500 mm. The burner 
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should be protected from drafts by a 
suitable shield or chimney (see Fig. 3). 

Procedure 

5. (a) One hundred grams plus or 
minus 0.1 g. of the sample shall be 
weighed into the flask, the apparatus 


lation of solid distillates. The fraction 
shall be collected at the temperatures 
designated by the specifications. The 
receivers shall be changed when the 
thermometer indicates the maximum 
temperature for each fraction. When 
the maximum specified temperature of 



Shield. 


Ptanged Open-End Cylinder 
Made of 22 gage Galvanized 
Iron wUh g-in.As^esf os Lining 
Rivehd fo Medal 


Fig. 2, — Shield. 


assembled, and heat applied so that the 
first drop comes over in from 5 to 15 min. 
The distillation shall be conducted at 
the rate of between 50 and 70 drops per 
min. and the distillate collected in 
weighed receivers. (For weighing the 
receivers and fractions, a balance accu- 
rate to at least 0.05 g. shall be used.) 
The condenser tube shall be warmed 
whenever necessary to prevent aecumu- 


the test is indicated by the thermometer, 
the flame shall be removed and any oil 
which has condensed in the condenser 
tube shall be drained into the last 
fraction. 

(5) The residue shall be retained in 
the flask with the cork and thermometer 
in position until no vapors are visible, 
and it shall then be weighed. If tests 
of the residue are required, the flask 
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shall then be inclined so that the residue 
will flow around the sides, thus collecting 
any condensed vapors that may be on 
the sides of the flask, after which the 
residue shall be poured into a suitable 
receptacle and covered. If the residue 
becomes so cool that it cannot be poured 


its original position. No correction 
shall be, made for the emergent stem of 
the thermometer. 

Report 

6. The results of the distillation test 
shall be reported in percentages by 



readily from the flask, it shall be re- 
heated to a temperature not exceeding 
125 C. by holding the bulb of the flask 
in a suitable bath and not by the appli- 
cation of flame. 

(c) During the progress of the distilla- 
tion the thermometer shall remain in 


weight of water-free material. The 
following fractions are usually reported: 

Up to 170 C. 

170 to 235 C. 

235 to 270 C. 

270 to 300 C. 

Residue. 



AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: T 78-42 


Stafidard Method of 'lest for 
DISTILLATION OF CUT-BACK ASPHALTIC PRODUCTS' 



A.S.T.M. Designation: D 402 ~ 36 

Adopted, 1936.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 402; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended 
for the separation of the volatile and 
nonvolatile portions of cut-back as- 
phaltic products. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) 'Flask . — A side neck distillation 
flask, as shown in Fig. 1, having the fol- 
lowing dimensions: 


Diameter of bulb, outside 86 ± 1.5 mm. 

Diameter of neck, inside 22 ± 1.0 mm. 

Diameter of tubulature, inside. 10 ± 0.5 mm. 

Height of flask, outside 131 db 1.5 mm. 

Vertical distance bottom of 
bulb, outside, to horizontal 
tangent at tubulature, inside. 93 ± 1 .5 mm. 

Length of tubulature 220 ±5.0 mm. 

Angle of tubulature 73 ± 2 deg. 

Thickness of tubulature wall. . 1,0 to 1.5 mm. 


{b) Condenser . — ^A 250-mm. standard 
glass- jacketed condenser. The follow- 
ing dimensions are recommended (see 
Fig. 3): 

* Under the standardization procedure of the Society, 
this inethod is under the jurisdiction of the A.S.T.M, 
Committee D-4 on Road and Paving Materials. 

’ Prior to adoption as standard, this inethod was pub- 
hashed as tentative from 1934 to 1936, being revised in 193A 
Editorially revised and rearranged in 1939. 


Length of jacket excluding the 
necks 250 ± 5 mm. 

Outside diameter of adapter 
of condenser tube 23 ± 1 mm. 

Length of adapter 75 ± 5 mm. 

Outside diameter of conden- 
ser tube proper 12.5 ±0.5 mm. 

Over-all length of condenser 
tube including adapter. . . . 475 ± 25 mm. 


{c) Adapter . — An adapter of the 
curved design having a heavy wall 
(1 mm.) and reinforced top glass, with 
an angle of approximately 105 deg., 
and with a diameter at the large end of 
approximately 18 mm. The outlet end 
shall be ground to an angle of 45 ± 5 
deg. with the inside vertical. 

{d) Shield . — A galvanized iron shield, 
lined with |-in. asbestos, fitted with 
transparent covered windows, of the 
form and dimensions shown in Fig. 2, 
used to protect the flask from air cur- 
rents and to prevent radiation. The 
cover (top) may be of transite board 
made in two parts, or it may be of gal- 
vanized iron lined with |-in. asbestos. 

(«) Receivers . — Graduated cylinders, 
of uniform diameter, with a pressed or 
molded base and a lipped top. The 
over-all height shall be not less than 
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Flanged open-end cylinder 
made of 22 gage galvanized 
iron with f-m. asSesfos lining 
riveted to metal. 


Two mica windows are 
provided alright angles 
7o the end slot. 


Fig. 2.— Shield. 


iZmm. 
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24.8 cm. (9| in.) nor more than 26.0 
cm. (10| in.). The cylinder shall 
be graduated in single milliliters to 
contain 100 ml, and the graduated 
portion shall be not less than 17.78 
cm, (7 in.) nor more than 20.32 cm. 
(8 in.) in length. Each fifth gradu- 
ation shall be distinguished by a longer 
line, and the graduations shall be num- 
bered from the bottom up at intervals 
of 10 ml. The graduations shall not be 
in error by more than 1 ml. at any point 
on the scale. 

(/) Thermometer . — An A.S.T.M. High 


mixture before the portion for analysis 
is removed. 

Dehydration of Sample 
4. The material may be tested for 
distillation without dehydration if water 
is present not to exceed 2.0 per cent. 
If water is present in excess of 2.0 
per cent, the bituminous material shall 
be dehydrated before distillation in 
accordance with the Standard Method of 
Test for Water in Creosote (A.S.T.M. 
Designation: D 370) of the American 
Society for Testing Materials.® 



Distillation Thermometer, total immer- 
sion, graduated in either Centigrade or 
Fahrenheit degrees as specified, having a 
range of 0 to 400 C . or 30 to 760 F. and con- 
forming to the requirements for this ther- 
mometer as prescribed in the Standard 
Specifications for A.S.T.M. Thermom- 
eters (A.S.T.M. Designation; E 1) of the 
American Society for Testing Materials.® 

Preparation of Sample 

3. The sample, as received, shall be 
thoroughly stirred and agitated, warm- 
ing, if necessary, to insure a complete 


* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Apparatus Assembly 

5. (a) The flask shall be supported 
on a tripod or ring over two sheets of 
20-mesh wire gauze, 150 mm. square as 
shown in Fig. 3. It shall be connected 
to the condenser tube by a tight cork 
joint. The thermometer shall be in- 
serted through a cork in the neck with 
the bottom of the bulb 6.5 mm. (J in.) 
from the bottom of the flask. 

(fi) The axis of the bulb of the flask 
through the center of the neck shall be 
vertical and the thermometer shall be 
aligned on this axis. 

(c) The distance from the neck of the 
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j0.ask to the outlet end of the adapter 
shall be not more than 700 nor less 
than 600 mm. The burner should be 
protected from drafts by a suitable 
shield or chimney (see Fig. 3). 

(d) The adapter shall be adjusted 
over the end of the condenser tube so 
as to conduct the distillate into the 
receiver, and the top of the receiver 
shall be covered closely during the dis- 
tillation with a piece of blotting paper 
or its equivalent, which shall be cut so 
as to fit the adapter tightly. The 
adapter shall extend into the receiver 
at least 2.54 cm. (1 in.) but not below 
the 100-ml. mark. Unless the labora- 
tory air temperature is between 12.8 
and 18.3 C. (55 and 65 F.) the receiver 
shall be immersed up to the 100-ml. 
mark in a transparent bath maintained 
between these temperatures. 

(e) The condenser tube shall be clean 
and dry. 

Procedure 

6. (a) Two hundred milliliters'^ (calcu- 
lated from the specific gravity of the 
material at 15.5 C. (60 F.)) of the sample 
shall be weighed into the flask, the 
apparatus assembled and heat applied 
so that the first drop comes over in 
from 5 to 15 min. The distfllation 
shall be conducted at the rate of between 
50 and 70 drops per min., except that 
near the end of the distillation the heat 
input shall not be so rapid as to result 
in a temperature in excess of 360 C. 
(680 F.) after the flame has been 
removed. Should the sample foam, 
the distillation rate will have to be 
reduced, but the normal rate shall be 
resumed as soon as possible. If excess 
foaming persists, the distillation may be 
more easily controlled by applying the 
flame near the edge of the bulb instead 
of at the center of same. The distillate 
shall be collected in the specified receiv- 
ers,, and the volume of distillate at all 

^ In the case of persistently foaming material, one half 
of this amount may be employed. 


specified temperatures recorded. The 
volume of any separated water shall 
also be recorded. When the maximum 
specified temperature of the test is 
indicated by the thermometer, , the flame 
shall be removed and the residue 
poured immediately into a 6-oz. tin 
box, 70 mm. (2f in.) in diameter and 
45 mm. (If in.) in depth (Note), placed 
on its cover to prevent too rapid cooling 
at the bottom. Any oil which may 
remain in the condenser tube shall be 
drained into the last receiver. 

Noxe. — Containers known in the drug trade 
as seamless “ointment boxes” may be obtained ■ 
in dimensions conforming to the above require- 
ments. 

(6) As soon as no further vaporization 
is apparent, the residue shall be stirred 
to insure uniformity, and then poured 
into the necessary apparatus for the 
required tests. 

(c) During the progress of the dis- 
tillation the thermometer shall remain 
in its original position. No correction 
shall be made for the emergent stem 
of the thermometer. Temperatures to 
be observed in the distillation test shall 
be corrected for the effect of the altitude 
of the laboratory in which the test is 
made in accordance with the Standard 
Method of Test for Distillation of Gaso- 
line, Naphtha, Kerosine, and Similar 
Petroleum Products (A.S.T.M. Designa- 
tion: D 86) of the American Society for 
Testing Materials.^ 

Report 

7. The results of the distillation test 
shall be reported in percentage by vol- 
ume of water-free material The fol- 
lowing fractions are usually reported: 

Up to 225 C. (437 F.), 

Up to 316 C. (600 F.), and ' 

Up to 360 C. (680 F.). 

Additional fractions may be specified, 
such as: 

Up to 160 C. (320 F.), 

Up to 175 C. (347 F.), and 
Up to 190 C. (374 F.). 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: A37.11-1944 


AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: T 51-44 


Standard Method of Test for 
DUCTILITY OF BITUMINOUS MATERIALS' 



A.S.T.M. Designation: D 113-44 
Adopted, 1935; Revised, 1939, 1944.'^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 113; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. The ductility of a bituminous mate- 
rial is measured by tlie distance to which 
it will elongate before breaking when 
two ends of a briquet specimen of the 
material, of the form described in Section 
2, are pulled apart at a specified speed 
and at a specified temperature. Unless 
otherwise specified, the test shall be 
made at a temperature of 25 ± 0.5 C. 
(77 =h 0.9 F.) and with a speed of 5 
cm. per min. plus or minus 5.0 per cent. 
When a low-temperature ductility test 
is desired tire test shall be made at a 
temperature of 4 C. (39.2 F.) and at a 
rate of pull of 1 cm. per min. 

Apparatus 

2. (d) MoU . — The mold shall be simi- 
lar in design to that shown in Fig. 1. 
Dimensions shown in Fig. 1 shall be as 
given with the permissible variations in- 
dicated. The mold shall be made of 
brass, the ends h and V being knowm 
as clips, and the parts a and a' as 


» Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M, 
Committee D-4 on Road and Paving Materials. 

» Prior to adoption as standard, this method was pub- 
lished as tentative from 1921 to 1933, being revised in 1922. 
^926, 1932, and 193S. 


sides of the mold. The dimensions of 
the mold shall be such that, when prop- 
erly assembled, it will form a briquet 
specimen having the following dimen- 
sions; 

Total length 7.45 to 7. SS cm. 

Distance between clips 2,97 to 3.03 cm. 

Width at mouth of clip 1 .98 to 2.02 cm. 

Width at minimum cross- 
section (halfway between 

clips) 0.99 to 1.01 cm, 

Thickness throughout 0.99 to 1 .01 cm, 

(6) Water Bath . — The water bath 
shall be maintained at the specified test 
temperature, varying not more than 0.1 
C. (0.18 F.) from this temperature. 
The volume of water shall be not less 
than 10 liters, and the specimen shall 
be immersed to a depth of not less than 
10 cm. and shall be supported on a per- 
forated shelf not less than 5 cm, from 
the bottom of the bath. 

(c) Testing Machine.— Fox pulling the 
briquet of bituminous material apart, 
any apparatus may be used which is so 
constructed that the specimen will be 
continuously immersed in water as speci- 
fied in Section 3(c), while the two clips 
are pulled apart at a uniform speed, as 
specified, witliout undue vibration. 
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Procedure 

3. (a) Molding Test Specimen. — The 
bituminous material to be tested shall 
be completely melted until thoroughly 
fluid by heating it in an oil bath main- 
tained at the minimum temperature 
needed to properly liquefy the sample 
(Note). It shall then be strained 
through a No. 50 (297-micron) sieve con- 
forming to the requirements prescribed 
in the Standard Specifications for Sieves 
for Testing Purposes (A.S.T.M. Desig- 
nation: E 11) of the American Society 
for Testing Materials® and, after a 
thorough stirring, poured into the mold. 
The mold shall be assembled on a brass 
plate and, so as to prevent the material 
under test from sticking, the surface 
of the plate and interior surfaces of the 
sides a and a', Fig. 1, of the mold shall be 



Fig. 1.— Mold for Ductility Test Specimens. 

Note. — The opening in the end of each clip, as indi- 
cated by shall be half an ellipse having a transverse 
axis of 3.2 ±0.05 cm. and half of the longitudinal axis 
shall be 1.45 to 1.S5 cm. 


thoroughly amalgamated. The plate 
upon which the mold is placed shall be 
perfectly fiat and level so that the bot- 
tom surface of the mold will touch it 
throughout. In filling the mold, care 
shall be taken not to disarrange the parts 
and thus distort the briquet. In filling, 
the material shall be poured in a thin 
stream back and forth from end to end of 
the mold until it is more than level full. 
It shall be left to cool to room tempera- 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


ture for a period of from 30 to 40 min. 
and then placed in the water bath main- 
tained at the specified temperature of 
test for 30 min., after which the excess 
bitumen shall be cut off by means of a 
hot straight-edged putty knife or spatula 
so that the mold shall be just level full. 

Note. — When paving asphalt cements are 
being tested, the oil bath shall be maintained 
at a temperature of from 150 to 160 C. (302 to 
320 F.). 

{b) Keeping Specimen at Standard 
Temperature. — ^The brass plate and 
mold, with briquet specimen, shall then 
be placed in the water bath and kept at 
the specified temperature for a period 
of from 85 to 95 min., when the briquet 
shall be removed from the plate, the side 
pieces detached, and the briquet imme- 
diately tested. 

(r) Testing. — The rings at each end 
of the clips shall be attached to the pins 
or hooks in the testing machine and the 
two clips pulled apart at a uniform speed 
as specified until the briquet ruptures. 
A variation of plus or minus 5 per cent 
from the speed specified will be permis- 
sible. The distance through which the 
clips have been pulled to produce rup- 
ture shall then be measured in centi- 
meters. While the test is being made, 
the water in the tank of the testing 
machine shall cover the specimen both 
above and below it by at least 2.5 cm. 
and shall be kept continuously at the 
temperature specified within plus or 
minus 0.5 C. (0.9 F.). 

Report 

4. (a) A normal test is one in which 
the material between the two clips pulls 
out to a point or thread until rupture 
occurs at the point where the thread has 
practically no cross-sectional area. The 
average of three normal tests shall be 
taken and reported as the ductility of the 
sample. 
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(5) If the bituminous material comes 
in contact with the surface of the water 
or the bottom of the bath, the test shall 
not be considered normal. The specific 
gravity of the bath shall be adjusted by 
the addition of either methyl alcohol or 
sodium chloride so that the bituminous 


material does not either come to the 
surface of the water, or touch the bottom 
of tlie bath at any time during the test. 

(c) If a normal test is not obtainable 
on three successive tests, the ductility 
shall be reported as being unobtainable 
under the conditions of the test. 


Standard Methods of 
TESTING EMULSIFIED ASPHALTS' 



A.S.T.M. Designation: D 244 - 42 
Adopted, 1939; Revised, 1940, 1942.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 244; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods are intended for the 
examination of asphalt emulsions com- 
posed, principally, of a semisolid or 
liquid asphaltic base, water, and an 
emulsifying agent. 

Viscosity 

2. The viscosity of emulsified asphalt 
shall be determined by means of the 
Saybolt Furol viscosimeter. 

Apparatus 

3. The apparatus shall consist of the 
following: 

{a) Viscosimeter. — k Saybolt Furol 
viscosimeter conforming to the require- 
ments specified in the Standard Method 
of Test for Viscosity by Means of the 
Saybolt Viscosimeter (A.S.T.M. Desig- 

1 Under the standardization procedure of the Society, 
these rnethods are under the joint jurisdiction of A.S.T.M. 
Committee D-4 on Road and Paving Materials and Com- 
mittee D-8 on Bituminous Waterproofing and Roofing 
Materials. 

5 Prior to adoption as standard, these methods were 
published as tentative from 1926 to 1939, being revised in 
1928, 1933. 1934, 1935, 1936, and 1939. 


nation: D 88) of the American Society 
for Testing Materials.® 

(5) Strainer . — A 20-mesh strainer of 
iron wire cloth, framed or unframed. 

Procedure 

4. (a) The viscosity determination 
shall be made at 77 F. (25 C.) and shall 
be expressed in seconds, Saybolt Furol, 
being the time in seconds for the de- 
livery of 60 ml. of emulsion. 

(6) While the Saybolt Furol viscosi- 
meter is not used for petroleum products 
and lubricants when the time of flov/ 
is less than 25 sec., this instrument is 
satisfactory for testing emulsified as- 
phalt when the time of flow is not less 
than 20 sec. 

(c) Preparation of Sample . — The sam- 
ple shall be stirred thoroughly without 
incorporating bubbles in it and then 
poured into a 4-oz. bottle. The bottle 
shall then be placed in the water bath 
at 77 F. (25 C.) for 30 “min. and the 
sample then mixed in the bottle by 
inverting several times, slowly enough 
to prevent bubble formation. The sam- 
ple shall then be poured into the vis- 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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cosity tube through, a 20-mesh strainer, 
allowing a small portion to flow through 
the outlet tube to waste. The cork 
shall then be placed in position, the tube 
filled and without again stirring the 
sample the viscosity shall be determined 
as described in the Standard Method of 
Test for Viscosity by Means of the 
Saybolt Viscosimeter (A.S.T.M. Desig- 
nation: D 88) of the American Society 
for Testing Materials.® 


ring burners are required, one approximately 6 in . 
in inside diameter with the holes bored on the 
inside periphery, and one approximately 2 in. 
in diameter with the holes bored on top. 

(b) Connecting Apparatus . — A con- 
necting tube, tin shield, condenser 
trough, condenser tube and graduated 
cylinder, as shown in Fig. 1. 

{c) Thermometer . — An A.S.T.M. Low- 
Distillation Thermometer, graduated in 
either Fahrenheit or Centigrade degrees 



Fig. 1.— -Apparatus Assembly for Distillation Test of Emulsified Asphalts. 


Distillation as specified, having a range of 30 to 580 

Apparatus F. or 0 to 300 C. and conforming to the 

5. The apparatus shaU consist of the requiremmts for this thermometer as 
following: prescribed m the Standard Specifications 

(a) Irm Still.--T\xt iron stiU shall A.S.T.M. Thermometers (A.S.T.M. 
be approximately 6 by 3| in. in inside P^s^gnation: E 1) of the American 
diameter with ' adjustable ring burner foi' Testing Materials.® 

taving holes on the inner periphery to Nom-The details of the assembly of 
fat around the outside of the still. apparatus for the distillation test are illustrated 

in Fig. 1. 

Note. — A modification of this still is shown 
in Fig. 2; either the still shown in Fig. 1 or that Procedure 
shown in Fig. 2 may be used interchangeably. 

It consists of the regular still with an expansion (®) Exactly 200 g. of a well-mixed 
chamber superimposed thereon. Two additional and representative sample of the emul- 
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sion shall be placed in the previously 
weighed iron still (including lid, clamp, 
thermometer, and gasket, if gasket is 
used). 

(6) A gasket of oiled paper may be 
used between the still and its cover or 
the joint ground to a tight fit. The 
cover shall be clamped securely on the 
still. 



Fig, 2. — Iron Still for Use with Badly 
Foaming Emulsions. 

(c) The thermometer shall be inserted 
through the small hole in the cover, using 
a cork stopper, so that the end of the 
bulb is I in. from the bottom of the still. 

(d) The ring burner shall be placed 
around the stiU and the heat applied 
by this means to the top of the still. 
Just enough heat from a bunsen burner 
shall also be applied to the connecting 
tube to prevent condensation of water 
in this tube. 

(e) After practically all the conden- 
sate has been removed from the still 


and the temperature of the residue has 
reached 250 F. (121 C.), the position of 
the heat from the ring burner shall be 
lowered to midway of the still and held 
there until the thermometer reaches 349 
F. (176 C.). The burner shall then be 
rapidly lowered to within f in. of the 
bottom of the still and the temperature 
increased to and maintained at 500 F. 
(260 C.) for 15 min. This latter period 
of heating is necessary to insure a 
smooth homogeneous residue in the still. 

(/) At the expiration of the heating 
period at the maximum temperature, 
the still and accessories shall again be 
weighed as described in Paragraph (a) 
and the percentage residue calculated 
and reported. The cover shall then be 
removed from the still and suitable 
portions of the residue shall be poured 
immediately through a 297-niicron (No. 
50) sieve into suitable molds and con- 
tainers for making the required tests. 
The residue in the molds and con- 
tainers shall be permitted to cool, un- 
covered, to laboratory room temperature 
and thereafter tested as described in 
Sections 36 to 40, inclusive. 

Note. — When it appears impossible to dis- 
till an emulsified asphalt in the still described in 
Section 5 (a) due to excessive foaming of the 
emulsion, then the modified still shown in 
Fig. 2 should be substituted for the still shown 
in Fig. 1 and the following procedure followed’ 
Place the 6-in. burner around the larger diameter 
of the still near its top. This serves as a sup- 
port. Place the 4-ia. burner immediately be- 
neath the flare and the 2-in. burner not less than 
2 in. below the bottom. Distillation is started 
with only the 2-in. burner lighted. Practically 
all of the distillate should be over in about 45 
min. When the distillation apparently stops, 
light the two larger ring burners and adjust to 
a low flame. Distillation resumes and when it 
stops again increase the heat by adjusting the 
flame of the 2-in, burner. When the tempera- 
ture can be read upon the thermometer, increase 
the rate of heating by raising the flame on both 
the 2 and 4-in. burners and bring the tempera- 
ture to 500 F. (260 C.). 

If any evidence is noted of the emulsion be- 
ginning to foam over in the delivery tube, re- 
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move tlie 2-in, burner quickly and raise a pan of 
■water so as to immerse the still bottom to a 
depth of about 2 in. for a moment which will 
check the foaming. Upon resumption of heat- 
ing, watch delivery tube carefully and repeat 
treatment if necessary. 

When the residue has reached and remained 
at 500 F. (260 C.) for IS min., proceed as de- 
scribed in Section 6 for the regular stiU. While 
the distillation should be completed in not less 
than 1 hr. nor more than 1^ hr. from the first 
application of heat to the still, the maximum 
stated is not mandatory, as a longer time may 


emulsion by distilling the sample with a 
volatile solvent. 

Apparatus 

8. (a) The apparatus shall consist 
of a metal still or glass flask, heated by 
suitable means and provided with a 
reflux condenser discharging into a trap 
connected to the still or flask. The trap 
serves to collect and measure the con- 
densed water and to return the solvent 



Fig. 3. — Apparatus for Determining Water. 


A = 45 to 55 mm. 
B = 14 to 16 mm. 
C= 12 to 16 mm. 
i'D = 235 to 255 mm. 
E = 25 to 38 mm. 
F =» 186 to 194 mm. 
n =» 18 to 19 mm. 


be required in some cases to avoid foaming of 
the emulsion into the condenser. 

If the residue in the still prior to pouring the 
ductility and penetration specimens appears 
granular or heterogeneous in any way, stir with 
a spatula until the material runs from the 
spatula in strings instead of drops, and then 
pour. 

Determination of Water 

Scope 

7. This method of test determines 
water existing in a sample of bituminous 


to the still. The t 3 ^e of distilling 
apparatus used is not an essential 
feature of this method. 

(b) Metal Still . — ^The metal still, Fig. 3 
(a), shall be a vertical cylindrical vessel, 
preferably of copper, having a faced 
flange at the top to which the head is 
tightly attached by means of a clamp. 
The head shall be of metal, preferably of 
brass or copper, and be provided with a 
tubulation 1 in. in inside diameter. 

(c) Glass Still . — ^The glass flask, 
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Fig. 3 (&), shall be of the short neck, 
round-bottom type, made of well-an- 
nealed glass, having an approximate 
capacity of 500 ml., 

(d) Heat Source . — The burner used 
with the metal still shall be a ring gas 
burner 100 mm, (4 in.) in inside 
diameter. With the glass flask, an 
ordinary gas burner or electric heater 
may be used as the source of heat. 

(e) Condenser . — The condenser shall 
be of the water-cooled, reflux, glass-tube 
t5rpe, having a condenser jacket not 
less than 400 mm. (15f in.) in length 
with an inner tube 9.5 to 12.7 mm. (| to 
I in.) in outside diameter. The end of 
the condenser to be inserted in the trap 
shall be ground off at an angle of 30 ± 5 
deg. from the vertical axis of the con- 
denser. 

(/) Trap . — The trap shall be made of 
weU-amiealed glass, constructed in ac- 
cordance with Fig. 3 (c), and shall be 
graduated from 0 to 2 ml. in 0.1-ml. 
divisions, and from 2 to 25 ml, in0.2-ml. 
divisions. The tolerance of the gradua- 
tions between 0 and 2 ml. shall be plus 
or minus 0.05 ml. and between 2 and 
25 ml. shall be plus or minus 0.1 ml. 

Solvent 

9. The solvent used when testing 
bituminous emulsions shall be a coal-tar 
naphtha or a light oil and shall conform 
to the following distillation require- 
ments, determined in accordance with 
the Standard Method of Test for Dis- 
tillation of Gasoline, Naphtha, Kero- 
sine, and Similar Petroleum Products 
(A.S.T.M. Designation: D 86) of the 
American Society for Testing Materials:^ 

98 per cent shall distill between 
248 F. (120 C.) and 482 F. (250 C.). 

Sample 

10. The sample shall be tlioroughly 
representative of the material to be 
tested and the portion of the sample 


used for the test shall be thoroughly 
representative of the sample itself. 
Deviation from this requirement shall 
not be permitted. 

Note. — The dilEculties in obtaining proper 
representative samples for this determination 
are unusually great so that the importance of 
sampling cannot be too strongly emphasized. 

Procedure 

11. {a) When the material to be tested 
contains less than 25 per cent of water, 
exactly a 100-g. sample shall be placed 
in the still or flask. When the material 
contains more than 25 per cent of water, 
the sample shall be 50 g. The sample 
to be tested shall be thoroughly mixed 
with an equal volume of solvent by 
swirling, proper care being taken to 
avoid any loss of material. 

{b) The connections between the still 
or flask, trap and condenser shall be 
made by means of tight-fitting corks as 
shown in Fig. 3 (a) and (5). The end 
of the condenser inserted in the trap 
shall be adjusted to that position which 
will allow the end to be submerged to a 
depth of not more than 1 mm. (0.04 in.) 
below the surface of the liquid in the 
trap after distillation conditions have 
been established. When the metal still 
is used, a heavy paper gasket moistened 
with the solvent shall be inserted be- 
tween the lid and flange before attaching 
the clamp. A loose cotton plug shall be 
inserted m the top of the condenser tube 
to prevent condensation of atmospheric 
moisture in the condenser tube. 

(c) Heat shall then be applied and so 
regulated that the condensed distillate 
falls from the end of the condenser at 
the rate of from 2 to 5 drops per sec. 
The ring burner used with the metal still 
shall be placed about 3 in. above the 
bottom of the still at the beginning of the 
distillation and gradually lowered as the 
distillation proceeds. 
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(d) The distiilation shall be continued 
at the specified rate until no water is 
visible on any part of the apparatus 
except at the bottom of the trap. This 
operation usually requires less than 1 
hr. A persistent ring of condensed 
water in the condenser tube shall be 
removed by increasing the rate of dis- 
tillation for a few minutes. 

Calculation and Reporting of Results 

12. The volume of condensed water 
measured in the trap at room tempera- 
ture multiplied by 100 and divided by 
the weight of sample used, shall be the 
percentage of water and shall be reported 
as . per cent water by weight, 
A.S.T.M. Method D 244.” 

Reproducibility of Results 

13. The accuracy to be expected with 
this method is that duplicate determina- 
tions of water should not differ from 
each other by more than one division on 
the trap. 

Settlement 

Apparatus 

14. The apparatus shall consist of the 
following: 

(a) Cylinders . — Two glass cylinders 
of 500-ml. capacity with pressed or 
molded glass base and cork or glass 
steppers. The outside diameter shall 
be 5.0 db 0.5 cm. and the cylinders shall 
be graduated at each 5-ml. interval to 
the 500-ml. mark. 

(5) Glass Pipette . — A siphon, glass 
tube pipette, 60-ml. capacity, form 
optional. 

Procedure 

15. (a) A 500-ml. sample, representa- 
tive of the emulsion, shall be placed in 
each of two glass cylinders. The cylin- 
der shall be stoppered airtight and stood 
aside unmolested, at laboratory air 


temperature for 5 days. After standing 
for this 5-day period, approximately the 
first 55 ml. of emulsion shall be removed 
by means of the pipette or siphon from 
the top of each cylinder without disturb- 
ing the balance of their contents. 
Exactly 50 g. of each of the two samples, 
after each has been thoroughly mixed 
separately, shall be weighed into sepa- 
rate 600-ml. low-form glass beakers and 
the asphaltic residue determined by 
evaporation at 325 F. (163 C.) for 3 hr. 
in the apparatus described in the Tenta- 
tive Method of Test for Loss on Heating 
of Oil and Asphaltic Compounds (A.S. 
T.M. Designation: D 6) of the American 
Society for Testing Materials.® 

{b) After removal of the first sample, 
appro.ximately the next 390 ml. shall be 
siphoned off from each of the cylinders. 
The residue remaining in the cylinders 
shall be mixed thoroughly and exactly 
50 g. shall be weighed out from each of 
them and the amount of asphaltic 
residue (all sediment, if any, included) 
shall be determined by evaporation as 
described in Paragraph {a) for the two 
top samples. 

(c) The numerical difference between 
the average percentage of asphaltic 
residue from the two top samples and 
the average percentage found in the two 
bottom samples shall be recorded. 

Demulsibility 
Apparatus and Reagents 

16. The apparatus and reagents shall 
consist of the following: 

(a) Wire Cloth . — Three pieces of 1410- 
micron (No. 14) iron wire cloth approx- 
imately 5 in. square, unframed, having 
wire diameters and openings which con- 
form to the Standard Specifications for 
Sieves for Testing Purposes (A.S.T.M. 
Designation: E 11) of the American 
Society for Testing Materials.® 
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(6) Beakers . — ^Three metal beakers of 
600-ml. capacity each. 

(c) Rods . — Three metal rods, rounded 
ends, approximately rs in. in diameter. 

(d) Burette— K 50-mL glass burette 
graduated in 0.1 ml. 

(e) Calcium Chloride Solution (0.02 

N). 

(/) Calcium Chloride Solution (0.10 

N). 

Procedure 

17. (a) The percentage of residue 
shall be determined by distillation as 
described in Section 6. 

(b) The weight of each assembly of 
beaker, rod, and wire cloth shall be 
recorded. 

(c) Exactly 100 g. of the emulsified 
asphalt shall be weighed into each of 
three 600-ml. tared beakers. Over a 
period of approximately 2 mm., 35 ml, 
of 0.02 W CaCh solution (if quick-setting 
emulsion is being tested) or 50 ml. of 
0-10 N CaCh solution (if mixing type 
emulsion is being tested) shall be added 
to each beaker from a burette. While 
adding the solution of CaCh, the con- 
tents of the beaker shall be stirred 
continuously and vigorously, kneading 
lumps against the sides of the beaker to 
insure thorough mixing of the reagent 
with the emulsion. This operation shall 
be performed after bringing the weighed 
sample of emulsion and the reagent to 
the standard temperature of 77 rfc 1.0 F. 
(25 ± 0.5 C.). 

(d) One of the wire cloths shall be 
fitted over a beaker or other suitable 
vessel and the mixture of emulsion and 
reagent poured through the wire cloth. 
The beaker, containing the sample and 
metal rod, shall be ruised with distilled 
water. All lumps shall be kneaded and 
broken up and the washing of the beaker, 
rod, and wire cloth shall be continued 
until there is no longer any appreciable 
color imparted to the wash water. After 


washing as directed, the beaker, rod, and 
wire cloth used in each individual test 
shall be placed in a drying oven and dried 
at 325 F. (163 C.) to constant weight. 

Calculation 

18. The total weight thus obtained less 
the total tare weight of the beaker, rod 
and wire cloth shall be the weight of the 
residue by the demulsibility test. The 
ratio of the average weight in grams 
from three tests of each individual 
sample of emulsified asphalt, A, to the 
weight in grams of residue per 100 g. of 
emulsion, B, obtained in the test for 
residue by distillation described in Sec- 
tion, 6 multiplied by 100, shall be re- 
corded as the percentage of demulsibility 
of the sample tested; 

A 

Percentage demulsibility — X 100 
3 

Sieve Test 

Apparatus and Reagents 

19. The apparatus and reagents shall 
consist of the following; 

(a) Sieve. — k sieve having a 3-in. 
frame conforming to Section 4 (a) and (h) 
of the Standard Specifications for Sieves 
for Testing Purposes (A.S.T.M. Desig- 
nation: E 11) of the American Society 
for Testing Materials,® and having 840- 
micron (No. 20) wire sieve cloth 
conforming to Section 3 of these 
specifications. 

(h) Pan. — A tin box cover or shallow 
metal pan of appropriate size to fit over 
the bottom of the standard sieve. 

(c) Sodium Oleate Solution [2 per 
cent ). — Prepare a 2 per cent solution of 
pure sodium oleate in distilled water. 

Procedure 

20. The weight of the sieve and pan 
shall be recorded and the wire cloth of 
the No. 20 sieve shall then be wet with 
the sodium oleate solution (2 per cent). 
Exactly 1000 g. of the emulsified asphalt 
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shall then be weighed and poured 
through the wire sieve, the container 
and the residue on the sieve being washed 
thoroughly with the sodium oleate 
solution until the washings run clear. 
The pan shall then be placed under the 
sieve and heated for 2 hr. in a drying 
oven whose interior temperature is 
220 F. (105 C.), then cooled in a desic- 
cator, and weighed. 

Calculation 

21. The total weight of the sieve, pan, 
and residue in grams less the combined 
tare weight of the sieve and pan, is the 
weight of the residue by the sieve test. 
The percentage of residue retained on 
the sieve shall be calculated from this 
weight. 

Miscibility with Water 

Note. — T his test is not applicable to the so- 
called quick-setting type of emulsions. 

Procedure 

22. To about 50 ml. of the emulsion 
shall be gradually added about 150 ml. 
of distilled water, stirring the mixture 
while adding the water. The tempera- 
ture is not important but should be 
between 21 and 25 C. (70 and 77 F.). 
The mixture shall be allowed to stand 
for 2 hr. and then examined for any 
appreciable coagulation of the asphalt 
content of the emulsion. 

Modified Miscibility with Water 
Scope 

23. This method of test covers the 
procedure for determining the misci- 
bility with water of medium-setting 
and slow-setting types of asphalt emul- 
sions. This test is not applicable to 
the quick-setting type of asphalt emul- 
sions. 


Apparatus 

24. The apparatus shall consist of the 
following: 

(o) Graduate , — A 50-mL graduated 
cylinder. 

(&) Beaker. — K 400-ml. Griffin low- 
form glass beaker, 

(c) Glass Tubes . — Three glass tubes, 
7 mm . in outside diameter, 5 mm. in 
inside diameter, and 15 cm. in length, 
fitted with suitably bored No. 8 corks, 
adjusted as described in Section 25. 

{d) Supporting Strip . — A strip of 
metal or wood, approximately 15 cm. 
in length, 2.5 cm. in width, and 0.5 
cm. in thickness, with a hole 10 mm. in 
diameter in the center, 

{e) Crucibles . — ^Three IS or 2S-ml. 
porcelain crucibles, or three 30-ml.' 
beakers of heat-resistant glass.'^ 

(/) Omi . — ^A constant temperature 
oven as described in the Tentative 
Method of Test for Loss on Heating of 
Oil and Asphaltic Compounds (A.S.T.M. 
Designation: D 6) of the American 
Society for Testing Materials.® 

(g) Balance . — An analytical balance 
accurate to 0.1 mg. 

Assembly of Apparatus 

25. Adjust the position of the corks 
on the glass tubes by measuring 200 ml. 
of distilled water at 20 to 25 C. into 
the 400-mL beaker, placing the support- 
ing strip across the top of the beaker, 
inserting a tube through the hole, and 
adjusting the position of the cork so 
that when the tube is supported by the 
cork resting on the supporting strip, 
the lower end of the tube is immersed 
in the water to a depth of 1 cm. below 
the surface. In the same manner, ad- 
just the second and third tubes so that 
the depth of immersion is 2.5 and 4.6 
cm., respectively. 

* Pyrex glass is very satisfactory for this purpose. 
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Note. — D ue to slight differences in height 
and diameter of 400-mL beakers as obtained 
commercially, it may be necessary to readjust 
the tubes when used in different beakers. In 
any event, the third or bottom tube shall project 
into the emulsion so that the tip is within 1 to 1.5 
mm. of the bottom of the beaker. 

Procedure 

26. (a) Measure 50 ml. of the emulsion 
at a temperature of 20 to 25 iC. into the 
graduated cylinder and transfer to the 
400-ml. beaker. Wash the graduate 
with three 50-ml. portions of distilled 
water at 20 to 25 C. and add the wash- 
ings to the beaker, bringing the final 
volume to 200 ml. Stir the emulsion 
and water with a glass rod until uni- 
formly mixed, cover the beaker with a 
watch glass, and allow the mixture to 
stand undisturbed for 2 hr. 

(b) Weigh the three crucibles or 
30-ml. beakers, and a watch glass for 
each, to the nearest 0.1 mg. After the 
diluted emulsion has stood for 2 hrs., 
remove the watch glass and place the 
supporting strip across the top of the 
400-mL beaker. Take a sample of 
approximately 1 g. from the top layer 
and transfer to one of the crucibles or 
beakers, using the first or 1-cm. depth 
tube as a pipette. Close the top of the 
tube with the finger, insert the tube to 
the proper depth, remove the finger 
while the emulsion rises in the tube, 
and then replace the finger on top of 
the tube so that when the tube is re- 
moved its contents of emulsion will be 
pipetted from the beaker. After re- 
moval, wipe off the adhering liquid on 
the outside of the tube with filter paper 
before transferring the sample to the 
crucible. In like manner, take samples 
from the middle and bottom of the 
diluted emulsion, using the second and 
third tubes, respectively. Weigh the 
crucibles with their accompanying sam- 
ples of emulsion, and determine the 


weight of each of the three samples by 
difference. Cover the crucibles with 
watch glasses to retard evaporation. 

(c) Remove the watch glasses from 
the crucibles and place the samples in 
the oven at 163 C. for 2 hr., then re- 
move, cool, and weigh. 

Calculations and Report 

27. Calculate the percentage of asphalt 
residue in the top, middle, and bottom 
levels. Report the maximum numerical 
difference in percentage of asphalt con- 
tent between any two of the three levels. 

Cement Mixing 

Scope 

28. This method of test is intended 
for determining the amount of coagula- 
tion when Portland cement is mixed 
with the slow-setting type of asphalt 
emulsions for fine aggregate mixes. 
This test is not applicable when 2 
per cent or more coagulation is antici- 
pated. 

Apparatus 

29. The apparatus shall consist of the 
following: 

(a) Sieves. — A 177-micron (No. 80) 
sieve and a 1410-micron (No. 14) sieve, 
made of iron wire cloth having wire di- 
ameters and openings conforming to the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Desig- 
nation: E 11) of the American Society 
for Testing Materials.® 

(b) Dish . — A round-bottom iron dish 
or a kitchen saucepan of approximately 
500-ml. capacity. 

(c) Stirring Rod . — A steel rod with 
rounded ends, approximately in. in 
diameter. 

(d) Graduate . — A 100-ml. graduated 

cylinder. ® 

Cement 

30. The high-early-strength portland 
cement used in the test shall conform to 
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the requirements for type III of the 
Standard Specifications for Portland 
Cement (A.S.T.M. Designation: C 150) 
of the American Society for Testing 
Materials,'" and shall have a minimum 
specific surface area of 1900 sq. cm. 
per gram. 

Procedure 

31. (a) Dilute the emulsion to be 
tested with distilled water to a residue 
of 55 per cent as determined by either 
distillation, or evaporation for 3 hr. at 
163 C. 

(b) Sieve a portion of the cement 
through the 177-micron (No. 80) sieve. 
Weigh 50 g. of the cement passing the 
177-micron sieve into the iron dish. 

(c) Add 100 ml. of the diluted emul- 
sion to the cement in the dish and stir 
the mixture at once with the steel rod, 
using a circular motion, making 60 
complete revolutions during 1 min. 
Immediately at the end of the 1-min. 
mixing period, add 150 ml. of distilled 
water and continue the stirring for 3 
min. The ingredients and apparatus 
shall be maintained at a temperature of 
approximately 25 C. during the mixing 
period. 

(d) Pour the mixture through the 
tared 1410-micron (No. 14) iron sieve, 
of approximately 3 in. diameter and rinse 
by pouring distilled water from a recep- 
tacle held at a height of approximately 
6 in. Place the sieve in a tared shallow 
pan, heat at 163 C. in an oven until dry, 
and weigh. 

Report 

32. Report the weight in grams of the 

material retained on the sieve and in 
the pan as the percentage of the emul- 
sion broken. ® 

Coating Test 

Note. — This test is applicable only for emul- 
sions containing a base of asphalt of semisolid 
consistency. It is not applicable to the so- 
called quick-setting type of emulsions. 


Asphalts (D 244-42) 

Apparatus and Material 

33. The apparatus and material re- 
quired shall consist of the followdng: 

(а) Screens. — Standard f-in. and |-in. 
round-hole screens conforming to the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: E 11) of the American Society 
for Testing Materials."' 

(б) Spatula. — A steel spatula or its 
equivalent* blade approximately 8 in. in 
length. 

(r) Dish . — A round-bottom, iron dish 
or a kitchen saucepan, approximately 
1-qt. capacity. 

{d) Stone. — A supply of reference 
stone (hard limestone, trap rock, or 
other type) which has been washed with 
water and dried before using. The 
grading of this stone shall be such that 
it will all pass through a standard f-in. 
screen and not more than 5 per cent 
will pass through a f-in. screen. 

Note. — Each laboratory shall select its own 
reference stone supply, the source of which is 
not apt to change. This is to obviate rapid 
changes in the character of reference stone used 
in any one laborat'^ry. 

Procedure 

34. (a) Exactly 465 g. of the washed 
and dried graded stone, shall be weighed 
and placed in the metal pan. 

{h) A 35-g. sample of the emulsion 
shall then be added to the stone in the 
pan and mixed vigorously with the 
spatula for 3 min. 

(c) Record whether or not there is 
appreciable separation of the asphaltic 
base from the water of the emulsion and 
whether or not the stone is uniformly 
and thoroughly coated with the emulsion. 

Freezing Test 

Procedure 

35. (a) Approximately 400 g. of the 
emulsion shall be placed in a clean 
metal container, such as a 1-pt. press- 
top tin. 
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(b) The emulsion in the closed con- 
tainer shall be exposed to a temperature 
of 0 F. (—17.8 C.), for twelve consecu- 
tive hours. 

(c) At the expiration of the freezing 
period^ the emulsion shall be permitted 
to thaw by exposure of the container to 
the temperature of the laboratory. 

(d) After the first operation of freez- 
ing and thawing, the procedure shall be 
repeated twice, so that the emulsion will 
have been subjected to three cycles of 
freezing and thawing. 

(e) After the third cycle, the emulsion 
may be homogeneous or may have sepa- 
rated into distinct layers which cannot 
be rendered homogeneous by stirring at 
laboratory temperature. 

(/) The result of this test shall be 
reported as either “Homogeneous” or 
“Broken.” 

Penetration oe Residue 

36. The penetration shall be deter- 
mined upon a representative portion of 
the residue in accordance with the 
Standard Method of Test for Penetra- 
tion of Bituminous Materials (A.S.T.M. 
Designation; D 5) of the American So- 
ciety for Testing Materials.^ 

Solubility op Residue 

37. The solubility in carbon disulfide 
shall be determined upon a representa- 


tive portion of the residue in accordance 
with the Standard Method of Test for 
Determination of Bitumen (A.S.T.M. 
Designation: D 4) of the American So- 
ciety for Testing Materials.® 

Ductility oe Residue 

38. The ductility shall be determined 
upon a representative portion of the 
residue in accordance with the Standard 
Method of Test for Ductility of Bitu- 
minous Materials (A.S.T.M. Designa- 
tion: D 113) of the American Society 
for Testing Materials.® 

Specieic Gravity oe Residue 

39. The specific gravity shall be deter- 
mined upon -a representative portion of 
the residue in accordance with the 
Standard Method of Test for Specific 
Gravity of Road Oils, Road Tars, 
Asphalt Cements, and Soft Tar Pitches 
(A.S.T.M. Designation: D 70) of the 
American Society for Testing Materials.® 

Ash in Residue 

40. The ash shall be determined upon 
a representative portion of the residue 
in accordance with the rapid routine 
method of ash determination, as de- 
scribed in Section 5 of the Standard 
Methods of Analysis of Grease (A.S. 
T.M. Designation: D 128) of the Ameri- 
can Society for Testing Materials.® 
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Standard Method of 
FLOAT TEST FOR BITUMINOUS MATERIALS' 



A.S.T.M. Designation; D 139 - 27 

Adopted, 1927.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 139; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the float test 
for bituminous materials. 

Apparatus 

2. (a) Float . float (Fig. 1) shall 
be made of aluminum or aluminum alloy 
and shall be in accordance with the fol- 
lowing requirements: 


Min. Normal Max. 


Weight of float, g. . . 
Total height of float, 

37.70 

37.90 

38.10 

mm 

Height of rim above 
lower side of 

34.0 

35.0 

36.0 

shoulder, mm 

Thickness of shoul- 

26.5 

27.0 

27.5 

der, mm 

Diameter of open- 

1.3 

1.4 

1.5 

ing, mm 

11.0 

11.1 

11.2 


(&) Collar . — The collar (Fig. 1) shall 
be made of brass and shall be in accord- 
ance with the following requirements: 

Min. Normal Max. 

Weight of collar, g. . . 9.60 9.80 10.00 

Over-all height of 

collar, mm. 22.3 22.5 22.7 

Inside diameter at 

bottom, mm... .. . 12.72 12.82 12,92 

Inside diameter at 

top, mm......... 9.65 9.70 9.75 

I Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-4 on Road and Paving Materials. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1922 to 1927, being revised in 1923, 
1924, 1925, and 1927. Editorially revised in 1939. 


The top of the collar shall screw up 
tightly against the lower side of the 
shoulder. 

(c) Calibration of Assembly . — The as- 
sembled float and collar, with the collar 
filled flush with the bottom and weighted 
to a total weight of 53.2 g., shall float 
upon water with the rim 8.5 d= 1.5 mm. 
above the surface of the water. Dimen- 
sions of the apparatus additional to 
those required above are given in Fig. 1. 

(d) Thermometer . — An A.S.T.M. Low 
Softening Point Thermometer, gradu- 
ated in either Centigrade or Fahrenheit 
degrees as specified, having a range of 
-2 to +80 C. or +30 to +180 F. and 
conforming to the requirements for this 
thermometer as prescribed in the Stand- 
ard Specifications for A.S.T.M. Ther- 
mometers (A.S.T.M. Designation: E 1) 
of the American Society for Testing 
Materials.® 

(e) Bath . — The diameter of the bath 
and the depth of water shall be at least 
185 mm. 

Preparation of Sample 

3. (a) The brass collar shall be placed 
with the smaller end on a brass plate 

• Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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which has been previously amalgamated 
with mercury by first rubbing it with a 
dilute solution of mercuric chloride or 
nitrate, and then with mercury. 

(b) The sample shall be completely 
melted at the lowest possible tempera- 
ture that will bring it to a sufficiently 
fluid condition for pouring, excepting 
creosote-oil residues, which shall be mixed 


water maintained at 5 C. for 5 min., 
after which the surplus material shall be 
removed by means of a spatula, or steel 
knife, which has been slightly heated. 
The collar and plate shall then be placed 
in a tin cup containing ice water main- 
tained at 5 rt 1 C., and left in this bath 
for at least 15 min. 

(d) Tar Products . — ^Tar products shall 



and poured at a temperature of 100 to 
125 C. It shall be stirred thoroughly 
until it is homogeneous and free from 
air bubbles. The sample shall then be 
poured into the collar in any convenient 
manner until slightly more than level 
with the top. 

(c) Asphalt and Asphalt Products . — 
Asphalt and asphalt products shall be 
cooled to room temperature, placed in 


be immediately immersed in ice water 
maintained at 5 C. for 5 min., after 
which the surplus material shall be 
removed by means of a spatula or steel 
knife, which has been slightly heated. 
The coUar and plate shall then be placed 
in a tin cup containing ice water main- 
tained at 5 ± 1 C., and left in this bath 
for at least 15 min. 
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Procedure 

4. (a) The bath shall be filled with 
water and the water heated to the tem- 
perature at which the test is to be made. 
This temperature shall be accurately 
maintained and shall at no time through- 
out the test be allowed to vary more than 
0.5 C. from the temperature specified. 

(b) After the material to be tested has 
been kept in the ice water for not less 
than 15 min. nor more than 30 min., the 
collar with its contents shall be removed 
from the plate and screwed into the 
aluminum float and immersed in water 
at 5 C. for 1 min. Any water shall then 
be removed from the inside of the float 


and the latter immediately floated in 
the warm bath. As the plug of material 
becomes warm and fluid, it is forced 
upward and out of the collar until the 
water gains entrance into the saucer and 
causes it to sink. 

(c) The time in seconds between 
placing the apparatus on the water and 
when the water breaks through the 
material shall be determined by means 
of a stop watch, and shall be taken as a 
measure of the consistency of the mate- 
rial under examination. 

Note. — S pecial precaution should be taken 
to insure the .collar fitting tightly into the float 
and to see that there is no seepage of water 
between the collar and float during the test. 
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Standard Method of Test for 
PENETRATION OF BITUMINOUS MATERIALS' 



A.S.T.M. Designation: D 5 - 25 


Adopted, 1911 ;. Revised, 1916 , 1921 , 1925 .* 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 5; the final number indicates the year of original 
adoption as standard or in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
the determination of the penetration of 
bituminous materials. 

Definition 

2. Penetration is defined as the con- 
sistency of a bituminous material, ex- 
pressed as the distance that a standard 
needle vertically penetrates a sample of 
the material under known conditions of 
loading, time, and temperature- Where 
the conditions of test are not specifically 
mentioned, the load, time, and tem- 
perature are understood to be 100 g., 5 
sec., 25 C. (77 F.), respectively, and 
the units of penetration to indicate 
huijdredths of a centimeter. 

Apparatus 

3. The apparatus shall consist of the 
following: 

(a) Container . — A container, in which 
the sample is tested, made of metal or 
glass, cylindrical in shape, and having a 
flat bottom. Its inside dimensions shall 
be substantially as follows: 55 mm, (2.17 


1 Under tie standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-4 on Road and Paving Materials. 

5 Editorially revised in 1939. 


in.) in diameter, and 35 mm. (1.38 in.) 
in depth. 

Note. — Containers known in the drug trade 
as seamless “ointment boxes” may be obtained 
in dimensions conforming to the above require- 
ments. 

(6) Needle . — A needle (Fig. 1) made 
from a cylindrical steel rod approxi- 
mately 50.8 mm. (2 in.) in length, 
and 1.00 to 1.02 mm. in diameter. It 
shall be symmetrically tapered at one 
end to a cone approximately 6.35 mm. 
(J in.) in height and whose angle shall 
be within the range of 8 deg. 40 min. 
and 9 deg. 40 min. After tapering, the 
point shall be “blunted” by grinding off 
to a truncated cone, the smaller base of 
which shall be from 0.14 to 0,16 mm. in 
diameter. The finished needle shall be 
hardened and highly polished. 

Note. — The National Bureau of Standards 
will measure and certify the accuracy of pene- 
tration needles in accordance with the per- 
missible variations given. 

(c) Water Bath . — A water bath main- 
tained at a temperature not varying 
more than 0.1 C. from 25 G. The volume 
of water shaU be not less than 10 liters. 
The sample shall be immersed in the 
bath to a depth of not less than 10 cm. 
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(4 in,) and shall be supported on a per- 
forated shelf not less than 5 cm. (2 in.) 
from the bottom of the bath. 

(d) Penetration Apparatus . — Any ap- 
paratus which will allow the needle to 
penetrate without appreciable friction, 
and which is accurately calibrated to 
yield results in accordance with the defi- 
nition of penetration, will be acceptable, 

(e) Transfer Dish for Coniainer . — The 
transfer dish for container shall be a 
small dish or tray of such capacity as 
will insure complete immersion of the 
container during the test. It shall be 
provided with some means which will 
insure a firm bearing and prevent rock- 
ing of the container. 

0./4 to 0.16 mm.^ 
^^ipo fo 1 02 mm. 6W /o 9°40f j 


1. aporoximohly ^635 mm. \ 

___ 

Fig. 1. — Needle for Penetration Test. 

Preparation of Sample 

4. The sample shall be completel}’- 
melted at the lowest possible tem- 
perature and stirred thoroughly until 
it is homogeneous and free from air 
bubbles. It shall then be poured into 
the sample container to a depth of not 
less than 15 mm. (| in.). The sample 
shall be protected from dust and allowed 
to cool in an atmosphere not lower than 
18 C. (65 F.) for 1 hr. It shall then be 
placed in the water bath along with the 
transfer dish and allowed to remain 1 hr. 

Procedure 

5. {a) In making the test the sample 
shall be placed in the transfer dish filled 
with v/ater from the water bath of suffi- 


cient depth to completely cover the con- 
tainer. The transfer dish containing the 
sample shall then be placed upon the 
stand of the penetration machine. The 
needle loaded with the specified weight, 
shall be adjusted to make contact with 
the surface of the sample. This may 
be accomplished by making contact of 
the actual needle point with its image 
reflected by the surface of the sample 
from a properly placed source of light. 
Either the reading of the dial shall then 
be noted or the pointer brought to zero. 
The needle shall then be released for the 
specified period of time, after which the 
penetration machine shall be adjusted 
to measure the distance penetrated. 

(5) At least three tests shall be made 
at points on the surface of the sample 
not less than 1 cm. (| in.) from the side 
of the container and not less than 1 cm. 
(I in.) apart. After each test the sample 
and transfer dish shall be returned to 
the water bath and the needle shall be 
carefully wiped toward its point with a 
clean, dry cloth to remove all adhering 
bitumen. The reported penetration 
shall be the average of at least three 
tests whose values shall not differ more 
than four points between maximum and 
minimum. 

(c) When desirable to vary the tem- 
perature, time and weight, and, in order 
to provide for a uniform method of re- 
porting results when variations are made, 
the samples shall be melted and cooled 
in air as directed in Section 4, They 
shall then be immersed in water or brine, 
as the case may require, for 1 hr. at the 
temperature desired. The following 
combinations are suggested: 

At 0 C. f 32 F.^ 200-g. weight, 60 sec. 

At46.i C. ( IISF.) ....... 50-g, weight, 5 sec. 
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Standard Method of Test for 
RESIDUE OF SPECIFIED PENETRATION^ 



A.S.T.M. Designation; D 243 - 36 
Adopted, 1936.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 243; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
the determination of percentage of resi- 
due having a specified penetration at 100 
g., 5 sec., 25 C. (77 F.), obtained by- 
heating a road oil or a semisolid asphalt 
having a penetration of more than 100, 
at a temperature of 249 to 260 C. (480 
to 500 F.). When the penetration of 
the residue is not otherwise stated it 
shall be understood to be 100. The 
residue obtained is available for tests as 
desired. 

Apparatus 

2. The apparatus shall consist of a 
container, heating bath, hot plate, and 
thermometer, with necessary accessory 
apparatus as follows: 

(a) Container . — The container in 
which the sample is to be tested shall be 
a flat-bottom, cylindrical seamless tin 
box, 70 mm. (2| in. in diameter and 45 
mm. (If in.) in depth. 

Note.— C ontainers known in the drug trade 
as seamless “ointment boxes” may be obtained 
in dimensions conforming to the above require- 
ments. 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-4 on Road and Paving Materials. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1926 to 1936, being revised in 1928, 
1932, and 1935. Editorially revised in 1939. 


(J) Beating Bath . — The heating bath 
shall be a cast-iron air bath permitting 
the immersion of the container to a 
depth of Ij in. through an opening -h 
in. larger in diameter than the container. 
It shall support the container | in. above 
the hot plate and with at least \ in. free 
air space between the sides of the con- 
tainer and of the air bath below the 
opening. A suitable air bath is shown 
in Fig. 1. 

(r) Hot Plate . — The air bath shall be 
heated upon a suitably mounted hot 
plate, heated either electrically or by 
means of a gas flame. The plate shall 
be capable of maintaining the sample 
continuously at the required tempera- 
ture, and apparatus necessary to fulfill 
this requirement, such as a rheostat or 
gas pressure regulator, shall be provided. ‘ 

(d) Thermometer . — An A.S.T.M. Open 
Flash Thermometer, graduated in either 
Centigrade or Fahrenheit degrees as 
specified, having a range of “6 to +400 
C. or +20 to +760 F. and conforming 
to the requirements for this thermome- 
ter as prescribed in the Standard Speci- 
fications for A.S.T.M. Thermometers 
(A.S.T.M. Designation: El) of the 
American Society for Testing Materials.^ 

5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Preparation of Sample 

3. The sample as received shall be 
thoroughly stirred and agitated, to in- 
sure a complete mixture before the por- 
tion for testing is removed. 

Procedure 

4. (a) A 100.00 dt 0.10-g. sample of 
the material to be tested shaU be weighed 
into a tared container, which shall then 



be placed in the air bath in position to 
be heated. The thermometer shall be 
supported in the sample equidistant 
from the sides of the container and with 
the bottom of the bulb neither more than 
I in. above nor touching the bottom of 
the container. The bulb shall be com- 
pletely immersed in the sample through- 
out the heating. An assembly of the 
apparatus is shown in Fig. 2. 

(b) The sample shall be heated as 
rapidly as possible without foaming 


to a temperature of 249 C. (480 F.) and 
during the evaporation, the temperature 
shall be maintained between 249 C. (480 
F.) and 260 C. (500 F.). The sample 
shall be stirred with the thermometer 
from time to time to prevent local over- 
heating and, to maintain a homogeneous 
sample, all cakes of hardened bitumen 
which form at the sides of the container 
shall be fluxed in the sample. 



(c) An experienced operator can judge 
approximately what percentage of resi- 
due he should obtain to secure the de- 
sired penetration. When it is supposed 
tha t the residue will show the required 
penetration, the bitumen on the ther- 
mometer which may be readily scraped 
off shall be returned to the container, 
which then shall be removed from the 
air bath, cooled, and weighed. The 
penetration of the residue shall then be 
determined in accordance with the 
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Standard Method of Test for Penetra- 
tion of Bituminous Materials (A.S.T.M. 
Designation: D 5) of the American So- 
ciety for Testing Materials,^ with the 
exception that the 6-oz. container speci- 
fied in Section 2 (a), in which the evapo- 
ration has been conducted, shall be used 
instead of the 3-oz. container specified 
in the Standard Method D 5. 

(d) It frequently is necessary to make 
several trials before a residue of the re- 
quired penetration is obtained. If it is 
determined to be greater than that re- 
quired, aU water shall be removed from 
the container and the surface of the 
sample, and the heating and determina- 
tion of penetration may be repeated as 
before. Ordinarily,, a residue shall be 
considered as satisfactorily obtained 
when its penetration is within 15 of that 
desired, and its percentage by weight of 
the original sample shall be calculated. 
When it is necessary to determine more 
precisely the percentage of residue hav- 
ing the specified penetration, such a 
percentage shall be calculated by inter- 


polation between percentages of two 
residues, one having a penetration 
greater and one having a penetration 
lower than that specified. The per- 
centage shall be reported as: 

Percentage of residue of penetration 

(determined ) stating, first, the specified 

penetration, and second, the penetration 
actually determined for the sample tested or 
calculated by interpolation. 

Precautions 

5. Certain types of road oil will readily 
form rings of hard asphalt at the side of 
the container. Great care should be 
taken that this material be completely 
fluxed in the sample before the penetra- 
tion of the residue is determined. 

Reproducibility of Results 

6. With care and proper attention to 
details, duplicate determinations by this 
method should not differ from each other 
by more than 1.0 per cent with the same 
operator nor more than 2.5 per cent be- 
tween different laboratories. 
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A.S.T.M. Designation; D 36 - 26 
Adopted, 1919; Revised, 1921, 1924, 1926.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 36; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Softening Point 

1. The softening of bituminous ma- 
terials generally takes place at no definite 
moment or temperature. As the tem- 
perature rises, they gradually and im- 
perceptibly change from a brittle or ex- 
ceedingly thick and slow flowing material 
to a softer and less viscous liquid. For 
this reason the determination of the 
softening point must be made by a fixed, 
arbitrary, and closely defined method if 
the results obtained are to be com- 
parable. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Ring . — A brass ring 15.875 mm. 
(I in.) in inside diameter and 6.35 mm. 
(i- in.) in depth; thickness of wall, 2.38 
mm. in.); permissible variation on 
inside diameter and thickness of ring 
0.25 mm. (0.01 in.). This ring shall be 
attached in a convenient manner to a 


> Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-4 on Road and Paving Materials. 

’ Prior to adoption as standard, this method was pub- 
lished as tentative from 1916 to 1919, being revised in 
1919. Editorially revised in 1939 and 1942. 


No. 13 B. & S. gage brass wire (diameter 
1.83 mm. = 0.072 in,). See Fig. 1. 

{b) Ball . — A steel ball 9.53 mm. (f in.) 
in diameter weighing between 3.45 and 
3.55 g. 

(c) Cojitainer . — A glass vessel, capable 
of being heated, not less than 8.5 cm. 
(3.34 in.) in diameter and measuring 
10.5 cm. (4.13 in.) in depth from the 
bottom of the flare. (A 600-ml. beaker, 
low form, meets this requirement.) 

{d) Thermometer . — An A.S.T.M. Low 
Softening Point Thermometer, gradu- 
ated in either Centigrade or Fahrenheit 
degrees as specified, having a range of 
-2 to +80 C. or +30 to +180 F. and 
conformmg to the requirements for this 
thermometer as prescribed in the Stand- 
ard Specifications for A.S.T.M. Ther- 
mometers (A.S.T.M. Designation: E 1) 
of, the American Society for Testing 
Materials.® 

Preparation of Sample 

3. The sample shall be melted and 
stirred thoroughly, avoiding incorporat- 
ing air bubbles in the mass, and then 
poured into the ring so as to leave an 

S Appears in this publication, see Contents in Niuneric 
Sequence of A.S.T.M. Designations at front of book. 
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excess on cooling. The ring, while being 
filled, should rest on a brass plate which 
has been amalgamated to prevent the 
bituminous material from adhering to it. 
After cooling 1 hr., the excess material 
shall be cut ofi cleanly with a slightly 
heated knife. 


the sample in the water so that the 
lower surface of the filled ring is ex- 
actly 2.54 cm. (1 in.) above the bottom 
of the glass vessel and its upper surface 
is 5.08 cm. (2 in.) below the surface of 
the water. Place the ball in the water 
but not on the specimen. Suspend the 



Procedure for Bituminous Materials lim- 
ing Softening Points 80C. {176 F.) 
or Below 

Assembly of Apparatus 

4. Fill the glass vessel to a depth of 
substantially 8.25 cm. (3.25 in.) with 
freshly boiled, distilled w^ater at 5 C. 
(41 F.). Suspend the ring containing 


thermometer so that the bottom of the 
bulb is level with the bottom of the ring 
and within 0.635 cm. (| in.), but not 
touching the ring. Maintain the tem- 
perature of the water at 5 C. (41 F.) for 
15 min. With suitable forceps, place 
the ball in the center of the upper sur- 
face of the bitumen in the ring, thus 
completing the assembly as in Fig. 1. 
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Heating 

5. Apply the heat in such a manner 
that the temperature of the water is 
raised 5 C. (9 F.) each minute. 

Softening Point 

6. The temperature recorded by the 
thermometer at the instant the bitumi- 
nous material touches the bottom of the 
glass vessel shall be reported as the 
softening point. No correction shall be 
made for emergent stem of the ther- 
mometer. 

Permissible Variation in Pase of Tem- 
perature 

7. The rate of rise of temperature shall 
be uniform and shall not be averaged 
over the period of the test. The maxi- 
mum permissible variation for any min- 
ute period after the first three shall be 
plus or minus 0.5 C. (0.9 F.). All tests 
in which the rate of rise in temperature 
exceeds these limits shall be rejected. 

Procedure for Bituminous Materials Hav- 
ing Softening Points Above 80 C. 

{176 F.) 

Thermometer 

8. An A.S.T.M. High Softening Point 
Thermometer, graduated in either Centi- 
grade or Fahrenheit degrees as specified, 
having a range of 30 to 200 C. or 85 to 
392 F. and conforming to the require- 
ments for this thermometer as prescribed 
in the Standard Specifications for A.S. 
T.M. Thermometers (A.S.T.M. Desig- 
nation; E 1) of the American Society for 
Testing Materials® shall be used. 


Modifications for Hard Materials 

9. The same procedure as described in 
Sections 4 to 7 shall be employed ex- 
cept that U. S. P. glycerin shall be used 
instead of water, and the starting point 
of the glycerin bath shall be 32 C. (89.6 
F.). The bath shall be brought to this 
temperature and thoroughly agitated, 
then the apparatus and specimens shall 
be placed in the bath which shall be 
maintained under agitation at the start- 
ing temperature for 15 min., after which 
the assembly shall be completed by 
placing the bail on the center of the 
specimen and the test carried on in ac- 
cordance with Sections 4 to 7. In apply- 
ing the heat, the ring apparatus shall be 
placed off the center of the container 
and the burner placed midway between 
the center and edge of the beaker away 
from the specimen. 

Precautions 

10. {a) The use of freshly boiled dis- 
tilled water is essential, as otherwise air 
bubbles may form on the specimen and 
affect the accuracy of the results. Rigid 
adherence to the prescribed rate of heat- 
ing is absolutely essential in order to 
secure accuracy of results. 

(&) A sheet of paper placed on the 
bottom of the glass vessel and con- 
veniently weighted will prevent the 
bituminous material from sticking to the 
glass vessel, thereby saving considerable 
time and trouble in cleaning. 

Accuracy 

11. The limit of accuracy of the test is 
plus or minus 0.5 C. (0.9 F.). 
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SOFTENING POINT OF TAR PRODUCTS^ 

CUBE-IN-WATER METHOD 



A.S.T.M. Designation: D 61 - 38 
Adopted, 1920; Revised, 1924, 1938.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 61; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) The softening of pitch takes 
place at no definite moment or tempera- 
ture. As the temperature rises, pitch 
gradually and imperceptibly changes 
from a brittle or exceedingly thick and 
slow flowing material to a softer and 
less viscous liquid. For this reason the 
determination of the softening point 
must be made by a fixed, arbitrary, and 
closely defined method if the results 
obtained are to be comparable. 

(6) The methods of test herein de- 
scribed are not applicable to pitches 
having softening points above 80 C. 
(176 F.). 

(c) For the purpose of shortening the 
time required for testing, hard pitches 
having softening points between 43 and 
80 C. (109.4 and 176 F.) are cooled at 
15.5 C. (60 F.) instead of at 4 C. 
(39.2 F.) as prescribed for soft pitches. 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-4 on Road and Paving Materials. 

Prior to adoption as standard, this method was pub- 
lished as tentative from 1919 to 1920. Editoriallv revised 
in 1942. 


Apparatus 

2. The apparatus shall consist of the 
following; 

{a) Mold . — A mold suitable for form- 
ing a 12.7-mm. (i-in.) cube of pitch. 
(Suitable types are shown in Fig. 1.) 

(5) Hook . — An L-shaped right-angled 
hook made of No. 12 B. & S. gage cop- 
per wire (diameter 2.05 mm. (0.0808 
in.)) the foot of which shall be 2.54 cm. 
(1 in.) in length. See Fig. 1. 

(c) Container . — A glass vessel, capa- 
ble of being heated, not less than 8.5 
cm. (3.34 in.) in diameter and measuring 
10.5 cm. (4.13 in.) in depth from the 
bottom of the flare. (A 600-ml. beaker, 
Griffin low form, meets this require- 
ment.) 

(d) Thermometer.— An A.S.T.M. Low 
Softening Point Thermometer, grad- 
uated in either Centigrade or Fahren- 
heit degrees as specified, having a range 
of -2 to +80 C. or +30 to +180 F. 
and conforming to the requirements for 
this thermometer as prescribed in the 
Standard Specifications for A.S.T.M. 
Thermometers (A.S.T.M. Designation: 
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E 1) of the American Society for Test- 
ing Materials.'^ 

Preparation of Sample 

3. The pitch shall be formed into a 
12.7-mm. (|-m.) cube, truly shaped and 
with sharp edges, either by melting and 
pouring, or softening and pressing, into a 
mold. In all cases an excess of pitch 
shall be used and the surplus material 
shall be cut off cleanly with a slightly 
heated knife. The harder pitches speci- 
fied can ordinarily be molded at room 
temperature, the softer pitches in water 
at about 4 C. (39.2 F.). If they are 
melted, they shall first be thoroughly 
stirred, avoiding incorporating air bub- 
bles in the mass, and then poured into 
the mold so as to leave an excess on 
cooling. The mold shall rest on a brass 
plate and the surface of the plate and the 
interior surfaces of the mold should be 
amalgamated to prevent the pitch from 
adhering to them. 

A. Pitches Having Softening Points Be- 
tween 43 and 80 C. {109.4 and 176 F.) 

Procedure 

4. {a) The apparatus shall be assem- 
bled as shown in Fig. 1 , The glass vessel 
shall be filled to a depth of substantially 
9.5 cm, (3.75 in.) with freshly distilled 
water (Note 1) at 15.5 C. (60 F,), The 
cube of pitch shall be placed on the wire 
as shown in Fig. 1 and suspended in the 
water so that its lower edge is exactly 
2.54 cm. (1 in.) above the bottom of the 
glass vessel and its upper edge is 5.08 
cm. (2 in.) below the surface of the 
water. The cube shall be allowed to 
remain in the water for 15 min, before 
the heat is applied. The thermometer 
shall be suspended so that the bottom 
of the bulb is level with the bottom edge 
of the cube of pitch and within 0.635 
cm. (I in.), but not touching the cube, 

“ Appears in this public<ation, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


(5) The heat shall be applied in such 
a manner that the temperature of the 
water is raised 5 C. (9 F.) each minute. 
The rate of rise of temperature shall be 
uniform and shall not be averaged over 
the period of the test. The maximum 
permissible variation for any minute pe- 
riod after the first three shall be plus or 
minus 0.5 C. (0.9 F,). All tests in which 
the rate of rise in temperature exceeds 
these limits shall be rejected. Rigid ad- 
herence to the prescribed rate of heating 
is absolutely essential in order to secure 
accuracy of results, 

{c) Softening Point. — The tempera- 
ture recorded by the thermometer at 
the instant the pitch touches the bot- 
tom of the glass vessel (Note 2) shall be 
reported as the softening point. No 
correction shall be made for emergent 
stem of the thermometer. 

Note 1. — The use of freshly distilled water is 
essential, as otherwise air bubbles may form on 
the cube and retard its sinking. 

Note 2. — A sheet of paper placed on the 
bottom of the glass vessel and conveniently 
weighted will prevent the pitch from sticking 
to the glass vessel, thereby saving considerable 
time and trouble in cleanmg. 

B. Pitches Having Softening Points 

Below 43 C. {109.4 F.) 
Procedure 

5. For testing pitches having soften- 
ing points below 43 C. (109.4 F.) the 
same procedure described under method 
A in Section 4 shall be followed, except 
that the water when placed in the glass 
vessel shall be at a temperature of 4 C. 
(39,2 F.). The cube shall be allov/ed 
to remain IS min. in this water before 
the heat is applied. 

Reproducibility of Results 

6. With care and proper attention to 
details, duplicate determinations of soft 
ening point by this method should not 
differ from each other by more than 1 .0 

C. (1.8 F.). 



Standard Method of Test for 

SPECIFIC GRAVITY OF ASPHALTS AND TAR PITCHES 
SUFFICIENTLY SOLID TO BE HANDLED IN 
FRAGMENTS^ 



A.S.T.M. Desigrmaon: D 71 - 27 
Adopted, 1927.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 71; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
the determination of the specific gravity 
of asphalts and tar pitches sufficiently 
solid to be handled in fragments. 

Specific Gravity 

2. The specific gravity of asphalts and 
tar pitches shall be expressed as the ratio 
of the weight of a given volume of the 
material at 25 C. (77 F.) to that of an 
equal volume of water at the same tem- 
perature and shall be expressed thus: 

Specific gravity, 25/25 C. (77/77 F. ) . 

Apparatus 

3. The determination of specific grav- 
ity shall be made with an analytical 
balance equipped with a pan straddle or 
other stationary support (Fig. 1). 

Test Specimen 

4. The test specimen shall be a cube 
of the material measuring approximately 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-4 on Road and Paving Materials. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1920 to 1927. 


j in. to the edge. It shall be prepared 
by melting a small sample of the material 
by the gentle application of heat, care 
being exercised to prevent loss by evapo- 
ration, and pouring when sufficiently 
fluid into a f-in. brass cubical mold, 
which has been amalgamated with mer- 
cury and which is placed on an amalga- 
mated brass plate. Precautions should 
be taken to prevent the inclusion of air 
bubbles. The hot material should 
slightly more than fill the mold and when 
cool the excess may be cut off with a hot 
spatula. The specimen shall be re- 
moved from the mold when cooled to 
room temperature. 

Procedure 

5. The balance shall first be tarcd with 
a piece of fine waxed silk thread suffi- 
ciently long to reach from the hook on 
one oJf the pan supports to the straddle 
or rest. The test specimen shall then 
be attached to the thread, so as to be 
suspended about 1 in. above the straddle 
from the hook on the pan support, and 
weighed to the nearest 0.1 mg. This 
584 
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weight is called “ff.” The specimen, still Calculations 

suspended by the thread, shall then be 6. The specific gravity of the material 
weighed, to the nearest 0.1 mg., com- shall be calculated from the following 
pletely immersed in freshly boiled dis- formula: 



tilled water at 25 ± 1 C. (77 ± 1.8 F.), 
adhering air bubbles being first removed 
with a fine wire. This weight is called 
“ 5 .” 


c a 

Sp. gr. = 

a ~ b 

Accuracy 

7. The limit of accuracy of the test is 
plus or minus 0.005 specific gravity. 


Standard Method of Test for 

SPECIFIC GRAVITY OF ROAD OILS, ROAD TARS, ASPHALT 
CEMENTS, AND SOFT TAR PITCHES' 



A.S.T.M. Designaaon: D 70- 27 

Adopted, 1927.® 

This Standard of the American Society for Testing Materials is issued urider 
the fixed designation D 70; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
the determination of the specific gravity 
of road oils, road tars, asphalt cements, 
and soft tar pitches. 

Specific Gravity 

2. The specific gravity of road oils, 
road tars, asphalt cements, and soft tar 
pitches shall be expressed as the ratio of 
the weight of a given volume of the ma- 
terial at 25 C. (77 F.) totliat of an equal 
volume of water at the same temperature 
and shall be expressed thus: 

Specific gravity, 25/25 C. (77/77 
Apparatus 

3. The determination of specific grav- 
ity shall be made with a pycnometer or 
weighing bottle (Fig. 1), which shall 
consist of a straight-walled glass tube 
approximately 70 mm. in length and 
22 mm. in diameter, carefully ground to 
receive an accurately fitting solid glass 
stopper with a hole of 1.5 to 1.7-mm. bore 
in place of the usual capillary opening. 
The lower part of the stopper shall be 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Cotnmiuee D-4 on Road and Paving Materials. 

’Prior to adoption as standard, this method was pub- 
iished as tentative from 1920 to 1927. 
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made concave in order to allow all air 
bubbles to escape through the bore. 
The depth of the cup-shape depression 
shall be about 4.8 mm. at the center. 
The stoppered tube shall have a capacity 
of about 24 ml. and when empty shall 
weigh not over 35 g. 

Weighing Pyqnometer 

4. Before making a determination, the 
pycnometer with stopper shall first be 
calibrated by weighing it ckan and dry 
upon an analytical balance. This 
weight is called “a.” It shall then be 
filled with freshly boiled distilled water 
at a temperature of 25 C. (77 F.), the 
stopper firmly inserted, all surplus mois- 
ture wiped from the surface with a clean 
dry cloth and again weighed. This 
weight is called “6.” 

Procedure for Road Oils and Tars 

5. When determining the specific 
gravity of road oils or road tars which 
flow readily, the material shall be 
brought to a temperature of 25 C. (77 
F.) and poured into the pycnometer until 
it is full, with care to prevent the in- 
clusion of air bubbles. The stopper shall 
then be firmly inserted and all excess of 


% 
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material forced through the opening and 
carefully removed with a clean dry cloth. 
The pycnometer and contents shall then 
be weighed. This weight is called 
The specific gravity of the material shall 
be calculated from the formula: 

c — a 

Sp. gr. = 

0 ~ a 

Procedure for Asphalt Cements and 
Pitches 

6. When determining the specific 
gravity of tar and asphalt products 
which are too viscous for the method 
described in Section 4, a small amount 
of the material shall be brought to a fluid 
condition by the gentle application of 
heat, care being exercised to prevent loss 



! 


Fig. 1, — Pycnometer or Weighing Bottle, 
by evaporation. When sufficiently 
fluid, enough of the sample shall be 
poured into the clean dry pycnometer to 
about half fill it. Precautions shall be 
taken to keep the material from touch- 
ing the sides of the tube above the final 
level and to prevent the inclusion of air 
bubbles. The tube should be slightly 
w'armed before filling. The pycnom.eter 
and contents shall then be cooled to 
room temperature and weighed with the 
stopper. This w^eight is called “c.” 
The pycnometer shall next be removed 
from the balance, filled with freshly 
boiled distilled water, and the stopper 
firmly inserted. It shall then be com- 
pletely immersed for not less than 30 


min. in a beaker of distilled water main- 
tained at 25 C. (77 F.), after which it 
shall be removed and all surplus water 
wiped off with a clean cloth. The pycnom- 
eter and contents shall then be weighed 
immediately. This weight is called “d.” 
The specific gravity of the material shall 
be calculated from the formula: 

Precautions 

7. When making the specific gravity 
determination it is important that: 

(a) Only freshly boiled distilled water 
shall be used. 

(b) When weighing the pycnometer 
completely filled, the temperature of its 
contents shall be within 1 C. (1.8 F.) of 
25 C. (77 F.). 

(c) Precautions shall be ta'ken to pre- 
vent expansion and overflow of the con- 
tents from the heat of the hand when 
wdping the surface of the pycnometer. 

(d) The presence of all air bubbles 
shall be eliminated in filling the pycnom- 
eter and inserting the stopper. 

(e) Weighings shall be made quickly 
after filling the pycnometer and shall be 
accurate to 1 mg. A number of trial 
fillings and catch weights may be neces- 
sary to obtain the desired degree of 
accuracy. 

(/) To prevent breakage of the pyc- 
nometer when cleaning it out after a 
determination has been made upon a 
very viscous or semisolid material, it 
will be found advisable to warm it in 
an oven at not over 100 C. (212 F.) 
until most of the material may be 
poured out and then to swab it with a 
piece of soft cloth or cotton waste. 
When cool it may be finally rinsed with 
carbon disulfide, benzol, or other solvent 
and wiped clean. 

Accuracy 

8. The limit of accuracy of the test is 
plus or minus 0.005 specific gravity. 
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Standard Method of Test for 
VISCOSITY BY MEANS OF THE SAYBOLT 
VISCOSIMETER! 


A.S.T.M. Designation; D 88 - 44 
Adopted, 1926 ; Revised, 1930 , 1933 , 1936 , 1938 , 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 88; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 

Scope of flow of more than 32 sec. There is 

1. (a) This method of test shall be no maximum limit to viscosity to be 
used for determining the Saybolt viscos- measured by the Saybolt Universal Vis- 
ity3 of petroleum products and lubricants, cosimeter but, in general, liquids having 

Table I.— Dimensions of On. Tubes. 



1 Saybolt Universal 

Viscosimeter 

1 Saybolt Furol 

Viscosimeter 

Dimensions 

Mini- 
mum, ; 
cm. 

Normal, 

cm. 

Maxi- : 
mum, 

Mini- 

mum, 

Normal, 

cm. 

Maxi- 

cm. 

Inside diameter of outlet tube 

0.1750 

0.1765 

0.1780 

0.313 

0.315 ' 

0.317 

Outside diameter of outlet tube at lower end 

0.28 

0.30 

0.32 

0.40 

0.43 

0.46 

Length of outlet tube® 

1.215 

1.225 

1.235 

1.215 

1.225 

1.235 

Height of overflow rim above bottom of outlet tube® 

12.^0 

12.50 

12.60 

12.40 

12,50 

12.60 

Outside diameter of overflow rim, at the top®’ ' 


3.30 



3.30 

Diameter of container® 

2.955 

2.975 

2.995 

2.955 

2 [975 

2.995 

Depth of cylindrical part of container® 

Diameter of container between bottom of cylindrical part of 

8.8 1 



8.8 1 

.... 

container and top of outlet tube® 

0.9 



0.9 




® This dimension is identical in the Saybolt Universal and the Saybolt Furol instruments. 

" The minimum value shall preferably be not less than 3.2 cm. 

. * The section of overflow rim shall be bounded by straight lines, except that a fillet is permissible at the junction with 
the bottom of the gallery. 


(&) The Saybolt Universal Viscosim- 
eter shall be used only for oils with times 

' Under tlie standardization procedure of the Society, this 
method is under the jurisdiction of the A.S.T.M. Committee 
D'2 on Petroleum Products and Lubricants. 

® Prior to adoption as standard, this method was pub- 
lished as tentative from 1921 to 1926, being revised in 1923 
whenitwascombinedwith theMethodsof Test for Viscosity 
by Means of the Saybolt Standard Universal Viscosimeter 
(D 47— 21) , and a^ain revised in 1924, 1925, and 1926. 

• The Conversion of Saybolt Universal Viscosity and 
Saybolt Furol Viscosity to Kinematic Viscosities in centi- 
stokesis covered by the Standard Method for Conversion of 
Kinematic Viscosity to Saybolt Universal Viscosity (A. A 
T.M. Designation: D 446) and Standard Idethod for Con- 
version of Kinematic Viscosity to Saybolt Furol Viscosity 
(A.S.T.M. Designation : D 666) , which methods appear in 
this publication, see Contents in Numeric Sequence of 
A.S.T.M. Designations at front of book. 
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an outflow time of the order of 1000 sec. 
and higher, Saybolt Universal, are tested 
more conveniently by means of the Say- 
bolt Furol Viscosimeter. 

(c) The Saybolt Furol Viscosimeter 
shall be used only for oils with times of 
flow of more than 25 sec. The outflow 
time of the Furol (Note) instrument is 
approximately one-tenth that of the 
Universal. 

Note. The word “Furol” is a contraction 
of the phrase “fuel and road oils.”- 
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Apparatus 

2. The apparatus shall consist of an 
oil tube, bath, receiver, thermometers, 
timer, and withdrawal tube, conforming 
to the requirements specified in the fol- 
lowing Paragraphs («) to (g): 

(a) Oil Tube . — The oil tube (illus- 
trated in Fig. 1) shall be entirely of cor- 
rosion-resistant metal, with or without 
plating, and shall conform to the dimen- 
sional requirements shown in Table I 



Standard Oil Tube. 

within the permissible variations pre- 
scribed. The lower end of the oil tube 
shall be provided with a nut for locking 
it in place in the bath and wnth a cork or 
other suitable device to prevent flow until 
the test is started. For convenience a 
string or its equivalent may be attached 
to the cork for rapid removal. 

The oil tube shall be standardized, and 
any correction in excess of 0.2 per cent 
shall be applied. The time of flow shall 


be within plus or minus 1 per cent (Note 
1) of the time as obtained with the Na- 
tional Bureau of Standards’ master Say- 
bolt oil tube (Note 2). 

Note 1. — For routine testing, oil tubes hav- 
ing corrections as high as plus or minus 2 per 
cent may be employed, provided, however, that 
any new oil tubes obtained after the adoption 
of this method shall not have corrections higher 
than plus or minus 1 per cent. For referee 
testing, oil tubes having corrections higher than 
plus or minus 1 per cent shall not be employed. 

The oil tube may be standardized by any 
one of the following methods: 

(a) Determination of outflow time for Amer- 
ican Petroleum Institute oil standard 
and application of appropriate correction 
to obtain established value for the oil 
standard. 


/cm. t OJcm. 
Inside Diameter 
at Oraduaiion Mark 



Fig. 2. — Receiving Flask. 

(This type of flask is recommended 
as convenient and durable.) 


ifi) Calibration by National Bureau of Stand- 
ards subsequent to January 1, 1935. 

(c) Comparison with a tube certified by the 
National Bureau of Standards subsequent 
to January 1, 1935, provided the tube 
shows no evidence of damage or injury 
since certification. 

Note 2. — This tube, conforming to the 
A.S.T.M. dimensional specifications, has out- 
flow times calibrated against oil standards under 
the maintenance of the American Petroleum 
Institute Committee on Viscosity Standards. 

(5) Bath . — The bath shall serve as a 
support to hold the oil tube in a vertical 
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position and as a container for the bath 
liquid. The bath shall be equipped with 
a stirring device and with means for 
heating or cooling. The source of heat 
or refrigeration shall be more than If in. 
(3 cm.) from the oil tube. If an ex- 
ternal heater is used it shall be more tham 
2 in. (5 cm.) from the oil tube. 

The bath temperature necessary to 
maintain thermal equilibrium (w'hile the 
oil in the oil tube is well stirred by the 
oil- tube thermometer) shall be within plus 
or minus 0.1 F. (0.06 C.) of the stand- 
ard temperatures of 70 F. (21.1 C.) or 
77 F. (25 C.) or shall not exceed 100.25,, 
122.35, 130.5, 141.0, 181.5 or 212.0 F.. 
(37.9, 50.2, 54.7, 60.6, 83.1 or 100.0 C.),. 
respectively, for the standard tempera- 
tures mentioned in Section 3. The levell 
of the bath liquid shall not be lower than 
i in. (0,5 cm.) above the overflow rim 
of the oil tube. For referee testing the 
bath liquid must be one which in the 
bath used will meet the preceding bath- 
temperature conditions (Note), 

Note. — T hese tenapeuature requirements 
be met witb water, aqueous solutions, and s'jane- 
baths with. oil. In routine testing oil is genemlly.’ 
used as the bath medium. This is allowable^ 
provided the teBa|)eifature of the oil bath iS'-ad4- 
justed so that the necessary condition of thermall 
equilibrium is maintained. It may be necessary • 
to, maintain the oil bath at slightly higher tern- • 
peratures than those specified in the preceding ; 
paragraph. Temperature differentials between i 
oil bath and oil tube necessary to maintaim 
thermal equilibrium may be, double those- pveii 
above. 

(c) Receiver. ~~Th& receiving flask (see. 
Fig. 2) shall be ©f glass with a capacity 
up to the graduatk),!! mark on its neck 
of 60 ± 0.05 mi. at 68 F. (20 C.). M. 
the graduation mark, the inside diameteir 
of the neck of the flask shall be 1 dfc 
0.1 cm. The cylindrical portion oitihffi 
neck of the flask shall extend note lles*B 
than 0.3 cm., above and below the padui- 
ation mark. The graduation mark shailll 
be 5,8 rb 1.0 cm. above the bottom off 


the flask. The maximum outside di- 
ameter shall be less than 5.5 cm. 

Note. — Many years’ experience with flasks 
conforming to these dimensions has proved it 
to be satisfactory for all but the most viscous 
oils. With the latter, drainage errors may oc- 
cur if the length of the neck of the flask above 
the graduation mark varies excessively. As 
soon as stocks of flasks now on hand have been 
depleted, it is planned to revise the flask’s spec- 
ification by limiting the length of the neck above 
the graduation mark to a maximum of 11 mm. 

(d) Oil-Tube Thermometers . — The 
A.S.T.M. Saybolt Viscosity Thermom- 
eters shall include two sets of six ther- 
mometers each, one set being graduated 
in Fahrenheit degrees and the other in 
Centigrade degrees, the ranges being 
■chosen to include the temperatures com- 
monly used in testing a,s indicated in the 
.following table. They shall conform to 


Temperature Range | 

Temperature of 
Tests 

FAHKENHEIT THEEMOiffilERS 

66 to 80 F 

94 to 108 F 

120 to 134 P 

134 to 148 P 

174 to 188 F 

204 to 218 F 

oooooo 

70 and 77 F. 

100 F. 

122 and 130 F. 
140 F. 

180 F. 

210 F. 

Centigrade Thermometers 

19 to 27 C 

34 to 42 C 

49 to 57 C 

57 to 65 C 

79 to 87 C 

95 to 103 C 

oooooo 

oooooo 

21.1 and 25 C. 
37. S C. 

50 and 54.4 C. 

60 C. 

82.2 C. 

98.9 C. 


the requirements for these thermometers. 
:as prescribed in the Standard Speci- 
fications for A.S.T.M. Thermometers; 
(A.S.T.M. Designation: E 1) of the 
American Society for Testing Materials.^ 
To prevent contact of the thermometer 
with the orifice in the oil tube a suitable 
support shall be attached to the enlarge- 
ment of the thermometer stem, 

(e) Bath Thermometer s.--~ThGxm.Qm- 
eters as specified in Paragraph (d) or 


‘ Appears in this publication, see Contents iis Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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other means for measuring temperature 
of at least equal accuracy, shall be used 
in the bath. 

(/) Timer . — The stop watch or other 
timing device used shall be graduated 
in divisions of 0.2 sec. or less, and shall 
be accurate to within 0.1 per cent when 
tested over a 60-min. period (Note). 

Note. — Electrical timing devices are permis- 
sible provided they are accurate and capable of 
being read to 0.2 sec. Timing devices actuated 
by synchronous motors shall be used only on 
electric circuits of controlled frequency. 

(g) Withdrawal Tube . — The tube or 
pipette used for draining the gallery shall 
have a smooth tip of about 3 mm. out- 
side diameter and about 2 mm. inside 
diameter. 

Temperature of Testing 

3. (a) With the Saybolt Universal 
Viscosimeter, determinations shall be 
made at 70, 100, 130 or 210 F. (21.1, 
37.8, 54.4 or 98.9 C.). 

(b) With the Saybolt Furol Viscosim- 
eter, determinations shall be made at 77. 
100, 122 or 210 F. (25, 37.8, 50 or 98.9 
C.). In tests on road and paving ma- 
terials, determinations may also be made 
at 140 and 180 F. (60 and 82.2 C.). 

Procedure 

4. (a) Viscosity determinations shall 
be made in a room free from drafts and 
rapid changes in temperature. For 
standardization and referee tests the 
room shall be between 68 and 86 F 
(20 and 30 C.) and the actual tempera- 
ture shall be recorded. For routine 
tests, temperatures up to 100 F. may be 
employed without introducing errors in 
excess of 1 per cent. Determinations 
shall not be made at temperatures below 
the dew point of the atmosphere sur- 
rounding the instrument. 

(b) The oil tube shall first be cleaned 
with an effective solvent, such as benzol, 


and excess solvent shall be removed from 
the gallery. 

(c) All oil shall be passed through a 
100-mesh wire strainer before it is in- 
troduced into the oil tube. After the 
tube is cleaned, a quantity of the oil to 
be tested, sufficient to wet the entire 
surface of the tube, shall be poured into 
the tube and allowed to drain out (Note). 
The cork stopper shall be inserted not 
less than J in. nor more than f in, into 
the lower end of the air chamber at the 
bottom of the oil tube. The cork shall 
fit tightly enough to prevent the escape 
of air, as evidenced by the absence of 
oil on the cork after it is withdrawn. 

Note. — ^The plunger commonly supplied 
with the viscosimeter shall never be used on. 
instruments maintained as standards. In case 
the flash point is less than SO F. (27.8 C.) above 
the temperature of test, the wetting operation 
should be omitted in order to avoid an increase 
in viscosity due to evaporation of a portion of 
the light fraction. 

(d) If the test temperature is above 
that of the room, the oil shall be heated 
to not more than 3 F. (1.7 C.) above 
the temperature of test and if the tem- 
perature is below that of the room, the 
oil shall be cooled to not more than 3 F. 
(1.7 C.) below the temperature of test. 
In no case, however, shall the oil be 
preheated to a temperature above 50 F. 
(27.8 C.) below the flash point. The oil 
shall be poured into the oil tube until it 
ceases to overflow into the gallery. The 
oil in the oil tube shall be kept well 
stirred with the oil-tube thermometer, 
care being taken to avoid hitting the out- 
flow tube. The bath temperature shall 
be adjusted until the oil temperature 
remains constant. After thermal equi- 
librium has been attained no further 
adjustments shall be made in the bath 
temperature. The test results shall be 
discarded if the indicated bath tempera- 
ture varies by more than plus or minus 
0.05 F. (0.03 C.) in tests at 70, 77, 100, 



592 


Test for Saybolt Viscosity (D 88 - 44) 


122 and 130 F. (21.1, 25, 37.8, 50 and 
54.4 C.) or by more than plus or minus 
0.10 F. (0.06 C.) in tests at 140, 180 and 
210 F. (60, 82.2 and 98.9 C.). 

(e) After the temperature of the oil 
in the oil tube has remained constant 
within 0.02 F. (0.01 C.) of the desired 
temperature for 1 min. with constant 
stirring, the oil-tube thermometer shall 
be withdrawn and the surplus oil re- 
moved quickly from the gallery by means 
of the withdrawal tube so that ^e level 
of the oil in the gallery is below the level 
in the oil tube proper. The tip of the 
withdrawal tube shall be inserted at one 
point in the gallery. The test shall be 
started over again if the tip of the with- 
drawal tube touches the overflow rim 
(see Fig. 1). Under no conditions shall 
the excess oil be removed by rotating the 
withdrav/al tube around the gallery. 

(/) The receiving flask shall be placed 
in position so that the stream of oil from 
the outlet tube will strike the neck of the 
flask. The graduation mark on the 
receiving flask shall be not less than 10 
cm. nor more than 13 cm. from the bot- 


tom of the bath. The cork shall be 
snapped from its position and at the 
same instant the timer shall be started. 
The timer shall be stopped when the 
bottom of the meniscus of the oil reaches 
the mark on the neck of the receiving 
flask- 

Reporting Results 

5. The time in seconds as determined 
by the prescribed procedure, v/ith the 
proper calibration correction, is the Say- 
bolt Universal (or Saybolt Furol) vis- 
cosity of the oil at the temperature at 
which the test is made. Results shall 
be reported to the nearest 0.1 sec. for 
viscosity values below 200 sec. and to 
the nearest whole second for values 200 
sec. or above. 

Reproducibility of Results 

6. With proper attention to details 
of method of procedure, results in differ- 
ent laboratories with different operators 
under referee or standardization con- 
ditions of testing, should not differ by 
more than 0.5 per cent. 
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Adopted, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 666; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. The conversion table in this method 
provides a means for converting kine- 
matic viscosity in centistokes at 122 F. 
to Saybolt Furol viscosity in seconds at 
122 F.3 

Procedure 

2. For the kinematic viscosities at 
122 F. listed in Table I the equivalent 
Saybolt Furol viscosity in seconds at 
122 F. may be read directly. For kine- 
matic viscosities between 48 and 400 
centistokes which are not listed in Table 
I, the equivalent Saybolt Furol viscosity 
values may be obtained by linear in- 
terpolation. For kinematic viscosities 
over 400 centistokes, the equivalent 

_ >■ Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D-2 on Petroleum Products and Lubricants. 

2 Prior to adoption as standard, this metliod was pub- 
lished as tentative from 1942 to 1944. 

2 The test procedure for determining kinematic vis- 
cosity is described in the Tentative Method of Test for 
Kinematic Viscosity (A.S.T.M. Designation: D445); the 
test procedure for determining Saybolt Furol Viscosity 
appears in the Standard Method of Test for Viscosity 
by Means of the Saybolt Viscosimeter (A.S.T.M. Designa- 
tion: D 88), which methods appear in. this publication, see 
Contents in Numeric Sequence of A.S.T.M. Designations 
at front of book. 


Saybolt Furol viscosity may be calcu- 
lated by use of the multiplication 
constant given in Table I. 


TABLE I.~VALUES FOR CONVERTING KINEMATIC 
VISCOSITY TO SAYBOLT FUROL VISCOSITY 
AT 122 F. 


Kine- 

matic 

Vis- 

cosity, 

centi- 

stokes 

Saybolt 

Furol 

Vis- 

cosity, 

sec. 

Kine- 

matic 

Vis- 

cosity, 

centi- 

stokes 

Saybolt 

Furol 

Vis- 

cosity, 

sec. 

Kine- 

matic 

Vis- 

cosity, 

centi- 

stokes 

Saybolt 

Furol 

Vis- 

cosity. 

sec. 

48... 

...25.2 

100... 

...48.5 

200... 

. . . 94.7 

50... 

...26.0 

105... 

...SO.S 

210. .. 

... 99,3 

52... 

...26.9 

110... 

...53.1 

220... 

...104.0 

54... 

...27.8 

115... 

...SS.3 

230... 

...108.7 

56... 

...28.7 

120. . . 

...57.6 

240. . . 

...113.3 

58... 

...29.6 

125... 

...59.9 

250... 

...118.0 

60... 

...30.5 

130. . . 

...62.2 

260. .. 

...122,7 

62.-.. 

...31.4 

135... 

...64.5 

270... 

...127.4 

64... 

...32.3 

140. . . 

...66.9 

280. . . 

...132.0 

66... 

...33.2 

145... 

...69.2 

290. . . 

...136.7 

68... 

...34.1 

ISO. . . 

...71.5 

300. . , 

...141.3 

70... 

...35.0 

155... 

...73.8 

310... 

. . .146.0 

72... 

...35.9 

160... 

...76.1 

320. , . 

...150.7 

74... 

...36.8 

165... 

...78.4 

330... 

...155.4 

76... 

...37.7 

170. . . 

...80.7 

i 340. . . 

...160.1 

78... 

...38.6 

175... 

...83.1 

! 350... 

...164.8 

80... 

...39.5 

180. 

...85.4 

360... 

...169.5 

82... 

...40.4 

185. . , 

...,87.7 

370... 

...174.1 

84... 

,...41.3 

190. . . 

...90.0 

380... 

,...178.8 

86. . , 

,...42.2 

195... 

....92.4 

1 390. . . 

...183.S 

88... 

....43.1 



400. . , 

....188.2 







92.., 

,...44.9 



1 Saybolt sec- 

94... 

....45.8 



Over 1 

onds = 

96.. 

....46.7 



400.. 1 ( 

centistokes 

98... 

....47,6 



1 

X 0.470 
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STANDARD ABRIDGED VOLUME CORRECTION TABLE 
FOR PETROLEUM OILS^ 



A.S.T.M. Designation: D 206 -- 36 
Adopted, 1925; Revised, 1934, 1936. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 206; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last re\asion. 


This abridged table lias been prepared 
by the National Bureau of Standards to 
meet a demand from the oil industry for 
a short and convenient table for reducing 
oil volumes to the basis of 60 F., when 
extreme accuracy is not required. It is 
not intended to replace the Bureau of 
Standards Circular C 410y but rather to 
supplement it and especially to replace 
the various abridged tables heretofore 
employed in the oil industry. 

The groups, coefficients of expansion, 
gravity (degrees A.P.I.), and gravity 
ranges for the several subdivisions of 
the present abridged table are as follows: 



Coeffi- 
cient of 




Expan- 

Gravity, 

Gravity Range 


sion per 


of Group 

Group 

Number 

deg. Fahr. 
ateOF 

Degrees 

A.P.I. 

(Degrees A.P.I. 
at 60 F.) 

0 

. 0.00035 

6 

Up to 14.9 

1 

. 0.00040 

22 

15.0 to 34.9 

2 

. 0.00050 

44 

35.0 to 50.9 

3... . . . 

. 0.00060 

58 

51.0 to 63.9 

4 

. 0.00070 

72 

64.0 to 78.9 

5 

. 0.00080 

86 

79.0 to 88.9 

6 

. 0.00085 

91 

89.0 to 93.9 

7 

. 0.00090 

97 

94.0 to 100.0 


1 Under the standardization procedure of the Society, 
this standard is under the jurisdiction of the A.S.T.M, 
Committee D-2 on Petroleum Products and Lubricants. 

This abridged table difiers from that published in 1934 
in three respects: The multipliers for Group 0 have been 
revised slightly; Group 1 has been extended from 249 to 
499 F.; and Groups 4, S and 6 have been extended from 
99 to 124 F. 

The multipliers in the Group 0 table in the 1934 stand- 
ard were taken from the National Bureau of Standards 
Miscellaneous Publication No. 97. With the revision of 
Circular No. 154 (published as Circular C 410) to include 
data on oils from 0 to 10° A.P.I.,it has seemed desirable to 


All motor fuel blends of gasoline and 
benzol shall be considered as falling in 
Group 3, In cases of uncertainty re- 
garding the presence of benzol, a product 
having a gravity heavier (numerically 
less) than 51° A.P.I., and a 50 per cent 
recovery point less than 293 F. (145 
C.) shall be considered as falling in 
Group 3. 

This table shows the volume occupied 
at 60 F. by a quantity of oil occupying 
unit volume at the indicated tempera- 
ture. 


For purposes of brevity the columns 
showing observed temperatures in de- 
grees Fahrenheit carry the heading “t.” 
The columns of multipliers which are 
/volume at 60 F.^ 


actually 


\ volume at “t' 
heading “M.” 


carry the 


Note: Example . — The values given in the 
table, are in the form of multipliers; that is, the 
volume of oil at the indicated temperature and 
degrees A.P.I. for each group, multiplied by the 
corresponding factor in the table, equals the 
volume at 60 F. B'or example, if the degrees 
A.P.I. of an oil at 60 Bh equals 58 (Group 3) 
and the volume at 88 F. equals 8000 gal, then 
the volume at 60 F. equals 8000 X 0.9830 or 
7864 gal. 


employ the procedure followed in the other groups and 
choose the column of multipliers from the unabridged table 
•which has a base coefficient of expansion nearest 0.00035, 
•which in the case of Group 0 is the column corresponding 
to a gravity of 6° A.P.I. 
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GROUP 0“ 

^end: t = observed temperature in degrees Fahrenheit; M ^ multiplier for reducing oil v olumes to the basis of 60 F, 
^ M I t M I t M f t M I «• n.f I 1.^ . . , 

M 


2 .'.'. 


, 1.0211 
. 1.0208 
, 1.0204 
- 1.0201 
. . 1.0197 

. 1.0194 
. 1.0190 
. 1.0186 
. 1.0183 
. 1.0179 

. 1.0176 
. 1.0172 
. 1.0168 
. 1.016S 
. 1.0161 

. i.oisa 

. 1.0154 
. 1.0151 
. 1.0147 
. 1.0144 

. 1.0141 
. 1.0137 
. 1.0134 
. 1.0130 
. 1.0126 

. 1.0123 
. 1.0119 
. 1.0116 
. 1.0112 
. 1.0109 


... 1.0084 
.. 1.0081 
.. 1.0077 
.. 1.0074 

.. 1.0070 
.. 1.0067 
.. 1.0063 
.. 1.0059 
.. 1.0056 

.. 1.0052 
.. 1.0049 
. . 1.0045 
.. 1.0042 
.. 1.0039 

.. 1.00.35 
.. 1.0032 
.. 1.0028 
. . 1.0025 
.. 1.0021 

.. 1.0017 
.. 1.0014 
,. 1.0010 
. 1.0007 
,. 1.0003 

. 1.0000 
. 0.9997 
. 0.9993 
. 0.9990 
. 0.9986 


. 0.9982 
. 0.9979 
. 0.9976 
. 0.9972 
. 0.9969 

. 0.9965 
. 0.9962 
. 0.9958 
. 0.9955 
. 0.9952 

. 0.9948 
. 0.9944 
. 0.9941 
. 0.9938 
. 0.9934 

. 0.9931 
. 0.9927 
. 0.9924 
. 0.9920 
. 0.9917 


6.. 0.9910 

7.. 0.9907 

5.. 0.9903 

5.. 0.9900 

. 0.9896 

1.. 0.9892 
J. . 0.9889 

5.. 0.9886 

1.. 0.9882 

0.9879 
).. 0.9876 
0.9872 
0.9869 

1.. 0.9865 

1.. 0.9862 
... 0.9858 

1.. 0.98SS 

1.. 0.9852 
0.9848 

. . 0.9844 

1.. 0.9841 
.. 0.9837 
.. 0.98.34 
.. 0.9831 

.. 0.9827 
.. 0.9823 
.. 0.9820 
.. 0.9816 
.. 0.9813 

, . 0.9809 
.. 0.9806 
.. 0.9802 
. . 0.9799 
.. 0.9795 

.. 0.9792 
. . 0.9789 
. . 0.9785 
.. 0.9782 
.. 0.9779 

0.9775 
, 0.9772 
. 0.9768 
. 0.9765 
. 0.9762 


10.. 0.9758 

11.. 0.9755 

12.. 0.9751 

13.. 0.9748 

14.. 0.9745 

15.. 0.9741 

6.. 0.9738 

7.. 0.9735 

8.. 0.9731 

9.. 0.9728 

0., 0.9724 

1.. 0.9721 

2.. 0.9718 

3.. 0.9714 

4.. 0.9711 

5.. 0.9707 

6.. 0.9704 

7.. 0.9701 

8.. 0.9697 

9.. 0.9694 

0.. 0.9691 

1.. 0.9687 

2.. 0.9684 

3.. 0.9680 

4.. 0.9677 

0.9874 

5.. 0.9670 
0.9667 

L. 0.9664 
0.9660 

0.9657 
L. 0.9654 
0.9650 

1.. 0.9647 

1. . 0.9643 

1.. 0.9640 

1.. 0.9637 
0.0633 

1.. 0.9630 
>.. 0.9627 

1.. 0.9623 
. . 0.9620 
.. 0.9616 
.. 0.9613 
.. 0.9610 

, . 0.9606 
.. 0.9603 
.. 0.9600 
.. 0.9596 
. . 0.9593 

. . 0.9590 
.. 0.9586 
.. 0.9583 
. . 0.9580 
.. 0.9576 

.. 0.9S73 
. . 0.9569 
.. 0.9566 
. . 0.9563 
. . 0.9559 

, . 0.9356 
,. 0.95.53 
. 0.9549 
. 0.9546 
0.9543 


5.. 0.9539 

6.. 0.9536 

7.. 0.9533 

8.. 0.9530 
L. 0.9527 

3.. 0.9523 

1.. 0.9520 

2.. 0.9517 

5.. 0.9513 

1.. 0.9510 

>.. 0.9507 
0.9504 
0.9500 
0.9497 
>.. 0.9494 

).. 0.9490 
... 0.9487 

1.. 0.9484 

1.. 0.9481 
:.. 0.9477 

1.. 0.9474 

1.. 0.9471 
.. 0.9468 
.. 0.9464 
.. 0.9461 

.. 0.9458 
.. 0.9454 
.. 0.9451 
.. 0.9448 
.. 0.9445 

.. 0.9441 
. . 0.9438 
.. 0.9435 
.. 0.9432 
. . 0.9428 

.. 0.9425 
.. 0.9422 
0.9419 
,. 0.9415 
.. 0.9412 

.. 0.9409 
. 0.9406 
. 0.9402 
.. 0.9399 
. 0.9396 


. 0.9386 
. 0.9383 
. 0.9380 

. 0.9376 
. 0.9373 
. 0.9370 
. 0.9367 
. 0.9364 

. 0.9360 
,. 0.9357 
.. 0.9354 
. 0.9351 
. 0.9347 

. 0.9344 
. 0.9341 
. 0.9338 
. 0.9335 
. 0.9331 


50.. 0.9328 

51.. 0,9325 

52.. 0.9322 

53.. 0.9319 
)4.. 0.9315 

>5.. 0.9312 

16.. 0.9309 
>7.. 0.9306 

18.. 0.9303 
< 9 .. 0.9299 

0.. 0.9296 

1.. 0.9293 

2.. 0.9290 

3.. 0.9287 

4.. 0.9283 

5.. 0.9280 

6.. 0.927. 

7.. 0.9274 

5.. 0.9271 

9.. 0.9267 

0.. 0.9264 

1.. 0.9261 

2.. 0.9258 

3. . 0.9255 

4.. 0.9252 

5.. 0.9248 

5.. 0.9245 

1 .. 0.9242 
0.9239 

).. 0.9236 

).. 0.9233 

1.. 0.9229 
!.. 0.9226 
!.. 0.9223 
k. 0.9220 

1.. 0.9217 

• 0.9214 

’.. 0.9210 

1. . 0.9207 
>.. 0.9204 

1.. 0.9201 
.. 0.9198 
. . 0.9195 
.. 0.9191 
. . 0.9188 

. . 0.9185 
.. 0.9182 
.. 0.9179 
.. 0.9176 
.. 0.9173 

.. 0.9169 
.. 0.9166 
. . 0,9163 
.. 0.9160 
.. 0.9157 

. . 0.9154 
.. 0.9151 
.. 0.9148 
. . 0.9145 
.. 0.9141 

.. 0.9138 
. 0.9135 
. 0.9132 
. 0.9129 
. 0.9126 


325. 


0.9123 
0.9119 
0.9116 
0.9113 
. 0.9110 

. 0.9107 
. 0.9104 
. 0.9101 
. 0.9098 
. 0.9095 

. 0.9092 
. 0.9088 
. 0.9085 


L. 0.9076 
.. 0.9073 
.. 0.9070 
.. 0.9067 
.. 0.9064 

.. 0.9061 
. . 0.9057 
.. 0.9054 
.. 0.9051 
. , 0.9048 

.. 0.9045 
.. 0.9042 
. . 0.9039 
.. 0.9036 
,. 0.9033 

,. 0.9030 
0.9027 
,. 0.9024 
. 0.9021 
. 0.9017 

. 0.9014 
. 0.9011 
. 0.9008 
. 0.9005 
. 0.9002 


. 0.8993 
. 0.8990 
. 0.8987 


. 0.8969 
, 0.8965 
, 0.8962 
. 0.89S9 
. 0.8956 

. 0.8953 
. 0.8950 
. 0.8947 
. 0.8944 
. 0.8941 

. 0.8938 
. 0.8935 
. 0.8932 
. 0.8929 
. 0.8926 


390. 


0.8923 
0.8920 
0.8917 
. 0.8914 
. 0.8911 

. 0.8908 
. 0.8905 
. 0.8902 
. 0.8899 
. 0.8896 


0.8887 
0.8884 
:.. 0.8881 

.. 0.8878 
.. 0.8875 
.. 0.8872 
.. 0.8869 
.. 0.8866 

0.8863 
0.8860 
.. 0.8857 
.. 0.88.54 
.. 0.8851 

.. 0.8848 
.. 0.S84S 
. . 0.8842 
. . 0.8839 
.. 0.8836 

.. 0.88.33 
.. 0.8830 
0.8827 
.. 0.8824 
. 0.8S21 

. 0.8818 
. 0.8815 
, 0.8812 
. 0.8809 


. . 0.8803 
. . 0.8800 
.. 0.8797 
.. 0.8794 
.. 0.8791 

.. 0.8788 
.. 0.8785 
. . 0.8782 
. . 0.8779 
,. 0.8776 

. . 0.8773 
.. 0.8770 
. 0.8767 
. 0.8764 
. 0.8762 

. 0.8759 
. 0.87.56 
. 0.8753 
. 0.8750 
. 0.8747 

. 0.8744 
. 0.8741 
. 0.8738 
. 0.8735 
. 0.8732 


455. 


0.8729 
0.8726 
. 0.8723 
. 0.8720 
. 0.8717 

. 0.8714 
. 0.8711 
. 0.8709 
. 0.8706 
. 0.8703 


).. 0.8685 
... 0.8682 
;.. 0.8679 

1.. 0.8676 
:.. 0.8673 

.. 0.8671 
. . 0.8668 
.. 0.8665 
. . 0.8662 
.. 0.8659 

.. 0.8656 
. . 0.8653 
.. 0.8650 
. . 0.8647 
. . 0.8644 

.. 0.8642 
.. 0.8639 
.. 0.8636 
. . 0.8633 
.. 0.8630 

,. 0.8627 
.. 0.8624 
.. 0.8621 
0.8618 
. 0.861S 

. 0.8613 
. 0.8610 
. 0.8607 
. 0.8604 
. 0.8601 
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GROUP 1“ 


t M 

t M 

t 


M 

t M 

t M 

t M 

t M 

t M 

0... 

1.0242 

65.. 

0 

9980 

130, 

0 

9724 

195. 

0.9476 

260. 

0.9234 

325. 

0.8998 

390. 

0 

8769 

455. 

0 

8546 





9976 

131. 

0 

9720 

196. 

0.9472 

261 

0.9230 

326, 

0.8994 

391. 


8766 

456. 

0 

8543 



67. 

0 

9972 

132. 

0 

9716 

197, 

0.9468 

262. 

0.9226 

327. 

0.8991 

392. 

0 

8762 

457. 

0 

8540 


1.0230 

68. 


9968 

133. 

0 

971.3 

198 

0.9465 

263. 

0.9223 

328. 

0.8987 

393. 

0 

8759 

458. 

0 

8536 

i... 

1.0226 

69. 

0 

9964 

134. 

0 

9709 

199. 

0.9461 

264. 

0.9219 

329. 

0.8984 

394. 

0 

8755 

459. 

0 

8533 

s... 

1.0222 

70. 

0 

9960 

135. 

0 

970.5 

200. 

0,9457 

265. 

0.9215 

330. 

0.8980 

395. 

0 

8752 

460. 

0 

8530 


1.0218 

71. 


9956 

136. 

0 

9701 

201. 

0.9453 

266 

0.9212 

331. 

0.8977 

396. 

0 

8748 

461. 

0 

8526 



72, 

0 

9952 

137. 

0 

9697 

202, 

0.9449 

267. 

0.9208 

332. 

0.8973 

397. 

0 

8745 

462. 

0 

8523 

8... 

1.0210 

73, 

0 

9948 

138. 

0 

9694 

203. 

0.9446 

268. 

0.9204 

333. 

0.8969 

398. 

0 

8741 

463. 

0 

8519 

9... 

1.0206 

74. 

0 

9944 

139. 

0 

9690 

204. 

0.9442 

269. 

0.9201 

334. 

0.8966 

399. 

0 

8738 

464. 

0 

8516 

10... 

1.0202 

75. 

0 

9940 

140. 

0 

9686 

205. 

0.9438 

270 

0.9197 

335. 

0.8962 

400. 

0 

8734 

465. 

0 

8513 

11... 

1.0198 

76, 

0 

9936 

141. 

0 

9682 

206. 

0.9434 

271 

0.9193 

336. 

0.8959 

401. 

0 

8731 

466. 

0 

8509 

12... 

1.0194 

77. 

0 

9932 

142. 

0 

9678 

207. 

0.9430 

272 

0.9190 

3.37. 

0.89SS 

402. 

0 

8727 

467. 

0 

8506 

13... 

1.0189 

78. 

0 

9929 

143. 

0 

9675 

208. 

0.9427 

273. 

0.9186 

338. 

0.89S2 

403. 

0 

8724 

468. 

0 

8503 

14... 

1.0185 

79. 

0 

9925 

144. 

0 

9671 

209. 

0.9423 

274. 

0.9182 

339. 

0,8948 

404. 

0 

8720 

469. 

0 

8499 

IS... 

1.0181 

80. 

0 

9921 

145. 

0 

9667 

210, 

0.9419 

275. 

0.9179 

340. 

0.8945 

405. 

0 

8717 

470. 

0 

8496 

16... 

1.0177 

81. 

0 

9917 

146. 

0 

9663 

211 

0.9415 

276 

0.9175 

341. 

0.8941 

406. 

0 

8714 

471. 

0 

8493 

17... 

1.0173 

82. 

0 

9913 

147. 

0 

9659 

212 

0.9412 

277. 

0.9171 

342. 

0.8938 

407. 

0 

8710 

472. 

0 

8489 

18... 

1.0169 

83. 

0 

9909 

148. 

0 

9655 

213. 

0.9408 

278. 

0.9168 

343. 

0.8934 

408. 

0 

8707 

473. 

0 

8486 

19... 

1.0165 

84. 

0 

9905 

149. 

0 

9651 

214. 

0.9405 

279. 

0.9164 

344. 

0.8930 

409, 

0 

8703 

474. 

0 

8482 

20.., 

1.0161 

85 

0 

9901 

150. 

0 

9647 

215. 

0.9401 

280. 

0.9160 

345. 

0.8927 

410. 

0 

8700 

475. 

0 

8479 

21... 

. 1,0157 

86. 

0 

9897 

151. 

0 

9643 

216 

0.9397 

281 

0.9157 

346. 

0.8923 

411. 

0 

8696 

476. 

0 

8476 

22... 

. 1.0153 

87, 

0 

9893 

1,S2 

0 

9639 

217. 

0.9393 

282, 

0,9153 

347. 

0.8920 

412. 

0 

8693 

4VV. 

0 

8472 

2,3.., 

. 1.0148 

88. 

0 

98X9 

153. 

0 

9636 

218. 

0.9390 

283. 

0.9149 

348. 

0.8916 

413, 

0 

8689 

478. 

u 

8469 

24... 

, 1.0144 

89. 

0 

9885 

154. 

0 

9632 

219- 

0.9386 

284. 

0.9146 

349. 

0.8913 

414. 

0 

8686 

479. 

0 

8466 

2,S... 

. 1.0140 

90, 

0 

98X1 

155. 

0 

9628 

220. 

0.9382 

285. 

0.9142 

350. 

0.8909 

415, 

0 

8683 

480. 

0 

8462 

26... 

, 1.0136 

91, 

n 

9X77 

1,56 

0 

9624 

221 

0.9378 

286. 

0.9139 

351, 

0.8906 

416. 

0 

8679 

481. 

0 

8459 

27.,, 

. 1.0132 

92, 

0 

9873 

1.57 

0 

9620 

222. 

0.9374 

287 

0.9135 

352, 

0.8902 

417. 

0 

«()/6 

482. 

0 

84,36 

28... 

. 1.0123 

93. 

0 

9X69 

158. 

0 

9616 

223. 

0.9371 

288. 

0.9131 

353. 

0.8899 

418. 

0 

8672 

483. 

0 

84.32 

29... 

. 1 0124 

94. 

0 

9865 

159. 

0 

9612 

224. 

0.9367 

289. 

0.9128 

354. 

0.8895 

419. 

0 

8669 

484. 

0 

8449 

.30... 

. 1.0120 

95. 

n 

9861 

160, 

0 

9608 

225. 

0.9363 

290. 

0.9124 

355. 

0.8892 

420. 

0 

8665 

485. 

0 

8446 

.31... 

. 1.0116 

96 

0 

9857 

161. 

0 

9604 

226. 

0.9359 

291. 

0.9120 

356, 

0.8888 

421. 

0 

8062 

486. 

0 

8442 

32... 

. 1.0112 

97. 

0 

98.53 

162., 

0. 

.9601 

227. 

0.93S6 

292, 

0.9117 

357. 

0.8884 

422. 

0 

8659 

487. 

0 

8439 

33.. 

. 1.0108 

98. 

0 

9849 

163., 

0, 

.9597 

228. 

0.9352 

293. 

0.9113 

358. 

0.8881 

423. 

0 

8655 

488. 

0 

8436 

34... 

. 1.0104 

99. 

. 0 

.9845 

164., 

0, 

.9594 

229.. 

0.9349 

294.. 

0.9110 

359.. 

0.8877 

424., 

0 

.8652 

489, 

0 

8432 

35... 

. 1.0100 

100. 

. 0 

.9841 

165., 

0, 

.9590 

230.. 

0.9345 

295.. 

0.9106 

360.. 

0.8874 

425,, 

0 

.8648 

490, 

0. 

8429 

36... 

. 1.0096 

101. 

, 0 

.9837 

166. 

0, 

.9386 

231.. 

0.9341 

296.. 

0.9102 

361.. 

0.8870 

426.. 

0 

.8645 

491. 

0, 

8426 

37... 

. 1.0092 

102, 

, 0 

.9833 

167., 

0, 

.9582 

232.. 

0.9337 

297,. 

0.9099 

362.. 

0.8867 

427.. 

0 

.8641 

492. 

0. 

8422 

38... 

. 1.0088 

103,. 

. 0 

.9830 

168,, 

0, 

.9578 

233.. 

0.9.334 

298.. 

0.9095 

363.. 

0.8863 

428.. 

0, 

.8638 

493. 

0, 

8419 

39... 

. 1.0084 

104.. 

. 0 

.9826 

169., 

0. 

.9574 

234., 

0.9330 

299.. 

0.9091 

364.. 

0.8860 

429.. 

0, 

,8635 

494. 

0. 

8416 

40... 

. 1.0080 

105, 

. 0 

.9822 

170., 

0, 

.9570 

235.. 

0.9326 

300.. 

0.9088 

365.. 

0.8856 

430,. 

0, 

.8631 

495. 

0, 

8413 

41... 

. 1.0076 

106. 

. 0 

.9818 

171.. 

0. 

.9566 

236., 

0.9.322 

301.. 

0.9084 

366.. 

0.8853 

431.. 

0 

.8628 

496, 

0. 

8409 

42... 

. 1.0072 

107. 

. 0 

.9814 

172., 

0, 

.9562 

237.. 

0.9318 

302.. 

0.9081 

367.. 

0.8849 

432.. 

0, 

.8624 

497. 

0. 

8406 

43... 

, 1.0068 

108. 

. 0 

.9811 

173, 

0. 

.9559 

238.. 

0.9315 

303.. 

0.9077 

368,. 

0.8846 

433.. 

0. 

.8621 

498. 

0, 

8403 

44... 

. 1.0064 

109, 

. 0 

.9807 

174., 

0 

.9555 

239.. 

0.9311 

304.. 

0.9073 

369.. 

0.8842 

434.. 

0. 

.8618 

499. 

0, 

8399 

45... 

.1.0060 

110. 

. 0 

.9803 

175. 

0 

.9551 

240.. 

0.9307 

305., 

0.9070 

370,. 

0.8839 

435.. 

0 

.8614 




46... 

. 1.0056 

111. 

. 0 

.9799 

176. 

0 

.9547 

241.. 

0.9303 

306,, 

0.9066 

371.. 

0.8835 

436.. 

, 0 

.8611 




47... 

. 1,0052 

112. 

. 0 

.9795 

177. 

0 

.9543 

242.. 

0.9300 

307., 

0.9063 

372.. 

0.8832 

4.37.. 

0 

.8607 




48,. 

.. 1.0048 

113, 

. 0 

.9791 

178. 

0 

.9540 

243.. 

0.9296 

308.. 

0.9059 

373,. 

0.8828 

438.. 

, 0 

.8604 




49... 

, 1.0044 

114. 

. 0 

.9787 

179., 

0 

.9536 

244. . 

0.9293 

309.. 

0.9055 

374.. 

0.8825 

439.. 

. 0 

.8601 




50... 

. 1.0040 

115. 

. 0 

.9783 

180. 

0 

.9532 

245.. 

0.9289 

310., 

. 0.9052 

375.. 

0.8821 

440.. 

0 

.8597 




51... 

. 1.0036 

116. 

. 0 

.9779 

181.. 

0, 

.9528 

246.. 

0.9285 

311.. 

0.9048 

376.. 

0.8818 

441., 

, 0 

.8594 




52... 

. 1.0032 

117, 

. 0 

.9775 

182. 

0. 

.9524 

247.. 

0.9281 

312.. 

0.9045 

377,, 

0.8814 

442.. 

, 0 

.8.390 




53... 

. 1.0028 

118. 

. 0 

.9771 

183.. 

, 0, 

.9,521 

248.. 

0.9278 

313., 

0.9041 

378.. 

0.8811 

443., 

, 0 

.8587 




54... 

. 1.0024 

119. 

. 0 

.9767 

184.. 

, 0, 

.9517 

249.. 

0.9274 

314,, 

. 0.9037 

379., 

0.8807 

444., 

, 0 

.8584 




SS... 

. 1.0020 

120. 

. 0 

.9763 

185., 

. 0 

.9513 

250., 

, 0.9270 

315.. 

0.9034 

380.. 

0.8804 

445., 

, 0 

.8580 




56... 

. 1.0016 

121. 

. 0 

.9759 

186.. 

, 0, 

,9509 

251.. 

0.9267 

316.. 

0.9030 

381.. 

0.8800 

446., 

, 0 

.8577 




57... 

. 1.0012 

122. 

. 0 

.9755 

187. 

0. 

,9505 

252.. 

0.9263 

317., 

0.9027 

382.. 

0.8797 

447., 

. 0 

.8573 




58... 

. 1.0008 

123. 

. 0 

.9752 

188., 

, 0, 

.9502 

253., 

, 0.9259 

318.. 

0.9023 

383., 

0.S793 

448., 

. 0 

.8570 




59... 

. 1.0004 

124. 

. 0 

.9748 

189., 

. 0 

.9498 

254 . 

Q. 92.56 

319., 

. 0.9020 

384. , 

0.8790 

449., 

, 0 

.8567 




60... 

. 1.0000 

125. 

. 0 

.9744 

190, 

, 0 

.9494 

255 . 

. 0.9252 

320., 

. 0.9016 

385. 

0.8786 

450. 

. 0 

.8563 




61... 

. 0.9996 

126. 

. 0 

.9740 

191. , 

, 0, 

.9490 

256.. 

0.9248 

321.. 

,0.9012 

386., 

0.8782 

451. 

. 0 

.8560 




62... 

. 0.9992 

127, 

. 0 

.9736 

192., 

, 0 

.9487 

257.. 

0.9245 : 

322., 

, 0.9009 

387.. 

0.8779 

452. 

. 0 

.8557 




63... 

. 0.9988 

128. 

. 0 

.9732 

193. 

. 0 

.9483 

2,58.. 

, 0.9241 

323. , 

, 0.9005 

388,. 

0.8776 

453. 

. 0 

.85.33 




64... 

. 0,9984 

129. 

. 0 

.9728 

194.. 

. 0, 

.9480 

259., 

. 0,9237 

324. 

, 0.9002 

389. 

0.8772 

454. 

. 0 

.8550 





These tables for Group 0 and Group 1 have been adopted as standard by the Society as volume correction tables 
lor asphaltic products on the joint recommendation of A.S,T.M. Committee D -4 on Road and Paving Materials and 
Committee D-8 on Bituminous Wa-terproofing and Hoofing Materials. 
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STANDARD ABRIDGED VOLUME CORRECTION TABLE FOR PETROLEUM OILS 

Group 2 


Legend : t ■> observed temperature in degrees Fahrenheit; M ■= multiplier for reducing oil volumes to the basis of 60 F. 



Group 3 


Legend: t = observed temperature in degrees Fahrenheit; M = multiplier for reducing oil volumes to the basis of 60 F. 



Group 4 


Legend: t •=■ observed temperature in degrees Fahrenheit; M = multiplier for reducing oil volumes to the basis of 60 F. 



en'r 




STANDARD ABRIDGED VOLUME CORRECTION TABLE FOR PETROLEUM OILS 

Group 5 

LegeBd: t « observed temperature in degrees Fahrenheit; M ■= multiplier for reducing oil volumes to the basis of 50 F, 


M t M t 


20.. ... 1.0319 40 1.0160 

21 I.Q311 41 1.0152 

22 1.0303 42 1.0144 

23 1.0296 43 1.0136 

24 1.Q28S 44 1.0128 

25 1.0280 45 1.0120 

26 1.0272 46 1.0112 

27 1.0264 47 1.0104 

28 1.0256 48 1.0096 

29 1.0248 49 1.0088 

30 1.0240 SO 1.0080 

31.. ... 1.0232 51 1.0072 

32 1.0224 52 1.0064 

33 1.0216 S3 1.0056 

34 1.0208 54 1.0048 

35 1.0200 55 1.0040, 

36 1.0192 56 1.0032 

37 1.0184 57 1.0024 

38 1.0176 58 1.0016 

39 1.0168 59 1.0C08 


65 0.9960 85 

66 0.9952 86 

67 0.9944 87 

68 0.9935 88 

69 0.9927 89 


, 0.9833 100., 
. 0.98.30 10!.. 
, 0.9822 102.. 
, 0.9814 103.. 


,0.9798 105.. 
, 0.9790 106,. 
.0.9782 107.. 


0.9757 110. 
0.9749 ill. 
0.9741 112. 
0.9733 113., 
0.9725 114,, 


0.9676 120.... 0.9,313 
0.9668 121.... 0.9S0S 
0.9660 122.... 0.9497 
0.9652 123.... 0.9489 
0.9643 124.... 0.9480 


Group 6 

Legend ; t observed temperature in degrees Fahrenheit: M •= multiplier for reducing oil v'oluines to the basis of 60 F. 


0 1.0501 

1 1.0493 

2 1.0484 

3 1.0476 

4 1.0467 

5 1.0459 

6 1.0451 

7 1.0443 

8 1.0434 

9 1.0426 

10 1.0418 

11 1.0410 

12 1.0402 

13 1.0393 

14. i.... 1.0385 

15 1.0377 

16 1.0369 

17 1.0360 

18 1.0.352 

19 1.0343 


90 0.9745 110. 

91 0.9736 111, 

92 0.9727 112. 

93 0.9719 113. 

94 0.9710 114. 


Group 7 

Legend: t °° observed temperature in degrees Fahrenheit; M = multiplier for reducing oil volumes to the b; 


0 1.0531 20 1.0356 

1 1.0522 21 1.0347 

2 1.0513 22 1.0338 

3 l.OSOS 23 1,0330 

4 1.0496 24 1.0321 


6 1.0478 26.. 

7.. .. 1.0470 27.. 

8.. . 1.0461 28.. 

9 1.0453 29.. 


. 1.0444 30 1.0268 

. 1.0435 31 1.0259 

. 1.0426 32 1.0250 

. 1.0418 33 1.0242 

. 1.0409 ,34............ 1.0233 

. 1.0400 35. 1.0224 

. 1.0391 36 1.0215 

. 1-0382 37 1.0206 

, 1.0374 38 1.0197 

. 1.0365 39 1.0188 


40 1.0179 

41 1.0170 

42 1.0161 

43 1.01S2 

44 1.0143 

45 1.0134 

46 1,0125 

47 1.0116 

48 1-0108 

49 1.0099 

SO....... 1.0090 

51 l.OOSl 

52 1.0072 

53 1.0063 

54 1.0054 

55 1.0045 

56 1.0036 

57 1.0027 

58 1,0018 

59 1.0009 


65 0 99.35 85. 

66 0.9946 86. 

67 0.9937 87, 

68 0.9928 88. 

69 0.9919 89. 

70 0.9910 90. 

71 0.9901 91. 

72 0.9892 92 . 

73 0.9883 93. 

74 0.9874 94. 

75 0.9865 95. 

76 0.9856 96. 

77 0,9847 97. 

78 0.9838 98. 

79 0.9829 99. 
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APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: 211.9-1940 


AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: T 55-42 


Standard Method of Test for 

WATER IN PETROLEUM PRODUCTS AND OTHER 
BITUMINOUS MATERIALS^ 



A.S.T.M. Designation: D 95 - 40 
Adopted, 1924; Revised, 1927, 1928, 1930, 1940.® 

This Standard of the American Society for Testing Materials is issued under 
the fi.’ied designation D 95; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, This method of test is intended for 
use in the determination of the water in a 
sample of bituminous material by dis- 
tilling the sample with a volatile solvent. 
The method is suitable for a variety of 
materials but is especially applicable to 
petroleum, fuel oil, road oil, coal tar, 
water-gas tar, coke-oven tar, and other 
petroleum products or bituminous ma- 
terials. 

Note. — For the determination of water in 
grease reference should be made to the proce- 
dure described in the Standard Methods of Anal- 
ysis of Grease (A.S.T.M. Designation: D 128) 
of the American Society for Testing Materials.® 

Apparatus 

2. (a) The apparatus shall consist of a 
metal still or glass flask, heated by suit- 
able means and provided with a reflux 
condenser discharging into a trap con- 
nected to the still or flask. The trap 

1 Under the standardization procedure of the Society, 
this method is under the joint jurisdiction of A.S.T.M. 
Committee D-2 on Petroleum Products and Lubricants 
and Committee D-4 on Road and Paving Materials. 

2 Prior to adoption as standard, this method was pub- . 
lished as tentative from 1921 to 1924, being revised in 1923 
and 1924. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


serves to collect and measure the con- 
densed water and to return the solvent 
to the still. The type of distilling appa- 
ratus used is not an essential feature of 
this method, but glass has been generally 
used for petroleum products and the 
metal still for road materials and tars. 

(6) Metal SHIL — The metal still (Fig. 
1 (a)) shall be a vertical cylindrical 
vessel, preferably of copper, having a 
faced flange at the top to which the head 
is tightly attached by means of a clamp. 
The head shall be of metal, preferably 
of brass or copper, and be provided with 
a tabulation 1 in. in inside diameter. 

(c) Glass Flask . — The glass flask (Fig. 
1 (jb)) shall be of the short neck, round- 
bottom type, made of well-annealed 
glass, having an approximate capacity 
of sob ml. 

(d) Heat Source . — The burner used 
with the metal still shall be a ring gas 
burner 4 in. (100 mm.) in inside di- 
ameter. With the glass flask, an ordi- 
nary gas burner or electric heater may be 
used as the source of heat. 

{e) Condenser . — The condenser shall 
be of the water-cooled, reflux, glass-tube 
type, having a condenser jacket not less 
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than 400 mm. (15f in.) in length, with 
an inner tube 9.5 to 12.7 mm. (f to | in.) 
in outside diameter. The end of the 
condenser to be inserted in the trap shall 
be ground o£F at an angle of 30 ±5 deg. 
from the vertical axis of the condenser. 

(/) Trap . — The trap shall be made of 
well-annealed glass constructed in ac- 


Solveiit^“ 

3. {a) The solvent used when testing 
petroleum products or bituminous ma- 
terials derived from petroleum shall 
be petroleum naphtha and shall con- 
form to the following distillation re- 
quirements: 



(94.0mm.iSJrnm.) (IOL6mm.) 

(o) Q>) {c) 


A 45 to 55 mm IJi to2H in 

B (Inside Diameter) ... 14 to 16 mm % to % in 
C (Inside Diameter) ... 12 to 16 mm. H to H in 

D 150 to 170 mm. 6 to 6?^ in 

E 25 to 3Smra. 1 tol}4in 

P 100 to 108 mm. 4 to4J4in 

H (Inside Diameter) ... 18 to 19 mm. % to % in 

Fig. 1. —-Apparatus for Determining Water. 


cordaiice with Fig. 1 (c) and shall be 
graduated from 0 to 10 ml. in 0.1-ml. 
divisions. The error of any indicated 
capacity shall not be greater than 0.05 
ml. The outside diameters should be 
preferably 2.5 to 3.5 mm. to | in.) 
greater than the inside diameters 
specified. 


5 per cent shall distill at a temperature 
not below 194 F. (90 C.) nor above 
212 F. (100 C.) 

90 per cent shall distill below 410 F. 
(210 C.) 

(b) The solvent used when testing 
bituminous materials derived from coal 
tar, water-gas tar, etc., shall be coal-tar 

Editorially revised in 194.1 - 
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naphtha or a light oil and shall conform 
to the following distillation requirement: 

98 per cent shall distill between 248 F. 

(120 C.) and 482 F. (250 G.) 

(c) The distillation requirements 
specified for the solvents in Paragraphs 
(a) and (6) shall be determined in ac- 
cordance with the Standard Method of 
Test for Distillation of Gasoline, Naph- 
tha, Kerosine, and Similar Petroleum 
Products (A.S.T.M, Designation: D 86) 
of the American Society for Testing 
Materials.'^ 

Sample 

4. The sample shall be thoroughly 
representative of the material to be 
tested and the portion of the sample 
used for the test shall be thoroughly 
representative of the sample itself. De- 
viation from this requirement shall not 
be permitted. 

Note. — The difficulties in obtainbg proper 
representative samples for this determination 
are unusually great so that the importance of 
sampling cannot be too strongly emphasized. 

Procedure 

5. (a) When the sample to be tested 
contains less than 10 per cent of water, 
exactly 100 ml. of the material to be 
tested shall be placed into the still or 
flask and thoroughly mixed with an 
equal volume of solvent by swirling, 
proper care being taken to avoid any 
loss of material. If the material is 
measured by volume, an accurate 100- 
ml. graduated cylinder shall be used and 
the contents transferred to the still by 
rinsing with one 50-ml. portion of solvent 
followed by two successive 25-ml. por- 
tions of solvent, the cylinder being al- 
lowed to drain each time. When the 
sample to be tested contains more than 
10 per cent of water, the volume of ma- 


terial used shall be decreased to that 
which will yield somewhat less than 10 
ml. of water. 

Note. — In special cases where the water 
content exceeds 10 per cent and it is not desir- 
able to reduce the size of the sample to that 
which will yield somewhat less than 10 ml. of 
water, a distilling tube receiver graduated from 
0 to 25 ml. may be used. This tube shall be 
graduated from 0 to 2 ml. in 0.1-ml. divisions 
and from 2 to 25 ml. in 0.2-ml. divisions (see 
Fig. 3 (c) of the Standard Methods of Test- 
ing Emulsified Asphalts (A.S.T.M. Designa- 
tion: D 244) of the American Society for 
Testing Materials).® 

(6) The connections between the still 
or flask, trap, and condenser shall be 
made by means of tight-fitting corks as 
shown in Figs. 1 (a) and (b). The end 
of the condenser inserted in the trap 
shall be adjusted to that position which 
will allow the end to be submerged to a 
depth of not more than 1 mm. below the 
surface of the liquid in the trap after 
distillation conditions have been es- 
tablished. When the metal still is used, 
a heavy paper gasket moistened with the 
solvent shall be inserted between the lid 
and flange before attaching the clamp. 
A loose cotton plug shall be inserted in 
the top of the condenser tube to prevent 
condensation of atmospheric moisture in 
the condenser tube, 

(c) Heat shall then be applied and so 
regulated that the condensed distillate 
falls from tlie end of the condenser at 
the rate of from 2 to 5 drop.s per sec. 
The ring burner used with the metal still 
should be placed about 3 in. above the 
bottom of the still at the beginning of 
the distillation and gradually lowered 
as the distillation proceeds. 

(d) The distillation shall be continued 
at the specified rate until no water is 
visible on any part of the apparatus ex- 
cept at tlie bottom of the trap. This 
operation usually requires less than an 
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hour. A persistent ring of condensed 
water in the condenser tube shall be re- 
moved by increasing the rate of distilla- 
tion for a few minutes. 

Calculations 

6. The volume of condensed water 
measured in the trap at room tempera- 
ture multiplied by 100 and divided by 
tlie volume of the sample used shall be 


the percentage of water and shall be re- 
ported as - per cent water by 

volume, A.S.T.M. Method D 95,” 

Reproducibility of Results 

7. Duplicate determinations of water 
by this method should not differ from 
each other by more than one division on 
the trap. 



Recommended Practice for 
BITUMINOUS PAVING PLANT INSPECTION^ 



A.S.T.M. Designation; D 290 - 39 
Adopted, 1939.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 290j the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This recommended practice defines 
the authority and duties of the inspector 
at a bituminous paving plant. 

Definitions 

2. {a) Engineer . — Throughout this 
recommended practice the term engi- 
neer shall be construed to mean the en- 
gineer in responsible charge of the work 
or his duly recognized or authorized 
laboratory; or, in the absence of an en- 
gineer, the purchaser or his duly author- 
ized laboratory. 

(6) Contractor . — The term contractor 
shall be construed to mean the party 
to the contract who has agreed to supply 
materials and perform work in accord- 
ance with the specifications, or his duly 
authorized representative at the plant. 

(c) Laboratory . — The term laboratory 
shall be construed to mean any super- 
vising laboratory duly authorized by the 

1 Under -the standardization procedure of the Society, 
this recommended practice is under the jurisdiction of 
the A.S.T.M. Committee D-4 on Road and Paving Ma- 
terials. 

® Prior to adoption as standard, this recommended 
practice was published as tentative from 1928 to 1939, 
being revised in 1939. 


engineer to direct and advise the inspec- 
tor in the discharge of his duties. 

(d) Plant Laboratory . — ^The term 
plant laboratory shall be construed to 
mean the laboratory operated by or 
under the direction of the plant inspec- 
tor at the plant. 

Responsibilities and General 
Duties oe Inspector 
Authority 

3. The inspector shall be provided 
with written authority from the engi- 
neer to enable him to insist on the ful- 
fillment of specifications covering mate- 
rials, plant procedure, and products; and 
the rejection of such materials, procedure, 
and products failing to conform to the 
specifications. The inspector shall have 
available a copy of the specifications 
applying to the particular project, and 
shall be furnished immediately in writ- 
ing with copies of all modifications, 
amendments, and instructions affecting 
the product of the plant. The inspector 
shall recognize the right of the contrac- 
tor to use such apparatus, methods, and 
personnel as he deems proper, provided 
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TABLE I.-INDEX OF SAMPLING BITUMINOUS PAVING MATERIALS. 


Material 

Method 

Quantity 

When Collected 

By Whom 
Tested 

Asphalt Sand 

Tentative Methods of 
Sampling Stone, 

Slag, Gravel, Sand, 
and Stone Block for 
Use as Highway Ma- 
terials (A.S.T.M. 
Designation: D 75) 
of the American So- 
ciety for Testing 
Materials* 

Sib. 

Each car or boat and 
truck deliveries by 
special instructions 
from preliminary or 
first shipments from 
given source, or 
when source or sup- 
ply changes, or if 
change occurs in ma- 
terials received 

Laboratory 




Daily from subsequent 
shipments, and sand 
in use from stock 
pile 

Plant Labora- 
tory 

Screenings 

Same as for asphalt 
sand 

Sib. 

Same as for asphalt 
sand 

Same as for as- 
phalt sand 

Crushed Stone 

Same as for asphalt 
sand 

15 to 20 lb. 

Same as for asphalt 
sand 

Same as for as- 
phalt sand 

Filler 

.Composite from eight 
to ten sacks, mixing 
and quartering 

5 lb. 

Same as for asphalt 
sand 

Same as for as- 
phalt sand 

Heated Aggregates 

By use of shovel as ag- 
gregate flows from 
storage bin 

S to 20 lb., depending 
on whether coarse or 
fine aggregate 

At least daily 

Plant Labora- 
tory 

A 

Asphalt Cement • 

Tentative Methods 
of Sampling Bitu- 
minous Materials 
(A.S.T.M. Designa- 
tion: D 140) of tlie 
American Society 
for Testing Mate- 
rials* 

1 qt. 

Each car or boat 

Laboratory 

B 

In metal container 
from valve over as- 
phalt bucket on 
plant. Mixed and 
poured into 3-oz. can 

3 oz. 

Daily® 

Plant Labora- 
tory and Lab- 
oratory 

Crude Asphalt 

Refined Asphalt 

Flux 

Tentative Methods of 
Sampling Bitumi- 
nous Materials 

(A.S.T.M. Designa- 
tion; D 140) of the 
American Society 
for Testing Mate- 
rials* 

1 qt. 

Tqt. 

1 qt. 

Each car or boat 

Each car or boat 

Each car or boat 

Laboratory . 

Laboratory 

Laboratory 

„ A. To determine av- 
a erage daily anal- 

3 ysis of mixture — 

S , 

Conrposite from num- 
ber of batches 

4 oz., min., for sheet 
asphalt; 5 lb., min., 
for asphaltic con- 
crete or binder 

Daily 

Laboratory 

-o ' B. For determlna- 
.S tion of unifonn- 

•g ity of individual 

■S or of different 

batches 

From individual 

batches 

4 oz., min., for sheet 
asphalt; S lb., min., 
for asphaltic con- 
crete or binder 

As directed 

Laboratory 

Asphalt Block 

Select blocks represent- 
ative of production 

2 blocks 

Daily 

Laboratory 

“ When fluxing at pavi 
and completely mixed. T 

tiff ijiants, preliminary 3-oz. samples shall also be t 
his is in addition to daily 3-oz. sample as provider 

iken from each melting kettle, when ready 
above. 


3 Appears in this publication, see Contents in Numeric Sequence of A.S.T.M. Designations at front of book. 
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it is within the specifications. Any ap- 
peal on the part of the contractor from 
rejections shall be made in writing to the 
engineer, with a copy to the inspector, 
unless otherwise provided in the con- 
tract. 

Cooperation 

4. It shall be the duty of the plant in- 
spector to cooperate in every reasonable 
way with the contractor so as to assist 
in obtaining economical and efl&cient 
plant operation; and with the pavement 
inspector in all plant matters relating 
to the economical production of a satis- 
factory material conforming to the spec- 
ifications. 

Duties 

5. In addition to the responsibilities 
specified in Sections 3 and 4, the duties 
of the plant inspector shall be: 

(а) To ascertain that the plant is 
equipped and operated at all times in 
conformity with the specifications (see 
Section 6), 

(б) To collect and submit to the 
laboratory or to test, as directed, sam- 
ples to be used at the plant (see Sections 
7 to 13, inclusive, and Table I), 

(c) To control the proportions and 
temperatures of mixtures and of mate- 
rials within such limits as are assigned 
to him, and to insure that the products 
of the plant are otherwise in accordance 
with the specifications (see Sections 14 
to 18), 

(d) To conduct required plant-labora- 
tory tests of materials (see Sections 19 
to 24), 

(e) To record the output of the plant, 
and, as required, the delivery and con- 
sumption of materials at the plant (see 
Section 25), 

(/) To fulfill other assigned duties, 
(see Section 26), and 

(g) To submit daily reports (see Sec- 
tions 27 and 28). 


Plant Equipment and Operation 
Plant Equipment and Operation 

6. The inspector shall ascertain as 
early as possible that the plant is 
equipped in accordance with specifica- 
tions and capable of producing a mix- 
ture conforming to the requirements of 
the specifications. He shall also de- 
termine if the liners, gate, and blades of 
the mixer are in satisfactory condition 
for efficient mixing. He shall make all 
necessary determinations of the accuracy 
of scales, using standard weights, and 
of the volume of various containers if 
used in the proportioning of mixtures. 
During the operation of the plant, he 
shall check at frequent intervals the 
accuracy of various scales used in de- 
termining the weight of each material. 
He shall examine sieves used in separat- 
ing heated aggregates for bin storage to 
see that the sieve openings are of the 
proper size, and that the various sieve 
sections are properly placed over the 
bins. 

Sampling 

Sampling 

7. As far as possible in advance, and 
preferably at least three to five days be- 
fore beginning work on each contract, 
samples of each material to be used in 
the mixtures shall be collected by the 
inspector and submitted to the labora- 
tory or tested by him as directed as 
shown in Table I. Should the sources 
of supply of any material received 
change from that represented by the 
first sample taken by the inspector, new 
samples shall be submitted by the in- 
spector. 

Marking 

8. Beginning at the start of operations 
on a given contract, the inspector shall 
assign class designations to each class of 
material being sampled, and each sample 
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selected shall be numbered serially in 
that class, continuing numerically until 
the completion of the work. Care shall 
be taken that the series of numbers is 
not broken or numbers duplicated. All 
samples sent to the laboratory shall be 
marked in such a manner as to insure 
complete identification. Letters and 
numbers may be scratched or punched 
clearly on tin cans, and marked with 
ink or paint on other sample containers 
or on sections of pavement. 

Asphalt Cement 

9. (a) Daily control samples of as- 
phalt cement and mixtures shall be se- 
lected and, at the end of the day’s work, 
forwarded to the laboratory without 
delay. 

(&) Daily samples of asphalt cement 
which the inspector has tested for pene- 
tration shall be forwarded to the labo- 
ratory. 

Crude Asphalt, Refined Asphalt, and 

Flux 

10. When forwarding samples of crude 
asphalt, refined asphalt, and flux to the 
laboratory, in the inspection covering 
the manufacture of asphalt blocks, in- 
formation shall also be furnished rela- 
tive to the proportions by weight being 
used so that proper combination can be 
made for analysis and check determina- 
tions. 

Sheet Asphalt Surface Mixture 

11. Daily samples of sheet asphalt 
surface mixtures shall be obtained by the 
inspector for the laboratory. Each sam- 
ple shall consist of small quantities from 
not less than ten, and preferably more, 
separate batches. The portions selected 
shall be molded into a container pro- 
vided for that purpose. Care shall be 
taken in selecting and after collection of 
these samples to prevent contamina- 
tion by dust or other foreign material. 


It is desirable to scrape away the top 
material in a batch before sampling to 
prevent any contamination. 

Bituminous Concrete 

12. (a) Control Samples . — Daily sam- 
ples of bituminous concrete mixtures 
shall be taken by the inspector, using 
either method (1) or (2) as follows : 

(1) Take small portions from a 
number of batches and store them on a 
metal plate until near the end of the 
day. At the end of this time heat the 
entire mass, taking care not to apply 
too high a temperature, mix thor- 
oughly, and select the sample in small 
portions from this mass. 

(2) Collect portions from one or 
more batches on a large shovel, mix 
thoroughly while still warm, and place 
a representative scoopful directly in a 
container. This operation shall be 
repeated as often as possible to repre- 
sent a maximum number of batches. 
Care shall be taken to avoid segrega- 
tion of either stone or bituminous mor- 
tar, and in selecting, the portions of the 
sample care shall be taken to scrape 
away the top material in a load so as to 
avoid dust or any segregated unrepre- 
sentative mixture. Precautions shall 
also be taken to prevent contamination, 
by dust or other foreign material, of 
the sample after collection. 

(&) Uniformity Samples , — Samples 
shall be taken by the inspector, as di- 
rected, to show the uniformity of the 
mixture by either selecting three sepa- 
rate portions from separate distinct spots 
in the batch, or by selecting a represent- 
ative sample from different individual 
batches throughout a day’s run. The 
samples collected shall be placed in 
separate containers and each container 
shall be properly identified and dis- 
tinctly marked “Uniformity Sample” 
furnishing also the temperature and 
length of time the batch was, mixed. 
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Rejected Materials 

13. Samples of all materials rejected 
by the inspector shall be forwarded to 
the laboratory. 

Preparation oe Mixtures 
Proportioning Materials 

14. Within the limits of the specifica- 
tions, the inspector shall receive instruc- 
tions from the engineer in regard to the 
desired proportion of each ingredient 
that enters into a mixture and the range 
of proportions within which he should 
work. It is advisable, whenever pos- 
sible, to have entire loads of the mixture 
weighed, as a further check on the weight 
or volumetric proportioning being used 
in the plant. 

Volumetric Proportioning 

15. (a) Dry Aggregates . — When dry, 
heated sand and stone are measured by 
volume, their weights per cubic foot, hot, 
shall be determined in order to calculate 
the proportions. The weight per cubic 
foot of the filler shall also be determined, 
at the approximate temperature of use, 
for calculating the correct amount to 
be added. 

(b) Wet Aggregates . — When wet sand, 
stone, and screenings are being measured 
by volume, the moisture content of each 
shall be determined by drying a repre- 
sentative sample and calculating the per- 
centage of moisture. Deductions for 
moisture shall be made from the weights 
of each material forming the total batch 
in calculating the required amount of 
asphalt cement. The percentage of 
moisture in aggregates shall always be 
entered on the daily report. The de- 
termination shall be made frequently on 
sand and fine screenings. Loss of fine 
material in the drying process shall be 
compensated for by the use of additional 
filler in proportioning. 


Proportioning by Weight 

16. (o) Asphalt cement shall always 
be measured by weight. The actual 
percentage of bitumen in the asphalt 
cement should be ascertained from the 
laboratory in order to determine the 
proportion of asphalt cement to be used 
in the mixture. 

Q}) The inspector should note whether 
the scales on the mixing platform are 
being handled carefully, taking care that 
the aggregate hoppers and asphalt 
bucket swing freely during the weighing 
and that the beam is brought to a float- 
ing position. He should note whether 
the asphalt bucket is drained com- 
pletely for each batch, and check the 
tare weight of the empty asphalt bucket 
at frequent intervals so as to compensate 
for the amount of asphalt clinging to the 
bucket after each pouring. Particular 
attention shall be paid to this point in 
cool weather and at times when there 
has been a long interval between loads. 

Combining Aggregates 

17. (a) The inspector shall give par- 
ticular attention to the combination of 
aggregates before they enter the drier, 
and especially to the combination of fine 
aggregates. Where the proportions of 
the final mixture are dependent upon the 
supply of aggregates to a belt conveyor 
or elevator, he shall see that the supply 
of each aggregate to the conveyor is 
continuous and uniform. When two or 
more kinds of aggregate are combined on 
the ground and measured in such con- 
tainers as wheelbarrows, which must be 
of equal volumes, the containers shall 
be struck oil to a level surface. Irregu- 
lar heaping shall not be permitted. 

(&) The inspector shall make certain 
that the mixer operator allows mineral 
aggregates to become thoroughly mixed 
before the addition of asphalt cement, 
and that the time of mixing is sufi&cient 
to prepare a uniform mixture. 
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Temperature of Materials 

18. (a) The inspector shall check the 
temperature of all ingredients of the 
mixture, especially mineral aggregates, 
and of the mixtures, as frequently as 
possible. He should assist plant em- 
ployees in every way in keeping tempera- 
tures uniform by notifying the plant 
foreman of any marked changes that he 
may observe. Should the aggregates 
be of improper temperature, mixing 
operations shall be discontinued until 
aggregates of the proper temperature are 
obtained. 

(b) The desired temperatures at the 
plant will depend upon the kind of mix- 
ture being prepared, the type of asphalt 
being used, weather conditions, and the 
length of haul The inspector should 
receive instructions as to the tempera- 
ture range desired for each contract. 

Plant Testing of Materials 
Sand 

19. The sands shall be tested daily in 
accordance with the Standard Method of 
Test for Sieve Analysis of Fine and 
Coarse Aggregates (A.S.T.M. Desig- 
nation: C 136) of the American Society 
for Testing Materials.® When two or 
more grades of sand are being received 
for use in combination, separate me- 
chanical analysis shall be made on 
shipments of each variety and the re- 
sultant combination calculated and 
shown on the daily report. The propor- 
tions in which sands are combined shall 
also be shown on the report. 

Filler 

20. Samples of the thoroughly dry 
filler shall be tested in accordance with 
the Standard Method of Test for Sieve 
Analysis of Mineral Filler (A.S.T.M. 
Designation: D 546) of the American 
Society for Testing Materials.® 


Screenings 

21. The mechanical analysis of screen- 
ings shall be determined on a dried sam- 
ple of not less than 250 g., and if the 
screenings are very coarse or contain a 
considerable percentage of particles 
larger than | in, in diameter, an amount 
up to 500 g. may be used. The sample 
shall be sieved on a No. 10 (2000-micron) 
sieve and the percentages retained on 
and passing this sieve shall be deter- 
mined. If the amount passing the No. 
10 sieve is much greater than 100 g,, 
a portion of it, after thorough mixing, 
may be selected for sieve analysis by 
quartering and then tested as previously 
specified in Section 19, The percentages 
retained on each sieve shall be calculated 
on the basis of the original sample. 
The portion retained on the No. 10 
sieve shall be sieved over various coarser 
sieves as may be required, 

Stone 

22. Coarse aggregate shall be tested 
for grading in accordance with the 
Standard Method of Test for Sieve 
Analysis of Fine and Coarse Aggregates 
(A.S.T.M. Designation: C 136) of the 
American Society for Testing Materials.® 
When stone is being used from a large 
stock pile, frequent mechanical analyses 
shall be made as the work progresses. 

Asphalt Cement 

23. (a) The inspector shall make daily 
penetration tests of each tank of asphalt 
cement used in the day’s work. The 
sample shall be placed in 3-oz. tin boxes 
and the test made in accordance with 
the Standard Method of Test for Pene- 
tration of Bituminous Materials (A.S. 
T.M, Designation: D 5) of the American 
Society for Testing Materials,® After 
the test, all water shall be drained from 
the samples, and the boxes closed with 
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State or County 

City, Twp. or Boro 

AoiriiAJLil JrluAJN JL JK.iJiJrUis.J. 

Street, Route, Appl. 

Sec. No. or Block 


Date 19 Weather Temp. AM.. . 

Type of Const Type of Plant. . , . 

Contractor 

Binder or S. C. Sta to Sta 

W. S. or B. C. Sta to Sta 


M F. A.P.No Eng.Dist 

Location of Plant 

Amount of Contract sq, yd. 

. Lineal ft. S. C. or Binder 

. Lineal ft. W. S. or B. C 


Temps. 


Hr. in 
Operation 


Binder or S. C., lb. per sq. yd... 
W. S. or B. C., lb. per sq. yd.... 


No. of sq. yd. , ^ 

No. of sq. yd. laid today, Completed Pav’t... 
No. of sq. yd. laid, total, Completed Pav’t... 


Foremen 

Engineers 

Skilled Labor 

Unskilled Labor.. 
Trucks 


Total Hours.. 


Refined Asphalt 

Flux 

Asphaltic Cement. . 

Filler (Dust) 

Portland Cement... 
Sand 


Gravel 

Crushed Stone. . 

Screenings 

Coal 

Coke 

Fuel Oil (gal.).. 
Lub. Oil (gal.) . . 


Samples to Laboratory 


No. 200.. 
No. 80..., 
No 40..., 
No 10 

No. 4 

i4 in 


W. S... 
B. C... 
S. C... 
A. C... 
R. A.., 


Filler 

Sand. 

Screenings. . 
Stone 


Tank No. 1 A. C. 


Tank No. 2 A. C. 


Batch Weights and Percentage of Mixtures 


Material 

Binder 

(lb.) 

Per 

Cent 

W. S. (lb.) 

Per 

Cent 

B. C. (lb.) 

Per 

Cent 

S. C. (lb.) 

Per 1 
Cent 


A. C 




1 ...... 




1 












Sand .... . 










Snrppningfs 










Stnnp . . - - 










Total - - 








TrrrTTrrr 

TZT 















Time arrived — 

Beginning of operation 

Time taken for lunch 

Time departed 

Note: 

A. C. == Asphalt Cement. 

B. C. = Bituminous Concrete. 
R. A. = Refined Asphalt. 


Record of Official Inspections. 

Calculations .Notes to L.abl Remarks 

Shown on reverse side (check items to which reference : 
made) 
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tightly fitting lids for shipment to the 
laboratory. 

(b) A working range of ten points 
penetration for the asphalt cement will 
usually be set by the specifications for 
each contract, and if results should show 
a deviation beyond this range a check 
determination shall be made. The in- 
spector should be instructed as to what 
action he should take when the penetra- 
tion of asphalt cement is not within the 
prescribed limits. 

Heated Aggregates 

24. Samples of aggregates which have 
passed through the drying and heating 
process shall be taken and tested at 
least once each day, and more frequently 
if necessary, to determine the uniformity 
of bin materials. Samples may be se- 
cured by passing a shovel or pan quickly 
through the stream of hot material as it 
flows from the storage bin. All tests 
of these materials shall be recorded on 
the plant report. The results will show: 
(1) when blended materials are being 
used, whether mixing is being carried 
on satisfactorily, and (2) whether separa- 
tion of aggregates by sizes has been 
complete. If the dried sand is con- 
taminated with stone, steps shall be 
taken to determine the cause and to 
make correction. 

Report 

Production of Plant 

25. The inspector shall record daily 
the time and hours of operation of the 
plant, the number of batches and num- 
ber of loads of each type of mixture pro- 
duced, and also the total amounts of 
each material used during the day and 
on hand at the end of the day. At 
times, the inspector may be required to 
record the locations at which mixtures 
were laid on the road. 


Miscellaneous Data 

26. When obtainable, the inspector 
may be required to report cost data, in- 
including the hours of work for each 
classification of labor, trucks, super- 
intendents, etc., and the rates of com- 
pensation. 

Daily Reports 

27. At the close of each working day, 
whether the plant is in operation or not, 
the inspector shall forward to the en- 
gineer and laboratory a consecutively 
numbered daily report, using a form 
which gives all the required information. 
All data pertinent to the work not 
covered by the form should be given on 
the reverse side of the report sheet, 
and communications of exceptional im- 
portance only should be sent separately 
from the report. When work is sus- 
pended for several days, the inspector 
may not be required to submit reports 
daily, but the last report should state 
why and for what periods work has been 
discontinued. The inspector shall re- 
tain copies of these reports and com- 
munications and, in addition, keep a 
daily record of all matters pertaining to 
his work, particularly as to his action 
in acceptance or rejection of materials 
with reasons therefor, instructions or 
suggestions to the contractor, and re- 
ceipt of instructions from the engineer 
or laboratory. 

Report Form 

28. A standard form of report is not 
practicable for all conditions and types 
of pavement, but the report form ap- 
pearing at the end of this recommended 
practice is a typical form showing the 
kind of information which should be 
included; additional data may be called 
for as required. 


Standard Definitions of 

TERMS RELATING TO MATERIALS FOR ROADS AND 
PAVEMENTS^ 

# 

A.S.T.M. Designation: D 8 - 33 
Adopted, 1912; Revised, 1915, 1918, 1932, 1933. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 8; the final number indicates the year of original 


adoption as standard or, in the case 

Bituminous Materials 
Relating in General to Bituminous 
Materials 

Bitumens. — Mixtures of hydrocarbons of 
natural or pyrogenous origin, or com- 
binations of both, frequently ac- 
companied by their non-metallic 
derivatives, which may be gaseous, 
liquid, semisolid, or solid, and which 
are completely soluble in carbon di- 
sulfide. 

Bituminous. — Containing bitumen or 
constituting the source of bitumen. 

Bituminous Emulsion. — A liquid mixture 
in which minute globules of bitumen 
are held in suspension in water or a 
watery solution. 

Cut-Back Products. — Petroleum or tar 
residuums which have been fluxed 
with distillates. 

Fluxes. — Bituminous materials, gener- 
ally liquid, in which the predominat- 
ing constituent is bitumen, used in 
combination with asphalts for the 
purpose of softening the latter. 

' Under the standardization procedure of the Society, 

these definitions are under the jurisdiction of the A.S.T.M. 

•Committee D.4 on Road and Paving Materials. 


of revision, the year of last revision. 

Liquid Bituminous Materials. — Those, 
having a penetration at 25 C. (77 F.), 
under a load of 50 g. applied for 1 
sec., of more than 350. 

Semisolid Bituminous Materials. — Those 
having a penetration at 25 C. (77 F.), 
under a load of 100 g. applied for 5 
sec., of more than 10, and a penetra- 
tion at 25 C. (77 F.), under a load of 
50 g. applied for 1 sec., of not more 
than 350. 

Solid Bituminous Materials. — Those hav- 
ing a penetration at 25 C. (77 F.), 
under a load of 100 g. applied for 5 
sec., of not more than 10. 

Relating Specifically to Petroleum or 
Asphalts 

Asphalts. — Black to dark-brown solid or 
semisolid cementitious materials which 
gradually liquefy when heated, in 
which the predominating constituents 
are bitumens all of which occur in the 
solid or semisolid form in nature or are 
obtained by refining petroleum, or 
which are combinations of the bitu- 
mens mentioned with each other or 
with petroleum or derivatives thereof. 
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Artificial Asphalt. — Recommended that 
the use of term be discontinued. 

Asphalt Cement. — A fluxed or unfluxed 
asphalt specially prepared as to qual- 
ity and consistency for direct use in 
the manufacture of bituminous pave- 
ments, and having a penetration at 
25 C. (77 F.) of between 5 and 250, 
under a load of 100 g. applied for 5 sec. 

Liquid Asphalt. — This is a trade term 
not subject to definition. 

Native Asphalt. — Asphalt occurring as 
such in nature. 

Road Asphalt. — This is a trade term not 
subject to definition. 

Rock Asphalt. — Sandstone or limestone 
naturally impregnated witli asphalt. 

Petroleum. — Liquid bitumen occurring 
as such in nature. 

Bloivn Petroleums. — Semisolid or solid 
products produced primarily by the 
action of air upon liquid native bitu- 
mens which are heated during the 
blowing process. 

T opped Petroleum. — Petroleum deprived 
of its more volatile constituents. 

Asphaltenes. — ^The components of the 
bitumen in petroleums, petroleum 
products, malthas, asphalt cements, 
and solid native bitumens, which are 
soluble in carbon disulfide but in- 
soluble in paraffin naphthas. 

Carbe7tes. — The components of the bitu- 
men in petroleums, petroleum prod- 
ucts, malthas, asphalt cements, and 
solid native bitumens, which are solu- 
ble in carbon disulfide but imsoluble 
in carbon tetrachloride. 

Relating Specifically to Tars and Pitches 

Tars. — Black to dark-brown bituminous 
condensates which yield substantial 
quantities of pitch when partially 
evaporated or fractionally distilled, 
and which are produced by destruc- 
tive distillation of organic material, 
such as coal, oil, lignite, peat, and 
wood. 


Coal Tar. — ^Tar produced by the de- 
structive distillation of bituminous 
coal. 

Gas-Eouse Coal Tar. — Coal tar produced 
in gas-house retorts in the manu- 
facture of illuminating gas from bitu- 
minous coal. 

Coke-Oven Tar. — Coal tar produced in 
by-product coke ovens in the manu- 
facture of coke from bituminous coal. 

Oil-gas Tars. — Tars produced by crack- 
ing oil vapors at high temperatures in 
the manufacture of oil gas. 

Water-Gas Tars. — Tars produced by 
cracking oil vapors at high tempera- 
tures in the manufacture of carbur- 
etted water-gas. 

Dehydrated Tars. — Tars from which all 
water has been removed. 

Refined Tar. — ^Tar freed from water by 
evaporation or distillation which is 
continued until the residue is of de- 
sired consistency; or a product pro- 
duced by fluxing tar residuum with 
tar distillate. 

Dead Oils. — Oils with a density greater 
than water which are distilled from 
tars. 

Pitches. — Black or dark-brown solid ce- 
mentitious residues which gradually 
liquefy when heated and which are 
produced by the partial evaporation 
or fractional distillation of tars. 

Straight-run Pitch. — A pitch run to the 
consistency desired, in the initial proc- 
ess of distillation, without subsequent 
fluxing. 

Free Carbon in Tars. — Organic matter 
which is insoluble in carbon disulfide. 

Relating Specifically to Tests 

Normal Temperalure. — As applied to 
laboratory observations of the physi- 
cal characteristics of bituminous ma- 
terials, is 25 C. (77 F). 

Consistency.— -ThQ degree of solidity or 
fluidity of bituminous materials. 


Deiinitions Relating to Road Materials (D 8 ~ 33) 


613 


Fixed Carbon. — ^The organic matter of 
the residual coke obtained upon burn- 
ing hydrocarbon products in a covered 
vessel in the absence of free oxygen. 

Penetration. — The consistency of a bitu- 
minous material expressed, as the dis- 
tance that a standard needle vertically 
penetrates a sample of the material 
under known conditions of loading, 
time and temperature. Where the 
conditions of test are not specifically 
mentioned, the load, time, and tem- 
perature are understood to be 100 g,, 
5 sec., and 25 C. (77 F.), respectively, 
and the units of penetration to indi- 
cate hundredths of a centimeter. 

Viscosity. — The measure of the resistance 
to flow of a bituminous material, 
usually stated as the time of flow of a 
given amount of the material through 
a given orifice. 

Nonbituminous Materials 

Relating in General to Nonbituminous 
Materials 

Aggregate. — The inert material, such as 
sand, gravel, shell, slag, or broken 
stone or combinations thereof, with 
which the cementing material is mixed 
to form a mortar or concrete. 

Matrix. — The binding material or mix- 
ture of binding material and fine ag- 
gregate in which the large aggregate 
is embedded or held in place, 

Crusher-Run. — The total unscreened 
product of a stone crusher. 

Stone Chips. — Small angular fragments 
of stone containing no dust. 

Tailings. — Stones which after going 
through the crusher do not pass 
through the largest openings of the 
screen. 

Rubble. — Rough stones of irregular 
shapes and sizes, broken from larger 


masses either naturally or artificially, 
as by geological action, in quarrying, 
or in stone cutting or blasting. 

Relating Specifically to Materials 

Bank Gravel. — Gravel found in natural 
deposits, usually more or less inter- 
mixed with fine material, such as sand 
or clay, or combinations thereof; 
gravelly clay, gravelly sand, clayey 
gravel and sandy gravel, indicate the 
varying proportions of the materials 
in the mixture. 

Clinker. — Generally a fused or partly 
fused by-product of the combustion 
of coal, but also including lava and 
portland-cement clinker, and partly 
vitrified slag and brick. 

Chert. — Compact siliceous rock formed 
of calcedonic or opaline silica, or both. 

Granite. — A granitoid igneous rock con- 
sisting of quartz, orthoclase, more or 
less oligoclase, biotite and muscovite. 

Gi'anitoid. — textural term to describe 
those igneous rocks which are entirely 
composed of recognizable minerals. 

Slag. — Fused or partly fused compounds 
of silica in combination with lime or 
other bases, resulting in secondary 
products from the reduction of metal- 
lic ores. 

Soil. — A mixture of fine earthy material 
with more or less organic matter re- 
sulting from the growth and decom- 
position of vegetation or animal mat- 
ter. 

Relating Specifically to 2'ests 

Mesh. — The square opening of a sieve. 

Screen. — In laboratory work an appa- 
ratus, in which the apertures are circu- 
lar, for separating sizes of material. 

Sieve. — In laboratory work an apparatus, 
in which the apertures are square, for 
separating sizes of material. 


Standard Method of 

PREPARING SOIL SAMPLES FOR MECHANICAL ANALYSIS 
AND DETERMINATION OF SUBGRADE SOIL CONSTANTS^ 



A.S.T.M. Designation: D 421 - 39 
Adopted, 1939.^ 

This Standard of tlie American Society for Testing Materials is issued under 
the fixed designation D 421; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers the preparation 
of soil samples as received from the field 
for mechanical analysis and the de- 
termination of the subgrade soil 
constants. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(а) Balance . — A balance sensitive to 
0.1 g. 

(б) Mortar . — A mortar and rubber- 
covered pestle suitable for breaking up 
the aggregations of soil particles. 

(c) Si&oes . — A series of sieves, of 
square mesh woven wire cloth, conform- 
ing to the Standard Specifications for 
Sieves for Testing Purposes (A.S.T.M, 
Designation: E 11) of the American 
Society for Testing Materials.® The 
sieves required are as follows: 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-18 on Soils for Engineering Purposes. 

* Prior to adoption as standard, this method was 
published as tentative from 1935 to 1939, being revised 
in 1938. 


No. 4 (4760-micron.) 

No. 10 (2000-micron) 

No. 40 ( 420-micron) 

No. 200 ( 74-micron) 

{d) Sampler . — A riffle sampler or sam- 
ple splitter, for quartering the samples. 

Sampling 

3. The soil sample as received from 
the field shall be dried thoroughly in 
the air and the aggregations shall then 
be thoroughly broken up in the mortar 
with a rubber-covered pestle. A repre- 
sentative test sample of the amount 
required to perform the desired tests 
shall then be selected by the method of 
quartering or by the use of a sampler. 
The amounts of material required to 
perform the individual tests are as 
follow's: 

(a) Mechanical Analysis . — For the 
mechanical analysis, material passing a 
No. 10 (2000-micron) sieve is required 
in amounts equal to 115 g. of sandy soils 
and 65 g. of either silt or clay soils. 

(b) Physical Tests . — For the physical 
tests, material passing the No. 40 (420- 
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micron) sieve is required in total amount 
equal to 200 g., allocated as follows: 


Test Grams 

Liquid limit 30 

Plastic limit 15 

Centrifuge moisture equivalent ... 10 

Field moisture equivalent 50 

Volumetric shrinkage 30 

Check tests 65 


Preparation of Test Sample 

4. (a) That portion of the air-dried 
sample selected for purpose of tests shall 
be weighed and the weight recorded as 
the weight of the total test sample un- 
corrected for hygroscopic moisture. 
The test sample shall be separated by 
sieving with a No. 10 (2000-micron) 
sieve. That fraction retained on the 
No. 10 sieve shall be ground in a mortar 
with a rubber-covered pestle until the 
aggregations of soil particles are broken 
up into the separate grains. The ground 
soil shall then be separated into two 
fractions by sieving with a No. 10 sieve. 

(&) That fraction retained after the 
second sieving shall be washed free of all 
fine material, dried, and weighed. This 
weight shall be recorded as the weight 


of coarse material. The coarse material 
after being washed and dried shall be 
sieved on the No. 4 (4760-micron) sieve 
and the weight retained on the No. 4 
sieve recorded. 

Test Sample for Mechanical Analysis 

5. The fractions passmg the No. 10 
(2000-micron) sieve in both sieving 
operations shall be thoroughly mixed 
together, and by the method of quarter- 
ing or the use of a sampler a portion 
weighing approximately 115 g. for sandy 
soils and approximately 65 g. for silt and 
clay soils shall he selected for mechanical 
analysis. 

Test Sample for Subgrade Soil Constants 

6. The remaining portion of the 
material passing the No. 10 (2000- 
micron) sieve shall then be separated into 
two parts by means of a No. 40 (420- 
micron) sieve. The fraction retained 
on the No. 40 sieve shall be discarded. 
The fraction passing the No. 40 sieve 
shall be used for the determination of the 
subgrade soil constants. 



Standard Method of 
MECHANICAL ANALYSIS OF SOILS* 



A.S.T.M. Designation: D 422 - 39 
Adopted, 1939.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 422; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method describes a procedure 
for the quantitative determination of 
the distribution of particle sizes in soils. 

Apparatus 

2. The apparatus shall consist of the 
follotMing: 

(а) Balance. — A balance sensitive to 

0.1 g. 

(б) Stirring Apparatus. — A special 
stirring apparatus (Fig. 1) with replace- 
able stirring paddle (Fig. 2) and specially 
designed dispersion cup of either of the 
designs shown in Fig 3. 

(c') Hydrometer. — A hydrometer grad- 
uated in grams of soil per liter of sus- 
pension (Fig. 4, .4) or a hydrometer with 
special shape bulb, graduated in specific 
gravity, having a range of 0.995 to 1.050 
sp. gr. and reading 1.000 at 67 F. (19.4 
C.) (Fig. 4, i?). 

(d) Glass Graduate. — A glass graduate 
18 in. in height and 2| in. in diameter, 
and graduated for a volume of 1000 ml. 

I Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
GommiUee D-IS on Soils for Engineering Purposes. 

“Prior to adoption as standard, this method was 
published as tentative from 1935 to 1939, being revised 


(c) Thermometer, — A Fahrenheit ther- 
mometer accurate to 1 F. (0.5 C.). 

(f) Sieves. — A series of sieves, of 
square mesh woven wire cloth, conform- 
ing to the requirements of the Standard 
Specifications for Sieves for Testing 
Purposes (A.S.T.M, Designation: E 11) 
of the American Society for Testing 
Materials.^ The sieves required are as 
follows: 

No. 20 (840-micron) 

No. 40 (420-micron) 

No. 60 (250-micron) 

No. 140 (l05-micron) 

No. 200 ( 74-micron) 

(g) Water Bath. — A water bath for 
maintaining the soil suspension at a con- 
stant temperature during the hydrom- 
eter analysis. A satisfactory device is 
an insulated zinc tank which maintains 
the temperature of the suspension of 
faucet-water temperature. Such a de- 
vice is illustrated in Fig. 5. 

{h) Beaker. — A tail-form beaker of 
400-ml. capacity. 

Sample 

3. A sample of soil shall be selected 
b}^ the method of quartering or by the 


A ‘-tentative revision” of this standard appears in the Tenta- 
tive Revisions of Standards section at the back of this book. 
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use of a sampler from the material pass- 
ing the No. 10 (2000-micron) sieve. 
The weight of each sample shall be 
approximately 115 g. for sandy soils and 
65 g. for silt or clay soils and shall be 
obtained in accordance with the Stand- 
ard Method of Preparing Soil Samples 
for Mechanical Analysis and Determma- 
tion of Subgrade Soil Constants 
(A.S.T.M. Designation: D 421) of the 
American Society for Testing Materials.® 



Hygroscopic Moisture 
Hygroscopic Moisture 

4. A 10-g. portion of the sample 
selected for mechanical analysis shall be 
used for the determination of the 
hygroscopic moisture. This portion of 
the sample shall be weighed, dried to 
constant weight in an oven at 110 C., 
weighed, and the results recorded. 


Hydrometer Test 
Dispersion of Soil Sample 
5. The remainder of the sample 
selected for mechanical analysis shall be 
weighed and dispersed by one of the two 
methods A ox B described below. The 
method to be used depends on the plas- 
ticity index of the soil determined in 
accordance with the Standard Method 
of Test for Plastic Limit and Plasticity 
Index of Soils (A.S.T.M. Designation: 
D 424) of the American Society for 
Testing Materials,® 

Method A ; For Soils Having a Plas- 
ticity Index of 20 or Less . — The soil shall 



Fig. 2. — Detail of Stirring Paddle. 

be placed in a tail-form beaker, and 200 
ml, or more of distilled water added 
slowly and while stirring constantly 
until the soil is thoroughly wetted. The 
mixture shall be allowed to stand for a 
period of at least 18 hr. It shall then 
be washed into the special dispersion cup 
and distilled water added until the cup 
is within 2 in. of being filled. A defloc- 
culating agent, 20 ml. of a solution of 
sodium silicate crystals (NaaSiOs • 9 H 2 O) , 
shall be added. The density of this 
solution shall be that indicated by one 
of the following hydrometer readings: 
hydrometer A, 36.5 at 67 F. (19.4 C.); 
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hydrometer B, 1.023 at 67 F. (19.4 C,); 
Baume hydrometer, 3 deg. at 76 F. 
(24.4 C.). The contents of the cup 
shall be mixed by the special stirring 
apparatus (Note) for a period of 1 min. 

Method B: For Soils Having a Plas- 
ticity Index Greater Than 20 . — The soil 
shall be placed in a tail-form beaker, and 
100 ml. of hydrogen peroxide (6 per cent) 
added slowly and while stirring con- 
stantly until the soil is thoroughly 
wetted. The beaker shall then be 


Note. — is important in all cases to see 
that the paddle on the dispersion machine is re- 
placed as soon as it shows signs of wear. 

Hydrometer Test 

6. {a) After dispersion, the mixture 
shall be transferred to the glass graduate, 
and distilled water having the same 
temperature as the constant temperature 
bath added until the mixture attains a 
volume of 1000 ml. The graduate con- 
taining the soil suspension shall then be 



covered with a watch glass and placed 
in an oven at 110 C. for 1 hr. The 
purpose of the peroxide is to assist in 
the dispersion rather than to remove the 
organic matter. The beaker shall then 
be removed from the oven, 100 ml. of 
distilled water added, and the mixture 
allowed to stand for at least 18 hr. 
The mixture shall then be washed into 
the special dispersion cup, and dispersed 
(Note) in the same manner and for the 
same length of time as in method A. 


placed in the constant temperature bath. 
The suspension shall be stirred fre- 
quently with a glass rod to prevent 
settlement of particles in suspension. 
When the soil suspension attains the 
temperature of the bath the graduate 
shall be removed and its contents 
thoroughly shaken for 1 min., the palm 
of the hand being used as a stopper over 
the mouth of the graduate. 

(5) At the conclusion of this shakmg 
the time shall be recorded, the graduate 
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placed in the bath, and readings taken 
with the hydrometer at the end of both 
1 and 2 min. The hydrometer shall be 
read at the top of the meniscus formed 
by the suspension around its stem. If 
hydrometer A is used, it shall be read 
to the nearest 0.5 g. per liter. Hy- 
drometer B shall be read to the nearest 



B A 

Fig. 4. — Hydrometers, 


O.OOOS specific gravity. Subsequent 
readings shall be taken at intervals of 5, 
15, 30, 60, 250, and 1440 min. after the 
beginning of sedimentation. Readings 
on the thermometer placed in the 
constant temperature bath shall be 
made coincidentally with the hydrome- 
ter readings and recorded. 


(c) After each reading except the 1- 
min, reading, the hydrometer shall be 
very carefully removed from the soil 
suspension in such a manner as to cause 
no disturbance in the suspension, wiped 
clean, and laid aside. About 15 or 20 
sec. before the time for a reading it shall 
again be slowly and carefully placed in 
the soil suspension. The reading shall 
not be taken until the hydrometer has 
come to rest. 

Sieve Analysis 
Sieve Analysis 

7. At the conclusion of the final read- 
ing the suspension shall be washed on a 
No. 200 (74-micron) sieve. That frac- 
tion retained on the No. 200 sieve shall 
be dried and then analyzed in a nest of 
sieves consisting of one each of the Nos. 
20, 40, 60, 140, and 200 which conform 
to Section 2(/). 

Calculations 
Hygroscopic Moisture 

8. The hygroscopic moisture shall be 
expressed as a percentage of the weight 
of the oven-dried soil and shall be 
determined as follows: 

W - Wi 

Hygroscopic moisture == — — X 100 

Wi 

where: 

W ~ weight of air-dried soil, and 

Wi = weight of oven-dried soil. 

To correct the weight of the air-dried 
sample of hygroscopic moisture the 
given value shall be multiplied by the 
expression: 

100 

100 -p percentage of hygroscopic moisture 

Coarse Material 

9. (a) The percentage of coarse ma- 
terial shall be obtained from the data 
recorded during the preparation of the 
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sample in accordance with the Standard 
Method of Preparing Soil Samples for 
Mechanical Analysis and Determination 
of Subgrade Soil Constants (A.S.T.M. 
Designation; D 421) of the American 
Society for Testing Materials.® 

(6) The coarse material shall be 
determined as follows: From the weight 


when as a matter of fact a small percentage of 
moisture may be present in this fraction. This 
amount of moisture, compared with that held 
in the pores of the fraction passing the No. 10 
sieve, is relatively small. Therefore, any error 
produced by the assumption as stated may be 
considered negligible in amount. 

Note 2: Example.—Th&iollowing illustration 
is an example of the data used in calculating the 



of the air-dried total test sample subtract 
the weight of the oven-dried fraction 
retained on the No. 10 (2000-micron) 
sieve. The difference is assumed to 
equal the weight of the air-dried fi'action 
passing the No. 10 sieve (Note 1). The 
weight of the fraction passing the No. 10 
sieve shall be corrected for hygroscopic 
moisture as indicated in Section 8. To 
this value shall be added the weight of 
the oven-dried fraction retained on the 
No. 10 sieve to obtain the weight of the 
total test sample corrected for hygro- 
scopic moisture. The fractions retained 
on both the No. 4 (4760-micron) and 
the No. 10 (2000-micron) sieve shall be 
c;xpresscd as percentages of the corrected 
'weight of the total test sample (Note 2). 

Note 1. — According to this assumption, no 
hygroscopic moisture is contained in the air- 
dried particles retained on the No 10 sieve, 


hygroscopic moisture and percentage of coarse 
material: 


Hygroscopic Moisture 

Weight of air-dried soil, g 

Weight of oven-dried soil, g 

Hygroscopic moisture, percentage of weight of 

oven-dried soil..., 

Hygroscopic moisture correction factor 


Coarse Material 


Weight of total test sample, air-dried, g 318 3 

Weight of washed and oven-dried fraction re- 
tained on No. 10 (2000-micron) sieve, g S6.2 

Weight of fraction passing No. 10 sieve, air- 

dried, g 262.1 

Weight of fraction passing No. 10 sieve corrected 

for hygroscopic moisture, g 2SS.S 

Weight of total test sample corrected for hygro- 
scopic moisture, g 31 1 _ 7 

Weight of fraction retained on No. 4 d^fiO-rnicronj 

sieve, oven-dried, g 40 5 

Fraction retained on No. 4 sieve, percentage of 

corrected weight of total test sample 13.0 

Fraction retained on No. 10 sieve, percentage of 
corrected weight of total test sample 18.0 


Percentage of Soil in Suspension 

10. {a) For temperatures of the con- 
stant temperature bath other than that 
which the hydrometers were call- 


Mechanical Analysis m Soils (D 422 ~ 39) 


621 


brated, the readings of hydrometer A ing in suspension may be calculated as 


shall be corrected by adding tempera- follows; 
ture-correction factors such as are shown 
graphically as A R in Fig. 6 (a). A For hydrometer 4 : 
temperature-correction curve of this 

type should be determined experimen- P = — X 100 

tally for each hydrometer of type A used. 

(b) Readings of hydrometer B shall For hydrometer P: 
be corrected by adding temperature- 

correction factors shown as A R in Fig. . ^<^06 (R — l)a 

6 (i). The temperature-correction curve W 
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Fig. 6. — Temperature-Correction Curves for Hydrometer Readings. 


for hydrometer B may be determined by 
plotting the differences between the 
density of water at the various tempera- 
tures and that at 67 F. (19.4 C.) against 
temperatures from 40 to 100 F. (4.4 to 
37.8 C.). 

(c) The percentage of the dispersed 
soil in suspension represented by differ- 
ent corrected hydrometer readings de- 
pends upon both the amount and the 
specific gravity of the soil dispersed. 
The percentage of dispersed soil remain- 


where: 

P = percentage of originally dis- 
persed soil remaining in sus- 
pension, 

R ~ corrected hydrometer reading, 

W ~ weight in grams of soil originally 
dispersed minus the hygro- 
scopic moisture, and 

a ~ constant depending on the 
density of the suspension. 
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For hydrometer A, the value of a, for 
a specific gravity G and a water density 
at 67 F. (19.4 C.) of 0.9984, may be 
obtained from the following formula: 

^ ^6500 w g 

® " 2'6S00 0.9984 

For hydrometer B, the value of a for 
an assumed density of 1.0000 at 67 F. 
(19.4 C.) may be obtained from the 
following formula: 

_ 2.6500 - 1.0000 G 

'2.6500 ' 1.0000 

The values of a given by the two 

equations for different values of the 

specific gravity of soil G, are the same 
to two decimal places, and are as follows: 


Specific 

Gravity, G 

Constant, 

2.95 

0.94 

2.85 

0.96 

2. 75 

0.98 

2.65 

1.00 

2.55 

1.02 

2.45 

1.05 

2.35 

1.08 


It is sufficiently accurate for ordinary 
tests to select the constant for the 
specific gravity nearest to that of the 
particular soil tested. 

Example . — Assume that the weight of dis- 
persed soil corrected for hygroscopic moisture 
is 48.5 g., the uncorrected reading of hydrometer 
A is 34, the specific gravity 2.41, and the 
temperature of suspension 70 F. (21 C.). The 
temperature correction is then -|-0.4 (Fig. 6 (a)) 
and the corrected readiug, R, is 34 -f 0.4 = 
34.4. The specific gravity correction, a, is 1.05. 
Then; 


p. 3^^5X 100 - 74.5. 


(d) The percentage of the total test 
sample, including the fraction retained 
on the No. 10 (2000-micron) sieve, shah, 
be obtained by multiplying the per- 
centage of originally dispersed soil 
remaining in suspension by the 


expression: 


100 — perc entage retained on No. 10 sieve 

”~~Too 

Diameter of Soil Particles in Suspension 
11. (a) The maximum diameter of the 
particles in suspension, corresponding 
to the percentage indicated by a given 

TABLE I. — MAXIMUM GRAIN DIAMETERS IN 
SUSJPENSION UNDER ASSUMED CONDITIONS. 


Maximum 

Grain 

Diameter in 

Time, min. Suspension, mm. 

1 0.078 

2 0.055 

5 0.035 

15 0.020 

30 0.014 

60 0.010 

250 0.005 

1440 0.002 


hydrometer reading, shall be as indi- 
cated by Stokes’ law. 

According to Stokes’ law: 

/ J0^_ 

y 980 (G - GJ T 

where: 

d = maximum grain diameter in 
millimeters, 

n = coefficient of viscosity of the 
suspending medium (in this 
case water) in poises. Varies 
with changes in temperature 
of the suspending medium. 

L — distance in centimeters through 
which soil particles settle in a 
given period of time, 

T — time in minutes, period of 
sedimentation, 

G = specific gravity of soil particles, 

Gi = specific gravity of the suspend- 
ing medium (in this case Gi — 
0.9984, or approximately 1.0). 

(b) The maximum grain diameters in 
suspension for assumed conditions and 
corresponding to the periods of sedimen- 
tation specified in this procedure are 
given in Table I. These grain diameters 


Specific Gravity of Soil Particles 
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0.40 0.50 0.60 0.70 0.80 

Correction Coefficient, , for 
Elevation of Hydrometer A 
in Suspension 

(a) 



0.40 0.50 0.60 0.70 0.80 

Correction Coefficient, /C l , for 
Elevation of Hydrometer B 
in Suspension 

(b) 


Fro. 7. — Correction Coefficient Curves for Elevation of Hydrometer, 



Correction Coefficient, /Cg ,for 
Variation in Specific Gravity 

(a) 

Fig, 8, — Correction Coefficient C 



0.80 0,90 1.00 l.iO 1.20 

Correction Coefficient, for 
Variation in Viscosity of 
Suspending Medium 

fb) 

for Specific Gravity and Viscosity. 
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shall be corrected for the conditions of 
the lest by applying the proper correc- 
tion factors as described and explained 
below. 

(c) The grain diameters given in 
Table I are calculated according to the 
foi lowing assumptions : 

L, the distance through which the 
particles fall, is constant and equal to 
32.5 era. 

n, the coefficient of viscosity, equals 
0.0102, that of water at 67 F. (19.4 C.).'^ 

G, the specific gravity of the soil 
particles, is constant and equal to 2.65. 

Note.— As a matter of fact, the hydrometer 
reading is dependent, not on the particles dis- 
tributed throughout a depth of 32.5 cm. in the 
suspension, but on those e.\’isting in that portion 
of the suspension holding the hydrometer. 

(d) In order to use Stokes’ law to 
determine the diameter of the particles 
it is necessary to know the distance 
through which these particles fall in a 
given time. Since the density through- 
out a suspension is not uniform and 
varies with the grading of the material 
in suspension and the time of sedimenta- 
tion, a fLxed distance cannot be used. 
For hydrometer B the depth of the 
center of volume of the hydrometer 
below the surface of the suspension can 
be taken as the distance through which 
the particles may be assumed to fall. 
In the case of hyclrometer A , it has been 
found by experiment that for the 
methods of dispersion described in this 
procedure an assumed distance which 
bears a constant ratio to the depth of the 
hydrometer in the suspension, but which 
is less than the distance indicated by the 
center of volume of the hydrometer, 
gives clo.ser agreement to mechanical 
analysis performed by the pipette 
methods. 'Flie assumed distance of fall 
is taken as 0.42 of the distance from the 


^ Smithonian Physical Tables, 7th revised edition. 
1921, p. 155. ’ 


surface of the suspension to the elevation 
of the bottom of hydrometer A. 

{e) The specific gravity of the soil 
particles and the temperature of the 
suspension are likely to vary from those 
assumed in the preparation of Table I. 
A better approximation of the true 
diameters of the soil particles is obtained 
by applying correction coefficients to the 
values given by Table I. 

(/■) Curves from which these coeffi- 
cients may be derived are given in Figs. 
7 and 8. The correction coefficients for 
elevation of hydrometer (Fig. 7 (c) and 
(b)) are obtained experimentally for each 
hydrometer in use. The coefficients for 
the specific gravity and the viscosity 
correction (Fig. 8 (a) and (&), respec- 
tively) are independent of the apparatus 
used in the test. 

(g) Multiplication by the coefficients 
shown in Fig. 7 (a) and (b) gives the 
maximum grain size at the reference 
elevation of hydrometers A and B, 
respectively, instead of that at a depth 
of 32.5 cm. These coefficients vary 
with the hydrometer reading and may 
be obtained from the following formula: 


'b 


assumed de pth of fall in cm. 

lis 


(Ji) Multiplication by the coefficients 
shown in Fig. 8 (a) corrects for variation 
in specific gravity from that on wdiich 
the sizes given in Table I are based. 
These coefficients may be obtained from 
the following formula: 




1.65 


sp. gr. of soil particle — 1 


(i) Multiplication by the coefficients 
shown in Fig. 8 (b) corrects for the 
viscosity of w^ater at temperatures other 
than 67 F. (19.4 C.), the temperature of 
the suspension assumed in the prepara- 
tion of Table I. The viscosity correc- 
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tion coefficient may be obtained from 
the following formula; 



where % = viscosity coefficient at given 
temperature. 

Example.— Mtcx a period of sedimentation 
of 1 min. the grain diameter indicated by Table 
I is 0,078 mm. Assume that the uncorrected 
readmg of hydrometer A is 34, the specific 
gravity is 2.41, and the temperature of the sus- 
pension is 70 F. (21 C.). The correction co- 
efficients in this case are 0.48, corresponding to 
a hj''drometer reading of 34 (Fig. 7 (a)); 1.08, 


on the No. 10 (2000-micron) sieve, shall 
be obtained by multiplying these values 
by the expression: 

100 — percentage retained on No. 10 sieve 
100 

Plotting 

13. The percentages of grains of 
different grain diameters shall be plotted 
on semilogarithmic paper to obtain a 
“soil grain diameter accumulation 
curve.” A curve of this character is 
shown in Fig. 9. 



Particle Srre , mm 


Fig. 9,— Grain Size Accumulation Curve, Soil Sample No. 4422X. 


corresponding to a specific gravity of 2.41 
(Fig. 8 (o) ) ; and 0.98, corresponding to a water 
temperature of 70 F. (21 C.) (Fig. 8 {b)). The 
corrected grain diameter then becomes; 

d = 0.078 mm. X 0.48 X 1,08 X 0.98 = 

0.040 mm. 

Sieve Analysis 

12. (a) The percentage of the dis- 
persed soil sample retained on each of 
the sieves in the sieve analysis shall be 
obtained by dividing the weight of frac- 
tion retained on each sieve by the oven- 
dry weight of the dispersed soil and 
multiplying by 100. 

(6) The percentages of the total test 
sample, including the fraction retained 


Report 

14. The results, read from the ac- 
cumulation curve, shall be reported as 
follows: 

(а) Percentage of particles larger 
than 2 mm. 

(б) Percentage of coarse sand, 2.0 
to 0.25 mm. 

(c) Percentage of fine sand, 0.25 to 
0.05 mm. 

(d) Percentage of silt, 0.05 to 0.005 
mm. 

(e) Percentage of clay, smaller than 
0.005 mm. 

(/) Percentage of colloids, smaller 
than .0.001 mm. 


Standard Method of Test for 

LIQUID LIMIT OF SOILS' 



A.S.T.M. Designation: D 423 -39 
Adopted, 1939,® 

This Standard of the American Society for Testing Materials is issued imder 
the fixed designation D 423; the final number indicates the year of original 


adoption as standard or, in the case 
Liquid Limit 

1. The liquid limit of a soil is that 
moisture content, expressed as a per- 
centage of the weight of the oven-dried 
soil, at which the soil will just begin to 
flow when lightly jarred ten times. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Evaporating Dish. — A porcelain 
evaporating dish about in, in di- 
ameter. 

(b) Spatula. — A spatula or pill knife 
having a blade about 3 in. in length and 
about f in. in width. 

(c) Liqtdd Limit Device. — k mechanical 
device consisting of a brass dish and car- 
riage, constructed according to the plan 
and dimensions shown in Fig. 1. 

(d) Grooving Tool. — A combined 
grooving tool and gage conforming to 
the dimensions shown in Fig. 1. 

ifi) Containers . — Suitable containers 
such as matched watch glasses which 

^ 5 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.TJtf, 
Committee D-18 on Soils for Engineering Purposes. 

* Prior to adoption as standard, this method was 
published as tentative from 1936 to 1939, being revised 


of revision, the year of last revision. 

will prevent loss of moisture during 
weighing. 

(/) Balance.— k balance sensitive to 
0.1 g. 

Hand Method 

Sample 

3. A sample weighing about 30 g. shall 
be taken from the thoroughly mixed 
portion of the material passing the No. 
40 (420-micron) sieve which has been 
obtained in accordance with the Stand- 
ard Method of Preparing Soil Samples 
for Mechanical Analysis and Deter- 
mination of Subgrade Soil Constants 
(A.S.T.M. Designation: D 421) of the 
American Society for Testing Materials.® 

Procedure 

4. {a) The air-dried soil shall be 
placed in the evaporating dish and 
thoroughly mixed with distilled water 
until the mass becomes a thick paste. 
The mass of soil shall then be shaped into 
a small layer about f in. in thickness at 
the center and divided into two portions 
with the grooving tool, as shown in the 
illustration at the top of Fig. 2. 

(6) The dish shall be held firmly in 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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one hand, with the groove parallel to the 
line of sight, and tapped lightly with a 
horizontal motion against the heel of the 
other hand ten times. The intensity of 
the blows shall be such that the effect on 
the soil sample is equivalent to that 
produced by 25 shocks applied to a sam- 
ple of the soil at the same moisture con- 
tent by dropping the brass cup of the 
mechanical device through a distance of 



the liquid limit, and dry soil shall be 
added and the procedure repeated. 

(d) When the lower edges of the two 
portions of the soil cake just flow to- 
gether, as shown in the illustration at the 
bottom of Fig. 2, after ten blows have 
been struck, the moisture content equals 
the liquid limit. T o determine definitely 
whether the two portions are actually 
joined, the spatula may be used to push 


1 cm. (0.3937 in.) at the rate of two 
drops per second. 

(c) If the lower edges of the two soil 
portions do not flow together, as shown 
in the illustration at the bottom of Fig. 
2, after ten blows have been struck, the 
moisture content is below the liquid 
limit. More water shall be added and 
the procedure repeated. If the lower 
edges meet before ten blows have been 
struck, the moisture content is above 


one away from the other. If the two 
portions separate along the original line 
of division, the end point has not been 
reached, and the procedure shall be 
repeated with the addition of a small 
amount of water. 

(e) A small quantity of soil from that 
portion of the soil cake which was flowed 
shall be removed and placed in a pair of 
watch glasses or other suitable con- 
tainers. The container and soil shall 


628 


Test for Liquid Limit of Soils (D 423 - 39) 


then be weighed and the weight recorded. 
The soil in the container shall be oven- 
dried to constant weight at 110 C., and 
weighed. This weight shall be recorded 
and the loss in weight due to drying shall 
be recorded as the weight of water. 

Calculation 

5. The liquid limit is expressed as the 
moisture content in percentage of the 
weight of the oven-dried soil and shall 
be calculated as follows: 



soil, CAKE AETEB TESr 

Fig. 2.™Diagram Illustrating Liquid Limit 
Test. 


Mechanical Method 
Calibration of Mechanical Device 

6. By means of the gage attached to 
the grooving tool, and the adjustment 
plate, JJ, Fig. 1, the height to which the 
cup, C, is lifted shall be adjusted so that 
the point on the cup which comes in 
contact with the base is exactly 1 cm, 
(0.v3937 in.) above the base. The ad- 
justment plate, Ji, shall then be secured 
by tightening the screws, J. 

Procedure 

7. (a) A sample weighing about 100 g. 
shall be taken from the thoroughly 
mixed portion of the air-dried soil pass- 
ing the No. 40 (420-micron) sieve which 
has been obtained in accordance with 
the Standard Method of Preparing Soil 
Samples for Mechanical Analysis and 
Determination of Subgrade Soil Con- 


stants (A.S.T.M. Designation: D 421) of 
the American Society for Testing Mate- 
rials.® This sample shall be placed in 
the evaporating dish and thoroughly 
mixed with a measured quantity of dis- 
tilled water to a putty-like consistency. 
A portion of this sample shall then be 
placed in the brass cup in the position 
shown in Fig. 1, leveled off to a depth of 
1 cm., and divided by means of the 
grooving tool along the diameter through 
the centerline of the cam follower. 

(b) The cup shall then be attached to 
the carriage and by turning the crank, F, 
at the rate of two rotations per second 
lifted and dropped until the two sides of 
the sample come into contact at the bot- 
tom of the groove along a distance of 
about I in. The number of shocks shall 
be recorded. The moisture content of 
the soil shall then be determined on a 
portion taken from around the groove, 
by the method previously described in 
Section 4 in connection with the hand 
method. 

(c) The foregoing operations shall be 
repeated for two additional portions of 
the sample to which sufficient water has 
been added to bring the soil to a more 
fluid condition. The object of this 
procedure is to obtain samples of such 
consistency that the number of shocks 
required to close the groove will be be- 
low and above 25. 

Preparation of Flow Curve 

8. A “flow curve” representing the 
relation between moisture contents and 
corresponding numbers of shocks shall 
be plotted on a semilogarithmic graph 
with the moisture contents as abscissae on 
the arithmetical scale, and the numbers of 
shocks as ordinates on the logarithmic 
scale. 

Liquid Limit 

9. The moisture content correspond- 
ing to the intersection of the flow curve 
with the 25 shock ordinate shall be taken 
as the liquid limit of the soil. 



Sta?idard Method of Test for 
PLASTIC LIMIT AND PLASTICITY INDEX OF SOILS^ 



A.S.T.M. Designation: D 424 ~ 39 
Adopted, 1939.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 424; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Plastic Limit 

1. The plastic limit of a soil is the 
lowest moisture content, expressed as a 
percentage of the weight of the oven- 
dried soil, at which the soil can be rolled 
into threads | in. in diameter without 
the threads breaking into pieces. 

Apparatus 

2. The apparatus shall consist of the 
following; 

(a) Evaporating Dish— A porcelain 
evaporating dish about 4| in. in 
diameter. 

{b) Spatula . — A spatula or pill knife 
having a blade about 3 in. in length and 
about f in. in width. 

(c) Surface for Rolling . — A ground- 
glass plate or piece of rough-textured 
paper on which to roll the sample. 

(d) Containers . — Suitable containers, 
such as matched watch glasses, ’which 
will prevent loss of moisture during 
weighing. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-18 on Soils for Engineering Purposes. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 193S to 1939, being revised in 
1938. 


(e) Balance . — A balance sensitive to 

0.1 g. 

Sample 

3. A sample weighing about 15 g, shall 
be taken from the thoroughly mixed 
portion of the material passing the No. 
40 (420-micron) sieve, which has been 
obtained in accordance with the Stand- 
ard Method of Preparing Soil Samples 
for Mechanical Analysis and Determi- 
nation of Subgrade Soil Constants 
(A.S.T.M. Designation: D 421) of the 
American Society for Testing Materials.^ 
Procedure 

4. The air-dried soil shall be placed 
in the evaporating dish and mixed with 
distilled water until the mass becomes 
plastic enough to be easily shaped into 
a ball. The baU of soil shall then be 
rolled between the palm of the hand and 
the ground-glass plate or piece of rough- 
textured paper with just sufficient pres- 
sure to form the soil mass into a thread 
(Fig. 1 (a)). When the diameter of the 
resulting thread becomes | in. the soil 
shall be kneaded together and again 
rolled out. This process shall be con- 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of boob. 
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tinued until the crumbling of the soil (as 
shown in Fig. 1 {b)) prevents the forma- 
tion of the thread. The portions of the 
crumbled soil shall then be gathered 
together and placed in watch glasses or 
other suitable containers. The con- 
tainer and soil shall be weighed and the 
weight recorded. The soil in the con- 


in percentage of the weight of the oven- 
dry soil and shall be calculated as 
follows: 


Plastic limit = 


wt. of water 
wt. of oven-dry soil 


X 100 


(6) Plasticity Index . — The plasticity 
index of a soil is the diSerence between 


(o) Rolling of soil threads in plastic limit test. 



(6) Crumbled soil threads resulting from plastic limit test. 

Fig. 1. — Plastic Limit Test. 


tainer shall then be oven-dried to 
constant weight at 110 C., and weighed. 
This weight shall be recorded and the 
loss in weight shall be recorded as the 
weight of water. 

Calculation 

5, (a) Plastic Limit . — ^The plastic 
limit is expressed as the moisture content 


its liquid limit and its plastic limit and 
shall be calculated as follows: 

Plasticity index = liquid limit — plastic limit 

Note. — ^Liquid limit shall be determined in 
accordance with the Standard Method of Test 
for Liquid Limit of Soils (A.S.T.M. Designa- 
tion: D 423) of the American Society for Test- 
ing Materials.3 



Standard Method of Test for 
CENTRIFUGE MOISTURE EQUIVALENT OF SOILS^ 



A.S.T.M. Designation: D 425 - 39 
Adopted, 1939.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 425; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Centrifuge Moisture Equivalent 

1. The centrifuge moisture equivalent 
of a soil is the amount of moisture, ex- 
pressed as a percentage of the weight of 
the oven-dried soil, retained by the soil 
which has been first saturated with water 
and then subjected to a force equal to 
1000 times the force of gravity for 1 hr. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Gooch Crucible , — A porcelain 
Gooch crucible with perforated bottom. 
The crucible shall be about in. in 
height and the diameter shall be about 
1 in. at the top and f in. at the bottom, 
outside dimensions. 

(h) Filter Paper. — K circular piece of 
filter paper just large enough to cover 
the inside bottom of the Gooch crucible. 

(c) Trunnion Cup . — A Babcock trun- 
nion cup fitted with a brass cap and with 
a suitable device for supporting the 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-18 on Soils for Engineering Purposes. 

’Prior to adoption as standard, this method was 
published as tentative from 1935 to 1939, being revised 
m 1938. 


Gooch crucible § in. above the bottom of 
the cup in such a manner that the water 
ejected during the centrifuging operation 
shall not come in contact with the 
crucible and contents and, furthermore, 
that air may circulate freely about the 
crucible within the cup. Suitable fit- 
tings for the Babcock cup are shown in 
Fig. 1. 

(d) Centrifuge . — ^The centrifuge shall 
be of such size and so driven that a 
force equal to 1000 times the force of 
gravity may be exerted on the center of 
gravity of the soil sample. 

(e) Balance. — k balance sensitive to 

0.1 g. 

Sample 

3. A 5-g. sample shall be taken from 
the thoroughly mixed portion of the 
material passing the No. 40 (420-micron) 
sieve which has been obtained in ac- 
cordance with the Standard Method of 
Preparing Soil Samples for Mechanical 
Analysis and Determination of Subgrade 
Soil Constants (A.S.T.M. Designation: 
D 421) of the American Society for 
Testing Materials.® 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Number of Tests 

4. Tests shall be made in duplicate. 
Procedure 

5. (a) The sample shall be placed in 
the Gooch crucible, in which has previ- 
ously been placed a piece of wet filter 
paper which just covers the bottom of 
the crucible. The crucible shall be 
placed in a pan of distilled w'ater and 


(b) The sample shall be centrifuged 
for a period of 1 hr. at a speed which, for 
the diameter of head used, will exert a 
centrifugal force 1000 times the force of 
gravity upon the center of gravity of the 
soil sample. Immediately after centri- 
fuging, the crucible and contents shall 
be weighed and the weight recorded as 
the weight of crucible and contents after 


Gnnrh C mrihh 



Mountings of 
Moisture 
Equivalent 
Apparatus 


Centrifuge Head 

Fig. 1.— Centrifuge Apparatus, 


the sample allowed to take up moisture 
until completely saturated, as indicated 
by the presence of free water on the 
surface of the sample. It shall then be 
placed in a humidifier for at least 12 hr. 
to insure uniform distribution of mois- 
ture throughout the soil mass. AH free 
water then remaining on the surface of 
the sample shall be poured off, and the 
crucible placed in a Babcock trunnion 
cup fitted as described in Section 2 (c). 


centrifuging. The sample shall then be 
oven-dried to constant weight at HOC., 
and weighed. This weight shall be 
recorded as the weight of crucible and 
contents after drying. 

(c) Waterlogging.~Wh.m free water 
is observed on the top of the sample 
after the centrifuging operation, the 
soil is said to have waterlogged. This 
water shall not be removed but shall be 
weighed wdth the sample. 
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Calculation 

6. The centrifuge moisture equivalent 
of the soil shall be calculated as follows: 


M. = 


U-D- Ui - hd 
~ (c + b,) 


X 100 


where: 

Me — centrifuge moisture equivalent, 
^ = weight of crucible and contents 
after centrifuging, 


A\ = weight of crucible and contents 
after drying, 
c — weight of crucible, 
h ~ weight of wet filter paper, and 
&i = w^eight of dry filter paper. 

Reproducibility of Results 

7. The variation between the two 
values obtained in the duplicate tests 
should not exceed 1 per cent for values 
of the moisture equivalent up to 15 and 
2 per cent for values above 15. 


Standard Method of Test for 
FIELD MOISTURE EQUIVALENT OF SOILS^ 



A.S.T.M. Designation: D 426 - 39 
Adopied, 1939.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 426; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Field Moisture Equivalent 

1, The field moisture equivalent of a 
soil is defined as the minimum moisture 
content, expressed as a percentage of the 
weight of the oven-dried soil, at which a 
drop of water placed on a smoothed 
surface of the soil will not immediately 
be absorbed by the soil but will spread 
out over the surface and give it a shiny 
appearance. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(а) Evaporating Dish. — A porcelain 
evaporating dish about 4^ in. in diam- 
eter. 

(б) Spatula . — A spatula or pill knife 
having a blade about 3 in, m length and 
about I in. in width. 

(c) Pipette . — A pipette, burette, or 
similar device for adding water dropwise. 

{d) Containers . — Suitable containers 
such as matched watch glasses which will 
prevent loss of moisture during weighing. 

_ > Under the standardization procedure of the Society , 
this method is under the jurisdiction of the A.S.T,M. 
Committee D-18 on Soils for Engineering Purposes. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 193S to 1939, being revised in 1938. 


(e) Balance . — A balance sensitive to 

0.1 g. 

Sample 

3. A sample weighing about 50 g. 
shall be taken from the thoroughly 
mixed portion of the material passing 
the No, 40 (420-micron) sieve, which 
has been obtained in accordance with 
the Standard Method of Preparing Soil 
Samples for Mechanical Analysis and 
Determination of Subgrade Soil Con- 
stants (A.S.T.M. Designation: D 421) 
of the American Society for Testing 
Materials.® 

Procedure 

4. The air-dried sample shall be placed 
in the evaporating dish and mixed with 
distilled water. Distilled water shall 
be added in small amounts and the sam- 
ple thoroughly mixed after each addition 
of water. When the wetted soil forms 
into balls under manipulation, the 
sample shall be smoothed with a light 
stroke of the spatula and a drop of water 
placed on the smoothed surface. If the 
drop of water disappears in 30 sec. a 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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small increment of water (a few drops) 
shall be mixed with the sample, and the 
procedure repeated until the drop of 
water does not disappear in 30 sec. but 
spreads over the smoothed surface leav- 
ing a shiny appearance. A small por- 
tion of the soil on which the last drop of 
water was placed shall then be removed 
and placed between two watch glasses 
or other suitable containers. The weight 
of the container and wet soil shall be 
determined and recorded. The sample 


shall then be oven-dried to constant 
weight at 110 C., and weighed. This 
weight shall be recorded and the diflEer- 
ence in weight shall be recorded as the 
weight of water. 

Calculation 

5. The field moisture (Equivalent shall 
be calculated as follows: 

Field moisture _ wt. of water 
equivalent vpt. of oven-dried soil 


Standard Method of Test for 
SHRINKAGE FACTORS OF SOILS' 


A.S.T.M. Designation: D 427 - 39 
Adopted, 19393 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 427; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
obtaining the data from which the fol- 
lowing siibgrade soil constants may be 
calculated: 

Shrinkage limit, 

Shrinkage ratio. 

Volumetric change, 

Lineal shrinkage, and 
Specific gravity (approximate). 
Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Evaporating Dish . — A porcelain 
evaporating dish about 4| in. in 
diameter. 

{h) Spatula . — A spatula or pill knife 
having a bkulc about 3 in. in length and 
about f in. in width. 

(c) Shrinkage Dish. — k circular por- 
celain or monel metal milk dish having a 
Hat bottom and being about If in. in 
diameter and about in, in height. 

(d) Straightedge . — A steel straight- 
edge about 12 in. in length. 

s Under llic standai'Ji2ation procedure of the Society, 
this method is under the jurisdiction of the A,S,T.M. 
Conimittee D-lS on Soils for Engineering Purposes. 

* Prior to adoption as standard, this method was 
piiblislrcd as tentative from 1935 to 1939, being revised 


(e) Glass Cup . — A glass cup about 2 
in. in diameter and about 1 in. in height, 
the top rim of which is ground smooth 
and level. 

(/) Glass Plate . — A glass plate with 
three metal prongs for immersing the soil 
pat in mercury, as shown in Fig. 1. 

(g) Graduate . — A glass graduate hav- 
ing a capacity of 25 ml. and graduated 
to 0.2 ml. 

(h) Balance . — A balance sensitive to 

0.1 g. 

(f) Mercury . — Sufficient mercury to 
fill the glass cup to overflowing. 

Sample 

3. A sample weighing about 30 g. shall 
be taken from the thoroughly mixed 
portion of the material passing the No. 
40 (420-micron) sieve which has been 
obtained in accordance with the Stand- 
ard Method of Preparing Soil Samples 
for Mechanical Analysis and Determina- 
tion of Subgrade Soil Constants 
(A.S.T.M. Designation: D 421) of the 
American Society for Testing Ma- 
terials.® 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Procedure 

4. (a) The sample shall be placed in the 
evaporating dish and thoroughly mixed 
with distilled water in amount sufficient 
to fill the soil voids completely and to 
make the soil pasty enough to be readily 
worked into the shrinkage dish without 
the inclusion of air bubbles. The amount 
of water required to furnish friable soils 
with the desired consistency is equal to 
or slightly greater than the liquid limit, 
and the amount necessary to furnish 
plastic soils with the desired consistency 


dish tapped until the soil is thoroughly 
compacted and all included air has been 
brought to the surface. More soil shall 
be added and the tapping shall be con- 
tinued until the dish is completely filled 
and excess soil stands out about its edge. 
The excess soil shall then be struck off 
with a straightedge, and all soil adhering 
to the outside of the dish shall be wiped 
off. 

(c) The dish when filled and struck off 
level shall be weighed immediately and 
the weight recorded as the weight of dish 



GROUND SURFACE BY SOIL PAT 

METHOD OF OBTAINING DISPLACED MERCURY. 
Fig. 1. — Apparatus for Determining the Volumetric Change of Subgrade Soils. 


may exceed the liquid limit by as much 
as 10 per cent. 

{b) The inside of the shrinkage dish 
shall be coated with a thin layer of 
vaseline or some other heavy grease to 
prevent the adhesion of the soil to the 
dish. An amount of the wetted soil 
equal to about one-third the volume of 
the dish shall be placed in the center of 
the dish, and the soil caused to flow to 
the edges by tapping the dish on a firm 
surface cushioned by several layers of 
blotting paper or similar material. An 
amount of soil shall be added approxi- 
mately equal to the first portion, and the 


and wet soil. The soil pat shall be 
allowed to dry in air until the color of the 
pat turns from dark to light. It shall 
then be oven-dried to constant weight 
at 1 10 C. and weighed, the weight being 
recorded as the weight of dish and dry 
soil. The weight of the empty dish shall 
be determined and recorded. The ca- 
pacity of the dish in cubic centimeters, 
which is also the volume of the wet soil 
pat, shall be determined by filling the 
dish to overflowing with mercury, re- 
movmg the excess by pressing a glass 
plate firmly over the top of the dish, and 
measuring by means of a glass graduate 



638 


Test eoe Shrinkage Factors oe Soils (D 427 - 39) 


the volume of mercury held in the dish. 
This volume shall be recorded as the 
volume of the wet soil pat, V. 

(d) The volume of the dry soil pat 
shall be determined by removing the 
pat from the shrinkage dish and immers- 
ing it in the glass cup full of mercury in 
the following manner: The glass cup 
shall be filled to overflowing with mer- 
cury and the excess mercury shall be 
removed by pressing the glass plate with 
the three prongs (Fig. 1) firmly over the 
top of the cup. Any mercury which 
may be adhering to the outside of the 
cup shall be carefully wiped off. The 
cup, filled with mercury, shall be placed 
in the evaporating dish, and the soil pat 
shall be placed on the surface of the 
mercury. It shall then be carefully 
forced under the mercury by means of 
the glass plate with the three prongs 
(Fig. 1) and the plate shall be pressed 
firmly over the top of the cup. It is 
essential that no air be trapped under 
the soil pat. The volume of the mercury 
so displaced shall be measured in the 
glass graduate and recorded as the 
volume of the dry soil pat, Vo. 

Calculation of Moisture Content 

5. The moisture content of the soil 
at the time it was placed in the dish 
expressed as a percentage of the dry 
weight of the soil shall be calculated as 
follows; 


where: 

M ~ moisture content of the soil 
when placed in the dish, 

W = weight of wet soil pat obtained 
by subtracting the weight of 
the shrinkage dish from the 
weight of the dish and wet 
pat, and 


Wo = weight of dry soil pat obtained 
by subtracting the weight of 
the shrinkage dish from the 
weight of the dish and dry 
pat. 

Shrinkage Limit 

6. (a) The shrinkage limit of a soil is 
that moisture content, expressed as a 
percentage of the weight of the oven- 
dried soil, at which a reduction in mois- 
ture content will not cause a decrease 
in the volume of the soil mass, but at 
which an increase in moisture content 
will cause an increase in the volume of 
the soil mass, 

(b) The shrinkage limit, S, shall be 
calculated from the data obtained in the 
volumetric shrinkage determination by 
the following formula: 

where: 

5 = shrinkage limit 

M = moisture content of wet soil, 
in percentage, of the weight 
of oven-dried soil, 

V = volume of wet soil pat, 

V„ = volume of dry soil pat, and 

Wo - weight of oven-dried soil pat. 

(c) Optional Method . — When both the 
true specific gravity, G, and the shrink- 
age ratio, R, are known, the shrinkage 
limit may be calculated as follows: 

5 = (i_l)xioo 

Shrinkage Ratio 

7, (a) The shrinkage ratio of a soil 
is the ratio between a given volume 
change, expressed as a percentage of the 
dry volume, and the corresponding 
change in moisture content above the 
shrinkage limit, expressed as a per- 
centage of the weight of the oven-dried 
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soil. It equals the apparent specific 
gravity of the dried soil pat. 

(b) The shrinkage ratio, R, shall be 
calculated from the data obtained in the 
volumetric shrinkage determination by 
the following formula; 



Volumetric Change 

8. (a) The volumetric change of a soil 
for a given moisture content is the 
volume change, expressed as a percent- 
age of the dry volume, of the soil mass 
when the moisture content is reduced 
from the stipulated percentage to the 
shrinkage limit. This stipulated mois- 
ture content is usually taken as the field 
moisture equivalent. 

(b) The volumetric change shall be 
calculated from the data obtained in the 
volumetric shrinkage determination by 
the following formula: 

Volumetric change = (Mi — S)R 

where Mi = given moisture content. 

If, as is customary, the volumetric 
change from the field moisture equivalent 
is desired, the formula assumes the 
following form: 

Volumetric change, C/ = volumetric change 
from field mois- 
ture equivalent 

Volumetric change, C/ = (F — S)R 
where F = field moisture equivalent. 
Lineal Shrinkage 

9. (a) The lineal shrinkage of a soil 
for a given moisture content is the de- 
crease in one dimension, expressed as a 
percentage of the original dimension, of 


the soil mass when the moisture content 
is reduced from an amount equal to the 
field moisture equivalent to the shrink- 
age limit. 


(b) The lineal shrinkage shall be 
obtained either by means of the follow- 
ing formula or by means of the curve 



Volumefric Chanqe , Cr, per cent 

Fig. 2. — Curve for Determining Lineal Shrink- 
age. 


shown in Fig. 2, which represents this 
relation: 


Lineal shrinkage = 100 



Specific Gravity 

10. (a) The specific gravity of a soil 
is the weight of the oven-dried soil 
divided by the true volume of the soil 
particles. 

{b) The specific gravity may be calcu- 
lated from the data obtained in the 
volumetric shrinkage test by the follow- 
ing formula; 
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Stamdard Method of Test for 
MOISTURE-DENSITY RELATIONS OF SOIL-CEMENT 
MIXTURES* 



A.S.T.M. Designation: D 558 - 44 
Adopted, 1944.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 558; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, This method of test is intended for 
determining the relationship between the 
moisture content of soil-cement mixtures 
and resulting densities (oven-dry weight 
per cubic foot) when the soil-cement 
mixture is compacted in the laboratory, 
before cement hydration, as specified 
herein. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Mold . — A cylindrical metal mold 
having a capacity of cu. ft. with an 
internal diameter of 4,0 in. and a height 
of approximately 4.6 in., which has a 
detachable collar assembly approxi- 
mately 2| in, in height, to permit pre- 
paring compacted specimens of soil- 
cement mixtures 4.0 in. in diameter and 
approximately 4.6 in. in height which 
have a volume of ^ir cu. ft. The mold 
and collar shall be fastened to a detach- 
able base, (See Fig. 1.) 

* Under the standardization procedure of the Society, 
^is method is under the joint jurisdiction of A.S.T.M. 
Committee D-4 on Road and Paving Materials and Com- 
mittee _D-18 on Soils for Engineering Purposes. 

* Prior to adoption as standard, this method was pub- 
ished as tentative from 1940 to 1944. 


tb) Rammer . — A metal rammer hav- 
ing a 2-in. diameter circular face and 
weighing 5.5 lb. The rammer shall be 
equipped with a suitable arrangement to 
control the specified drop. 

(r) Sleeve . — Closed cylindrical sleeve 
slightly less than 4,0 in. in diameter or 
similar device for removing compacted 
specimens from the mold. 

{d) Balances . — A balance or scale of 
25-lb. capacity sensitive to 0.01 lb.; and 
a 100-g. capacity balance sensitive to 
0.1 g. 

(d) Drying Oven . — A thermostatically 
controlled drving oven capable of main- 
taining temperatures of about 1 10 C. 
(230 F.) for drying moisture samples. 

Procedure 

3. {a) The air-dry soil first shall be 
pulverized to pass a No. 4 (4760- 
micron) sieve so as to separate the soil 
particles without reducing the particle 
size. 

ib) The required cement shall be 
added to the pulverized soil. The test 
shall be performed only on that portion 
of the soil-cement mixture which wiU 
640 
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pass a No. 4 (4760-micron) sieve. A 
quantity of water sufficient to produce 
slight cohesion shall then be thoroughly 
mixed with the soil-cement sample to 
permit ready compaction. The thor- 
oughly mixed soil-cement sample shall 
be immediately compacted in the mold 
in three equal layers, to give a total 
compacted depth of about 5 in.; each 
layer being compacted by 25 blows of 
the rammer dropping free from a height 
of 12 in. above the elevation of the soil 
when a sleeve-type rammer is used or 12 



Fig. 1. — Cylindrical Mold for Moisture- 
Density Test. 


ill. above the approximate elevation of 
each finally compacted layer when a 
stationary mounted type rammer is 
used. During compaction, the mold 
shall rest on a uniforni, rigid foundation 
weighing 200 lb. or its equivalent. The 
blows shall be uniformly distributed over 
the surface of the layer being compacted. 
After compacting, the collar shall be 
removed and the top carefully trimmed 
to the exact height of the mold with a 
steel straightedge to produce a speci- 
men approximately 4.6 in. in height and 
having a volume of -jV cu. ft. 


(c) The weight of the compacted soil- 
cement mixture shall be determined, the 
material removed from the cylinder, 
sliced vertically in the center and a 100-g. 
sample taken from the center, weighed 
immediately, dried in an oven at 110 C. 
(230 F.) for at least 12 hr. or to constant 
weight. This procedure establishes the 
moisture-density relation of the initial 
soil-cement mixture. 

(d) The soil-cement mixture shall be 
again finely pulverized, so as to separate 
the soil particles without reducing the 
particle size, to pass a No. 4 (4760- 
micron) sieve and a small increment of 
moisture carefully added and thoroughly 
mixed to insure uniform distribution. 
Then the moistened and pulverized 
material shall be compacted in the mold 
in three layers as described in Para- 
graph (b), weighed, and a moisture deter- 
mination made to establish the moisture- 
density relation for a slightly moistened 
soil-cement mixture. The soil-cement 
mixture again shall be finely pulverized, 
so as to separate the soil particles with- 
out reducing the particle size, to pass a 
No. 4 sieve and additional increments of 
water added and the same procedure fol- 
lowed of mixing, compacting in the mold, 
weighing, and making moisture deter- 
minations until the moisture content of 
the soil-cement mixture reaches a con- 
dition where it is difficult to pulverize 
the moistened materials, or it has a 
moisture content near the liquid limit. 
This procedure will establish the mois- 
ture-density relations of a soil-cement 
mixture for the moisture contents prac- 
ticable to handle in the field. 

Calculation 

4. The moisture content and oven-dry 
weight of the mixture as compacted shall 
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be calculated by means of the following 
formulas: 

Moisture, per cent = 

wt. of wet soil-cement — wt, of oven- 
dried soil-cement 
wt. of oven-dried soil-cement 
Dry weight (per cu. ft. of soil-cement as corn- 

acted) — wt. in lb. per cu. ft. ^ 

percentage of moisture plus 100 

Moisture-Density Relationship 

5. (a) The calculations in Section 4 
are made to determine the moisture con- 
tent and corresponding compacted oven- 
dry weight (density) of the compacted 
soil-cement for each test made on the 
mixture. The oven-dry weights per 
cubic foot (density) of the soil shall be 
plotted as ordinates and the correspond- 
ing moisture contents as abscissas. 

(b) Optimum Moisture Content . — 
When the moisture-density relations 
have been determined for a soil-cement 
mixture and the results plotted as indi- 
cated in Paragraph (c), it will be found 
that by connecting the plotted points 
with a smooth line a curve is produced 
which is, generally, parabolic in form. 
The moisture content producing the 
peak of the curve shall be termed the 
‘^optimum moisture content” of the soil- 
cement mixture under the above com- 
paction. 

(c) Maximum Density . — The oven- 
dry weight per cubic foot of moist soil- 
cement mixture at “optimum moisture 


content” shall be termed “maximum 
density” under the above compaction. 

id) When the curve resulting from 
connecting plotted points does not pro- 
duce a parabolic-type curve with a 
definite peak, the “optimum moisture” 
and “maximum density” for such mix- 
tures shall be determined from the results 
of additional tests conducted in conform- 
ance with the Standard Method of Wet- 
ting-and-Drying Test of Compacted 
Soil-Cement Mixtures (A.S.T.M. Desig- 
nation: D 559)® and the Standard 
Method of Freezing-and-Thawing Test 
of Compacted Soil-Cement Mixtures 
(A.S.T.M. Designation: D 560)® on com- 
pacted soil-cement specimens. These 
specimens shall be molded with moisture 
contents approximately equal to the 
plastic limit of the soil and 1, 2, and 
3 per cent above and below this govern- 
ing moisture content. The densities of 
these specimens shall be those obtained 
with the prescribed moisture contents 
in the moisture-density test for the 
mixture. The cement content of these 
specimens shall be such that the soil- 
cement losses on the specimen giving the 
best results in these tests shall not exceed 
10 per cent of the dry weight of the speci- 
men. The moisture content and density 
corresponding to the specimen giving the 
best results shall be used as the “opti- 
mum moisture content” and “maximum 
density” of soil-cement mixtures which 
do not produce a parabolic-type curve. 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of hook. 


Standard Method of 

WETTING-AND-DRYING TEST OF COMPACTED SOIL- 
CEMENT MIXTURES^ 



A.S.T.M. Designation: D 559 - 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 559; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the soil-cement losses, mois- 
ture changes, and volume changes (swell 
and shrinkage) produced by repeated 
wetting and drying of compacted speci- 
mens of soil-cement mixtures of known 
composition and of known uniform 
density and moisture content. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Mold . — A cylindrical metal mold 
having a capacity of ijV cu. ft. with an 
internal diameter of 4.0 in. and a height 
of approximately 4,6 in., which has a 
detachable collar assembly approxi- 
mately 2| in. in height, to permit pre- 
paring compacted specimens of soil- 
cement mixtures 4.0 in. in diameter 
and approximately 4.6 in. in height 
which have a volume of cu.ft. The 
mold and collar shall be fastened to a 
detachable base. (See Fig. 1.) 

' Under the standardization procedure of the Society, 
this method is under the joint jurisdiction of the A.S.T.M. 
Committee D-4 on Road and Paving Materials and Com- 
mittee p-18 on Soils for Engineering Purposes. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1940 to 1944. 


{b) Rammer . — A metal rammer hav- 
ing a 2-in. diameter circular face and 
weighing 5.5 lb. The rammer shall be 
equipped with a suitable arrangement to 
control the specified drop. 

(c) Sleeve . — Closed cylindrical sleeve 
slightly less than 4.0 in. in diameter or 
similar device for removing compacted 
specimens from the mold. 

(d) Balances . — A balance or scale of 
25-lb. capacity sensitive to 0.01 lb.; 
and a 100-g. capacity balance sensitive 
to 0.1 g. 

(e) Drying Ovens . — A thermostatically 
controlled drying oven capable of main- 
taining temperatures of about 1 10 C, 
(230 F.) for drying moisture samples. 

A thermostatically controlled drying 
oven capable of maintaining tempera- 
tures of about 71 C. (160 F.) for drying 
compacted soil-cement specimens. 

(/) Moist Room . — A moist room ca- 
pable of maintaining a temperature of 
21 ± 1.7 C. (70 ± 3 F.) and a relative 
humidity of not less than 90 per cent 
for seven-day storage of compacted 
specimens. 
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(g) Wafer Bath. — Suitable tank for 
submerging compacted specimens in 
water at about 21 C. (70 F.). 

(h) Wire Scratch Brush. — A wire 
scratch brush made of 2-in. by i^-in. 
flat No. 26 gage wire bristles assembled 
in 50 groups of 10 bristles each and 
mounted to form five longitudinal rows 
and ten transverse rows of bristles on a 
7-|-in. by 2|-in. hardwood block. 

Preparation of Material for Molding 
Specimens 

3. This test shall be performed on 
soil-cement mixtures compacted in the 
mold, before cement hydration, to maxi- 



Fig. 1.— Cylindrical M old for Molding Specimens. 


{a) For Soil-Cement Mixtures Con- 
taining No Material Retained on the 
No. 4 Sieve. — A sufficient quantity of 
each soil-cement mixture to be investi- 
gated shall be prepared at optimum 
moisture content to provide two com- 
pacted specimens approximately 4.6 in. 
in height and 4.0 in. in diameter. 

(b) For Soil- Cement Mixtures Con- 
taining Material Retained on the No. 4 
Sieve. — When the soil-cement mixtures 
contain material retained on the No. 4 
(4760-micron) sieve, the following pro- 
cedures shall be followed which vary 
from that described in Paragraph (a): 
Since the specimens are 4 in. in diameter, 
it is necessary to prescribe the maximum 
size material to be used in the specimen 
and this size shall be set at f in. Com- 
pensation shall be made for any ma- 
terial larger than f in. by replacing it 
with an equal dry weight of No. 4 
sieve to f-in. material of the same 
gradation as that contained in the orig- 
inal soil sample. A sufficient quantity 
of minus No. 4 sieve soil-cement ma- 
terial shall be prepared at the optimum 
moisture content to provide two com- 
pacted specimens 4.6 in. in height and 
4.0 in. in diameter after the requisite 
amount of saturated, surface-moist, plus 
No. 4 sieve material, as defined above, 
has been added to the damp, minus 
No. 4 material. 


mum density at optimum moisture 
content and in the same manner of com- 
paction as specified in the Standard 
Method of Test for Moisture - Density 
Relations of Soil-Cement Mixtures 
(A.S.T.A4. Designation: D 558) of the 
American Society for Testing Materials.® 
Representative roadway soil shall be 
used except as modified in the following 
Paragraph (i). 


5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T..M. Designations at front of book. 


Molding Specimens 

4. (c) The prepared material shall 
be compacted in the mold in the same 
manner as that specified in the Standard 
Method of Test for Moisture - Density 
Relations of Soil-Cement Mixtures 
(A.S.T.M. Designation: D 558) of the 
American Society for Testing Materials,® 
with the further provision that before 
placing and compacting the next layer, 
smooth compaction planes produced 
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during compaction of each la 3 ^er shall 
be scarified to form grooves, at right 
angles to each other, approximately | 
in. in width and | in. in depth and ap- 
proximately I in. apart. During com- 
paction, a representative soil-cement 
mixture moisture sample shall be taken 
from the batch, weighed, dried in an 
oven at 110 C. (230 F.) for at least 12 hr. 
or to constant weight. The compacted 
specimens shall be removed from the 
mold, weighed, and the density deter- 
mined; the volume shall be determined 
by (I) averaging the diameters measured 
to the nearest 0.02 in. (0.05 cm.) at 
right angles to each other at the center 
and the quarter points of the specimen 
and averaging the heights measured to 
the nearest 0.02 in. (0.05 cm.) at the 
quarter points on the circumference of 
the specimen, or (2) by immersion and 
displacement methods in a nonabsorbent 
liquid such as mercury. 

(b) One specimen shall be identified 
on a metal tag (or other suitable de- 
vice) as No. 1, together with other 
needed identification marks and shall 
be used to obtain data on moisture and 
volume changes during the test. The 
other specimen shall be identified 
as No. 2, together with other needed 
identification marks and shall be used 
to obtain data on soil-cement losses 
during this test. 

(c) After the required data have been 
obtained, the specimens shall be placed 
on suitable carriers in the moist room 
and protected from free water for a 
period of seven days. The No. 1 speci- 
mens shall be weighed and measured 
daily to give data for calculating the 
moisture content and volume of the 
specimens each day. 

Procedure 

5. (a) At the end of the storage in the 
moist room, the specimens shall be sub- 
merged in tap water at room tempera- 


ture for a period of 5 hr. and removed. 
The No. 1 specimen (volume and mois- 
ture change specimen) shall be weighed 
and measured. 

(b) Both specimens shall be placed 
in an oven at about 71 C. (160 F.) for 
42 hr. and removed. Then, both speci- 
mens shall be weighed and No. 1 speci- 
men measured. Specimen No. 2 (soil- 
cement loss specimen) shall then be 
given two firm strokes on all areas with a 
wire scratch brush to remove all ma- 
terial loosened during 'wetting and dry- 
ing. The specimen shall again be 
weighed after brushing. The moisture 
content of the material brushed from 
the specimen shall be determined di- 
rectly, but if this is not possible, it may 
be assumed to be equal to the moisture 
content of the No. 1 specimen. The 
oven-dry (110 C., 230 F.) weight of ma- 
terial brushed from the specimen shall be 
calculated. 

(c) The procedures described in Para- 
graphs (a) and (b) constitute one cycle 
(48 hr.) of wetting and drying. The 
specimens shall then be again submerged 
in water and the procedure continued. 
The data collected will permit calcula- 
tions of volume and moisture changes of 
specimen No. 1 and the soil-cement 
losses of specimen No. 2. 

(d) The wetting and drying of the 
No. 1 specimens shall be continued for 
12 cy^cles or discontinued prior to 12 
cycles should the measurements become 
inaccurate due to distortion or soil- 
cement loss of the specimens. The 
wetting and drying of the No. 2 speci- 
mens shall be continued for 12 cycles, 
if possible. 

Calculation 

6. The volume and moisture changes 
and the soil-cement losses of the speci- 
mens shall be calculated as follows: 

(a) The difference between the vol- 
ume of specimen No. 1 at the time of 
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molding and subsequent volumes shall 
be calculated as a percentage of the 
original volume. 

(6) The moisture content of specimen 
No, 1 at the time of molding and sub- 
sequent moisture contents shall be cal- 


culated as a percentage of the original 
oven-dry weight of the specimen. 

(c) The soil-cement loss of specimen 
No. 2 shall be calculated as a percentage 
of the original oven-dry weight of the 
specimen. 


Standard Method of 

I'REEZING-AND-THAWING TEST OF COMPACTED 
SOIL-CEMENT MIXTURES* 

A.S.T.M. Designation: D 560 - 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 560; the final number indicates the year, of original 
adoption as standard or, in the case of revision, the year of last revision. 



Scope 

1. This method of test is intended for 
determining the soil-cement losses, mois- 
ture changes, and volume changes (swell 
and shrinkage) produced by repeated 
freezing and thawing of compacted 
specimens of soil-cement mixtures of 
known composition and of known uni- 
form density and moisture content. 
Apparatus 

2. The apparatus shall consist of the 
following: 

{a) Mold . — A cylindrical metal mold 
having a capacity of cu.ft. with an 
internal diameter of 4.0 in. and a height 
of approximately 4.6 in., which has a 
detachable collar assembly approximately 
2| in. in height, to permit preparing 
compacted specimens of soil-cement 
mixtures 4.0 in. in diameter and approxi- 
mately 4.6 in. in height which have a 
volume of cu. ft. The mold and 
collar shall be fastened to a detachable 
base. (See Fig. 1.) 

1 Under the standardization pjrocedure of the Society, 
this method is under the joint jurisdiction of the A.S.T.M. 
Committee D-4 on Road and Paving Materials and Com- 
mittee D-18 on Soils for Engineering Purposes. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1940 to 1944. 


{h) Rammer . — A metal rammer hav- 
ing a 2-m. diameter circular face and 
weighing 5.5 lb. The rammer shall be 
equipped with a suitable arrangement to 
control the specified drop. 

(fi) Sleeve . — Closed cylindrical sleeve 
slightly less than 4.0 in. in diameter or 
similar device for removing compacted 
specimens from the mold. 

(d) Balances . — A balance or scale of 
25-lb. capacity sensitive to 0.01 lb.; 
and a 100-g. capacity balance sensitive 
to 0.1 g. 

{e) Drying Oven . — A thermostatically 
controlled drying oven capable of main- 
taining temperatures of about 110 C. 
(230 F.) for drying moisture samples. 

(/) Freezing Cabinet . — A freezing cab- 
inet capable of maintaining temperatures 
of minus 23 C. (minus 10 F.) or lower. 

(g) Moist Room . — A moist room ca- 
pable of maintaining a temperature of 
21 dr 1.7 C. (70 dr 3 F.) and a relative 
humidity of not less than 90 per cent 
for seven-day storage of compacted 
specimens and for thawing frozen speci- 
mens. 
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Qi) Wire Scratch Brush . — A wire 
scratch brush made of 2-in. by -^fe-in. flat 
No. 26 gage wire bristles assembled in 
50 groups of 10 bristles each and 
mounted to form five longitudinal rows 
and ten transverse rows of bristles on a 
7|-in. by 2|-in. hardwood block. 

Preparation of Material for Molding 
Specimens 

3. This test shall be performed on 
soil-cement mixtures compacted in the 
mold, before cement hydration, to maxi- 



mum density at optimum moisture con- 
tent and in the same manner of compac- 
tion as specified in the Standard Method 
of Test for Moisture -Density Relations 
of Soil-Cement Mixtures (A.S.T.M. 
Designation: D 558) of the American 
Society for Testing Materials.* Repre- 
sentative roadway soil shall be used 
except as modified in the following 
Paragraph {h). 

(a) For Soil- Cement Mixtures Coit- 
taining No Material Retained on the 
No. 4 Sieve.— A sufficient quantity of 

3 Appear in tins publication , see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


each soil-cement mixture to be investi- 
gated shall be prepared at optimum 
moisture content to provide two com- 
pacted specimens approximately 4.6 in. 
in height and 4.0 in. in diameter. 

(b) For Soil-Cement Mixtures Con- 
taining Material Retained on the No. 4 
Sim . — When the soil-cement mixtures 
contain material retained on the No. 4 
(4760-micron) sieve, the following pro- 
cedures shall be followed which vary 
from that described in Paragraph (a): 
Since the specimens are 4 in. in diameter, 
it is necessary to prescribe the maximum 
size materia] to be used in the specimens 
and this size shall be set at f in. Com- 
pensation shall be made for any material 
larger than | in. by replacing it with an 
equal dry weight of No. 4 sieve to 
f-in. material of the same gradation 
as that contained in the original soil 
sample. A sufficient quantity of minus 
No. 4 sieve soil-cement material shall 
be prepared at optimum moisture con- 
tent to provide two compacted speci- 
mens 4.6 in. in height and 4.0 in. in di- 
ameter after the requisite amount of 
saturated surface-moist, plus No. 4 sieve 
material, as defined above, has been 
added to the damp, minus No. 4 sieve 
material. 

Molding Specimens 

4. (a) The prepared material shall 
be compacted in the mold in the same 
manner as that specified in the Standard 
Method of Test for Moisture - Density 
Relations of Soil-Cement Mixtures (A.S. 
T.M. Designation : D 558) of the American 
Society for Testing Materials,* with the 
further provision that before placing 
and compacting the next layer, smooth 
compaction planes produced during com- 
paction of each layer shall be scarified to 
form grooves, at right angles to each 
other, approximately | in. in width and 
I in. in depth and approximately | in. 
apart. During compaction, a repre- 
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sentative soil-cement mixture moisture 
sample shall be taken from the batch, 
weighed, dried in an oven at HOC. 
(2v30 F.) for at least 12 hr. or to constant 
weight. The compacted specimens shall 
be removed from the mold, weighed, and 
density determined; the volume shall be 
determined by (2) averaging the diam- 
eters measured to the nearest 0.02 in. 
(0.05 cm.) at right angles to each other 
at the center and the quarter points of 
the specimen and averaging the heights 
measured to the nearest 0.02 in. (0.05 
cm.) at the quarter points on the cir- 
cumference of the specimen, or (2) by 
immersion and displacement methods in 
a nonabsorbent liquid such as mercury. 

(b) One specimen shall be identified 
on a metal tag (or other suitable device) 
as No. 1, together with other needed 
identification marks and shall be used 
to obtain data on moisture and volume 
changes during the test. The other 
specimen shall be identified as No. 
2, together with other needed iden- 
tification marks and shall be used to 
obtain data on soil-cement losses during 
this test. 

(c) After the required data have been 
obtained, the specimens shall be placed 
on suitable carriers in the moist room 
and protected from free water for a 
period of seven days. The No. 1 speci- 
mens shall be weighed and measured 
daily to give data for calculating the 
moisture content and volume of the 
specimens each day. 

Procedure 

5. (a) At the end of the storage in 
the moist room, water-saturated felt 
pads, blotters or similar absorptive ma- 
terial shall be placed between the speci- 
mens and the carriers, and the assembly 
placed in a refrigerator having a con- 
stant temperature not warmer than 
minus 23 C. (minus 10 F.) for 22 hr. and 


removed. The No. 1 specimen (volume 
and moisture change specimen) shall be 
weighed and measured and both speci- 
mens placed in the moist room. Free 
water shall be made available to the 
absorbent pads under the specimens to 
permit absorption of water by the speci- 
mens by capillarity. 

(b) After 22 hr. in the moist room, 
both specimens shall be weighed and 
the No. 1 specimen measured. Speci- 
men No. 2 (soil-cement loss specimen) 
shall then be given two firm strokes on 
all areas with a wire scratch brush to 
remove all material loosened during 
freezing and thawing. The specimen 
shall be again weighed after brushing. 
The moisture content of the material 
brushed from the specimen shall be 
determined directly, but if this is not 
possible, it may be assumed to be equal 
to the moisture content of the No. 1 
specimen. The oven-dry (1 IOC., 230 F.) 
weight of material brushed from the 
specimen shall be calculated. 

(c) The procedures described in Para- 
graphs (a) and (&) constitute one cycle 
(48 hr.) of freezing and thawing. The 
specimens shall then be replaced in the 
refrigerator and the procedure continued. 
The data collected will permit calcula- 
tions of volume and moisture changes of 
specimen No. 1 and the soil-cement 
losses of specimen No. 2. 

(d) The freezing and thawing of the 
No. 1 specimens shall be continued for 
12 cycles or discontinued prior to 12 
cycles should the measurements become 
inaccurate due to distortion or soil- 
cement loss of the specimen. The freez- 
ing and thawing of the No. 2 specimens 
shall be continued for 12 cycles, if pos- 
sible. 

Calculation 

6. The volume and moisture changes 
and the soil-cement losses of the speci- 
mens shall be calculated as follows: 
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(a) The difference between the vol- 
ume of specimen No. 1 at time of mold- 
ing and subsequent volumes shall be 
calculated as a percentage of the orig- 
inal volume. 

(b) The moisture content of specimen 
No, 1 at the time of molding and sub- 


sequent moisture contents shall be cal- 
culated as a percentage of the original 
oven-dry weight of the specimen. 

(c) The soil-cement loss of specimen 
No. 2 shall be calculated as a percentage 
of the original oven-dry weight of the 
specimen. 


Standard Specifications for 

ASPHALT FOR USE IN CONSTRUCTING BUILT-UP ROOF 
COVERINGS^ 



A.S.T.M. Designation; D 312 - 44 
Adopted, 1941; Revised, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 312; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover asphalt 
intended for use as hot-cement and mop- 
ping coat in the construction of built-up 
roof coverings for roofs surfaced in vari- 
ous manners, laid either over boards or 
concrete on various inclines. 

Primer 

2. The material used as a primer when 
this asphalt is used over concrete and 
gypsum roof slabs shall be asphalt primer 
conforming to the Standard Specifica- 
tions for Primer for Use with Asphalt in 
Dampproofing and Waterproofing (A.S. 
T.M. Designation: D 41).^ 

Membrane Materials 

3. The felts for use in constructing 
built-up roof coverings with this asphalt 
shall be of the type covered by any of 
the following specifications: 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-8 on Bituminous Waterproofing and 
Roofing Materials. 

^ Prior to adoption as standard, these specifications 
were published, as tentative from 1929 to 1941, being re- 
vised in 193S, 1937, and 1939. 

® Appears in this publication; see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


(a) Standard Specifications for As- 
phalt-Saturated Roofing Felt for Use in 
Waterproofing and in Constructing Built- 
Up Roofs (A.S.T.M. Designation: 
D 226), 3 

(b) Tentative Specifications for As- 
phalt-Saturated Asbestos Felts for Use in 
Waterproofing and in Constructing Built- 
Up Roofs (A.S.T.M. Designation: 
D 250), 3 and 

(c) Tentative Specifications for As- 
phalt-Saturated and Coated Asbestos 
Felts for Use in Constructing Built-Up 
Roofs (A.S.T.M. Designation: D 655).® 

Types 

4. The asphalts covered by these 
specifications are as follows: 

(u) Relatively susceptible asphalts 
with good adhesive and “self-healing” 
properties for use in slag or gravel sur- 
faced roofing on inclines up to 3 in. 
per ft., 

(b) Somewhat less susceptible asphalts 
for roofing laid on inclines up to 3 in. 
per ft. which are not surfaced with slag 
or gravel, and 
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(c) Relatively nonsusceptible asphalts 
for use on inclines between 3 and 6 in. 
per ft. 

Properties 

5. The asphalt shall be homogeneous 
and free from water. It shall conform 
to the requirements prescribed in 
Table I. 


(c) Flash Pjbint. — Standard Method 
of Test for Flash and Fire Points by 
Means of Open Cup (A.S.T.M. Designa- 
tion; D92).* 

(d) Penetration. — Standard Method of 
Test for Penetration of Bituminous Ma- 
terials (A.S.T.M. Designation: D 5).® 

ie) Ductility. — Standard Method of 
Test for Ductility of Bituminous Mate- 
rials (A.S.T.M. Designation: D 113),^ 


TABLE I.— REQUIREMENTS FOR ASPHALT FOR CONSTRUCTING BUILT-UP ROOF COVERINGS. 


! 

j Type of Roofing 


Mineral Surfaced 
Flat 

j Unsurfaced Flat 

Unsurfaced Steep 


Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

For use on decks havinjj inclines: 


3 


3 

3 

6 

Over concrete, in. per ft.: 


3 


3 

3 

6 



l.S 


l.S 

1.5 

3 









135 F. 

150 F. 

135 F. 

170 F. 

170 F. 

200 F. 


(57 C.) 
375 F. 

(66 C.) 

(57 C.) 
375 F. 

(77 C.) 

(77 C.) 
375 F. 

(93 C.) 

Penetration: 

0 C. (32 F.), 200 g., 00 sec 

(195 C.) 


(195 C.) 

5 


(195 C.) 


25 C. (77 F.), 100 g., S sec 

20 

50 

20 

40 

20 


46 C. (115 F.). SO K.. 5 sec 


ISO 


100 

Ductility at 25 C. (77 F ), (5 cm. per min.), cm 





Loss on heating at 163 C. (325 F.), 50g., 5 hr., per cent.. 
Penetration of residue, per cent of original 

60 

1.5 

60 

i.s 

60* 

1.5 

Total bitumen soluble in carbon disulhde, per cent: 
Filled or native asphalt 

65 


65 


65 


Unfilled asphalt 

99 


99 


99 


Proportion ol bitumen soluble in carbon tetrachlo- 
ride, per cent 

99 


99 


99 


Ash, per cent; 

Filled or native asphalt 

7.5 

35 

1 

7.5 

35 

1 

7.5 

35 

Unfilled asphalt 

Coarse particles retained on No. 200 (74-micron) sieve 
as percentage of matter insoluble in carbon disul- 
fide, per cent 


12 


12 


12 






Sampling and Methods of Testing 

6. The asphalt shall be sampled and 
the properties enumerated in these speci- 
fications shall be determined in accord- 
ance with the following methods of the 
American Society for Testing Materials: 

(a) Sampling. — Tentative Methods of 
Sampling Bituminous Materials (A.S. 
T.M. Designation: D 140).® 

(b) Softening Point. — Standard Method 
of Test for Softening Point of Bitumi- 
nous Materials (Ring-and-Ball Method) 
(A.S.T.M. Designation; D 36).® 


(/) Loss on /fefl/wg.— Tentative 
Method of Test for Loss on Heating of 
Oil and Asphaltic Compounds (A.S.T.M. 
Designation: D 6).® 

{g) Soluble in Carbon Disulfide . — 
Standard Method of Test for Determi- 
nation of Bitumen (A.S.T.M. Designa- 
tion: D 4).® 

Qi) Bitumen Soluble in Carbon Tetra- 
Standard Method of Test for 
Proportion of Bitumen Soluble in Car- 
bon Tetrachloride (A.S.T.M. Designa- 
tion: D 165).® 
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(t) Ash . — Standard Methods of Lab- 
oratory Sampling and Analysis of Coal 
and Coke (A.S.T.M. Designation: 
D271).^ 

{j) Coarse Particles . — Standard 


Method of Test for Coarse Particles in 
Mixtures of Asphalt and Mineral Mat- 
ter (A.S.T.M. Designation: D 313).® 
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Standard Specifications for 
COAL-TAR PITCH FOR ROOFING, DAMPPROOFING, AND 
WATERPROOFING^ 



A.S.T.M. Designation: D 450 - 41 
Adopted, 1941.® 

Reapproved in 1944 Without Change. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 450; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover coal-tar 
pitch suitable for use as a mopping coat 
in the construction of built-up roofs sur- 
faced with slag or gravel, as a mopping 
coat in dampproofing, or as a plying or 
mopping cement in the construction of 
a membrane S3''stem of waterproofing. 

Primer 

2. The material used as a primer shall 
be creosote conforming to the Standard 
Specifications for Creosote for Priming 
Coat with Coal-Tar Pitch in Damp- 
proofing and Waterproofing (A.S.T.M. 
Designation: D 43) of the American So- 
ciety for Testing Materials.® 

Membrane Materials 

3. (a) For the construction of built-up 
roofs, felts conforming to the Standard 
Specifications for Coal-Tar Saturated 

1 Uiiiler the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-8 on Bituminous Waterproofing and 
Roofing Materials. 

5 Prior to adoption as standard, these specifications 
were published as tentative from 1937 to 1941, being re- 
vised in 1938, . • 

« Appears in th is publication, see Contents in Nnmeiic 
Sequence of A.S.T.M . Designations at front of book. 


Roofing Felt for Use in Waterproofing 
and in Constructing Built-Up Roofs 
(A.S.T.M. Designation: D 227) of the 
American Society for Testing Materials® 
shall be used. 

(7i) For the construction of a mem- 
brane system of waterproofing, any or 
all of the following felts, fabrics, or bur- 
lap conforming to the specifications of 
the American Society for Testing Ma- 
terials may be used alone or in various 
combinations: 

Felt . — Standard Specifications for 
Coal-Tar Saturated Roofing Felt for Use 
in Waterproofing and in Constructing 
Built-Up Roofs (A.S.T.M. Designation; 
D 227).® 

Cotton Ffl6nc5.— -Standard Specifica- 
tions for Woven Cotton Fabrics Satu- 
rated with Bituminous Substances for 
Use in Waterproofing (A.S.T.M. Desig- 
nation: D 17v3),® coal-tar saturant. 

Types 

4. The coal-tar pitches covered by 
these specifications are of two types, as 
follows: 

Type A. — Coal-tar pitch for use as a 
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mopping coat in the construction of 
built-up roofs surfaced with slag or 
gravel on inclines not exceeding 3 in. per 
ft. where nailing is employed, and not 
exceeding 1 in. per ft. where nailing is 
omitted. 

Coal-tar pitch for use as a mopping 
coat in dampproofing or as a plying ce- 
ment in the construction of a membrane 
system of waterproofing above ground 
level when not exposed to temperatures 
exceeding 125 F. (52 C.). 


specifications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing Ma- 
terials: 

(a) Sampling. — Tentative Methods of 
Sampling Bituminous Materials (A.S. 
T.M. Designation: D 140).® 

Q}) Water. — Standard Method of Test 
for Water in Petroleum Products and 
Other Bituminous Materials (A.S.T.M, 
Designation: D 95).® 

(c) Specific Gravity. — Standard Method 


TABLE I.— REQUIREMENTS FOR COAL-TAR PITCH FOR ROOFING, DAMPPROOFING, 
AND WATERPROOFING. 


Water, per cent 

Specific gravity, 25/25 C. (77/77 F.) 

Softening point (cube-in-water method) ; 

Type A 

Type B 

Flash point (Cleveland open cup) 

Distillation test; 

Total distillate by weight 32 to 572 F. (0 to 300 C.), pet cent 

Residue by weight, per cent 

Specific gravity, 100/60 F. (38/15.5 C.), of total distillate to 572 F. (300C.) 

Softening point (cube-in-water method) of residue from distillation to 572 F. 

(300 C.) 

Ductility at 25 C. (77 F.), (5 cm. per min ), cm 

Total bitumen soluble in carbon disulfide, per cent 

Ash, per cent 


i!22 

140 F. (60 C.) 
120 F. (49 C.) 
248 F. (120 CO 


so'" 

72 


0 

1.34 

155 F. (68 C.) 
140 F. (60 C.) 


10 


Note.— The usual range for softening point of roofing pitch shall be 140 to ISO F. In hot summer weather a softening 
point range of 145 to 155 F. will be permitted. 


Note. — ^T his type of coal-tar pitch is suitable 
for railroad bridges, tanks, retaining walls, 
culverts, dams, conduits, etc. 

Type B. — Coal-tar pitch for use as a 
mopping coat in dampproofing or as a 
plying cement in the construction of a 
membrane system of waterproofing be- 
low ground level under uniformly mod- 
erate temperature conditions both during 
the process of installation and during 
service. 

Properties 

5. The coal-tar pitch shall be homog- 
enous and shall conform to the require- 
ments prescribed in Table I. 

Methods of Sampling and Testing 

6. The coal-tar pitch shall be sampled 
and the properties enumerated in these 


of Test for Specific Gravity of Road Oils, 
Road Tars, Asphalt Cements, and Soft 
Tar Pitches (A.S.T.M. Designation: 
D 70).® 

(d) Softening Point. — Standard Method 
of Test for Softening Point of Tar Prod- 
ucts (Cube-in-Water Method) (A.S.T.M. 
Designation: D 61).® 

(e) Flash Point. — Standard Method 
of Test for Flash and Fire Points by 
Means of Open Cup (A.S.T.M. Designa- 
tion: D 92).® 

(f) Distillation. — Standard Method of 
Test for Distillation of Tar Products 
Suitable for Road Treatment (A.S.T.M. 
Designation: D 20).® 

(g) Ductility. — Standard Method of 
Test for Ductility of Bituminous Ma- 
terials (A.S.T.M. Designation: D113).® 
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(/i) Bitumen Soluble in Carl o i Disul- 
fide.— BiB.ndzxd Method of Test for De- 
termination of Bitumen (A.S.'i'.M. Des- 
ignation: D 4).® 

(i) Ash . — Standard Methods of Lab- 


oratory Sampling and Analysis of Coal 
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AMERICAN ASSOCIATION STATE 
HIGHWAY OEFICIALS STANDARD 
A.A.S.H.O. NO.: M 116-42 


Standard Specifications for 

PRIMER FOR USE WITH ASPHALT IN DAMPPROOFING AND 
WATERPROOFING' 



A.S.T.M. Designation: D 41 - 41 

Adopted, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 41; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1 . These specifications cover asphaltic 
primer for use, when specified, w'ith 
asphalt in dampproofing and water- 
proofing below or above ground level, for 
application to concrete and masonry 
surfaces. 

Properties 

2. (o) The primer shall be free from 
water and shall conform to the following 
requirements; 

Furol viscosity at 25 C. (77 F.) . . .25 to 150 sec. 
Distillation, per cent by volume: 

Up to 225 C. (437 F.) not less than 35 

Up to 360 C, (680 F.) not more than 65 

(J) The residue obtained from the dis- 
tillation up to 360 C. (680 F.) shall con- 
form to the following requirements: 


I Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-8 on Bituminous Waterproofing and 
Roofing Materials. 

“ Prior to their present adoption as standard, these 
specifications were published as tentative from 1917 to 
1925, being revised in 1922 and 192S. They were adopted 
in 192.S, published as standard from 1925 to 1936, being 
revised in 1926, but were withdrawn and republished as 
tentative from 1936 to 1941, being revised in 1939. 


Penetration at 25 C. (77 F.), 100 g., 

5 sec 20 to 50 

Matter soluble in carbon disulfide not less 

than 99 per cent 

Sampling 


3. {a) From each shipment or frac- 
tion thereof representing primer of the 
same kind, a number of packages shall 
be selected at random equivalent to the 
cube root of the total number of pack- 
ages in the lot. If the cube root as 
calculated proves to be a fractional 
number, it shall be expressed as the next 
higher whole number. For convenience, 
the following table is given, showing the 
number of samples to be selected for 
shipments of various sizes: 


Packages in Packages 

Shipment Selected 

2 to 8 2 

9 to 27 3 

28 to 64 4 

65 to 125 5 

126 to 216 6 

217 to 343 7 

344 to 512 8 

513 to 729 9 

730 to 1000 10 

1001 to 1331 11 


(b) By means of a paddle, the contents 
of each package selected shall be thor- 
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oughly stirred so as to bring all portions 
thereof into uniform distribution. With 
an appropriate sampler, not less than 1 
pt. of the primer shall be immediately 
drawn from the center of each package, 
and transferred to a clean receptacle of 
suitable size, which in turn shall be kept 
tightly covered, prior and immediately 
after the samples are being introduced. 
After all the pint samples have been 
added, the contents of the container 
shall be thoroughly agitated, whereupon 
1 qt. of the mixture shall immediately be 
transferred to a clean quart can provided 
with a tightly fitting screw cap, which 
shall be immediately fastened in place. 
This sample shall be considered as 
representative of the shipment and shall 
be transmitted to the laboratory for 
examination, bearing a suitable tag or 
other means of identification. 

Methods of Testing 
4, The properties enumerated in these 


specifications shall be determined in 
accordance with the following methods 
of test of the American Society for 
Testing Materials: 

(a) Furol Viscosity. — Standard 
Method of Test for Viscosity by Means 
of the Saybolt Viscosimeter (A.S.T.M, 
Designation: D 88).® 

{h) Distillation. — Standard Method of 
Test for Distillation of Cut-Back As- 
phaltic Products (A.S.T.M. Designa- 
tion: D 402).® 

{c) Penetration. — Standard Method of 
Test for Penetration of Bituminous 
Materials (A.S.T.M. Designation: 
DS).® 

(d) Bitumen SohMe in Carbon Di- 
sulfide.— Standard Method of Test for 
Determination of Bitumen (A.S.T.M. 
Designation: D 4).® 


> Appears in tins publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Specifications for 
CREOSOTE FOR PRIMING COAT WITH COAL-TAR PITCH 
IN DAMPPROOFING AND WATERPROOFING^ 



A.S.T.M. Designation: D 43 - 41 

Adopted, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 43; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover creosote 
primer for use, when specified, with coal- 
tar pitch in dampproofing and water- 
proofing below or above ground level, 
for application to concrete and masonry 
surfaces. 

Properties^" 

2. Creosote primer shall be a distillate 
of coal-gas tar or coke-oven tar and shall 
conform to the following requirements: 

Water not more than 1 per cent 

Consistency at S C. (41 F.) , . entirely fluid and crystal free® 
Specific gravity, 38/15.5 C. (100/60 F.).. not less than 1.06 

Matter insoluble in benzol not more than 0.5 per cent 

Distillation, based on water-free oil: 

Up to 210 C not more than 1 per cent 

Up to 235 C not more than 10 per cent 

Up to 355 C not less than 65 per cent. 

Coke residue not more than 2 per cent 


“ The creosote shall be rated as crystal free if no 
crystals are formed when 100 ml. of the sample is main- 
tained at a temperature of 5 C. (41 F.) for 3 hr., in a 125 ml. 
Erleiuneyer flask, with occasional stirring. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-S on Bituminous Waterproofing and 
Roofing Materials. 

2 Prior to their present adoption as standard, these 
specifications were published as tentative from 1917 to 
1925, being revised in 1922. They were adopted in 1925, 
published as standard from 1925 to 1936, but were with- 
drawn and republished as tentative from 1936 to 1941, be- 
ing revised in 1937, 

2“ Editorially revised in 1942. 


Sampling 

3. {a) From each shipment or fraction 
thereof representing creosote of the same 
kind, a number of packages shall be 
selected at random equivalent to the 
cube root of the total number of packages 
in the lot. If the cube root as calculated 
proves to be a fractional number, it shall 
be expressed as the next higher whole 
number. For convenience, the follow- 
ing table is given, showing the number 
of samples to be selected for shipments 
of various sizes: 

Number of 


Packages in 

Packages 

Shipment 

Selected 

2 to 8 

2 

9 to 27 

3 

28 to 64 

4 

65 to 125 

5 

126 to 216 

6 

217 to 343 

7 

344 to 512 

8 

513 to 729 

9 

730 to 1000. 

10 

1001 to 1331 

11 


(6) By means of a paddle, the contents 
of each package selected shall be thor- 
oughly stirred so as to bring all portions 
thereof into uniform distribution. With 


659 


660 Specikcations for Creosote Primer for Waterproofing (I) 43 - 41) 


an appropriate sampler, not less than 1 
pt. of the creosote shall be immediately 
drawn from the center of each package 
and transferred to a clean receptacle of 
suitable size, which in turn shall be kept 
tightly covered, prior and immediately 
after the samples are being introduced. 
After all the pint samples have been 
added, the contents of the container 
shall be thoroughly agitated, whereupon 
1 qt. of the mixture shall immediately be 
transferred to a clean quart can provided 
with a tightly fitting screw cap, which 
shall be immediately fastened in place. 
This sample shall be considered as repre- 
sentative of the shipment and shall be 
transmitted to the laboratory for exami- 
nation, bearing a suitable tag or other 
means of identification. 

(c) Creosote primer in large shipments 
shall be sampled in accordance with the 
Standard Methods of Sampling and 
Testing Creosote (A.S.T.M. Designa- 
tion : D 38) of the American Society for 
Testing Materials.? 

Methods of Testing 
4. The properties enumerated in these 


specifications shall be determined in 
accordance with the following methods 
of test of the American Society for 
Testing Materials: 

(a) Water. — Standard Method of Test 
for Water in Creosote (A.S.T.M. Desig- 
nation: D 370).® 

{h) Specific Gravity. — Standard 
Method of Test for Specific Gravity of 
Creosote (A.S.T.M. Designation 
D 368).® 

(c) Matter Insoluble in Benzol . — 
Standard Methods of Test for Insoluble 
Matter in Creosote (A.S.T.M. Designa- 
tion: D 367).® 

(d) Distillation. — Standard Method of 
Test for Distillation of Creosote (A.S. 
T.M. Designation: D 246).® 

(e) Coke Residue —StSLndsiTd Method 
of Test for Coke Residue of Creosote 
(A.S.T.M. Designation; D 168).® 

(/) Volume and Specific Gravity Cor- 
rection. — Standard Volume and Specific 
Gravity Correction Tables for Creosote 
and Coal Tar (A.S.T.M. Designation: 
D 347).® 

’ Appears in this publication, see Contents in Numeric 
Sequence of A-S.T.M. Designations at front of book. 



Standard Method of Test for 

STEAM DISTILLATION OF BITUMINOUS PROTECTIVE 
COATINGS! 


A.S.T.M. Designation: D 255 - 28 
Adopted, 1928.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 255; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This is a general method for the 
separation and recovery of the solvent 
and the base in bituminous mixtures. 
The bituminous mixture is distilled in a 
current of steam, the solvent condensed 
and separated from the water. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a.) Steam Generator . — A steam gen- 
erator made of either metal or glass, 
with a capacity of from 2 to 4 liters, 
suitable for continued use in the pro- 
duction of steam. If of glass, it shall be 
fitted with two outlets with suitable 
connections for rubber tubing. In the 
case of a metal generator, a large opening 
for filling and a water gage shall be 
additional parts of the apparatus. The 
generator shall be supplied with suitable 
pinch cocks or valves so that steam may 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-8 on Bituminous Waterproofing and Roofing 
Materials. 

^ Prior to adoption as standard, this method was 
published as tentative from 1926 to 1928. Editorially re- 
vised and rearranged in 1939. 


be blown off to the atmosphere until the 
test is ready. 

(b) Bath. — A. bath made of metal 
and having sufficient capacity to permit 
immersion of the distilling flask to a 
depth of not less than 10 cm. 

(c) Source of Heat . — A gas burner, 
electric hot plate, or equivalent source of 
heat for the bath. 

(d) Distilling Flask . — A 100-ml. dis- 
tilling flask with a short ring neck and 
round-bottom. It shall be fitted with a 
three-hole rubber stopper, a steam deliv- 
ery tube which will reach to within 
I in. (12.7 mm.) of the bottom of the 
flask and project from the top to a 
convenient distance for connection to 
the generator, a vapor outlet tube which 
extends from beneath the rubber stopper 
to a point sufficiently above the dis- 
tilling flask to permit convenient con- 
nection to the condenser, and a 
thermometer. The steam tubing should 
be not less than 2 nor more than 4 mm. 
in internal diameter and the vapor 
outlet tube should be not less than 5 
mm. in internal diameter. 
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(<;) Condenser . — A condenser made of 
No. 20 Stu])bs gage seamless brass 
iubitig in. (14.29 mm.) in outside 
cliameler and 22 in. (55.88 cm.) in length. 
It shall be set at an angle of 75 deg. 
from the })erpendicu!ar and be sur- 
rounded with a cooling bath 15 in. 
(.18.1 cm.) in length, a])proximately 4 
in. (10.16 cm.) in width by 6 in. (15.24 
cm.) in height. The lower end of the 
condenser tube shall be cut off at an 
acute angle, and curved downward for a 
length of 3 in. (7.62 cm.) and slightly 
backward so as to insure contact with 
the Avail of the graduate at a point 1 to 


of the American Society for Testing 
Materials.^ 

(k) Accessories . — ^Accessories consist- 
ing of suitable ring stands for supporting 
the steam generator, distilling flask, 
bath for distilling flask, and separatory 
funnel. 

Procedure 

3, The apparatus shall be assembled 
as shown in Fig. 1 . The steam generator 
shall be filled with water and heat 
applied. The bath shall be filled with a 
high-flasli-point oil and raised to ap- 
proximately 140 C. (284 F.). A 500-ml. 



1-4' in. (2.54 to 3.18 cm.) below the top 
of the graduate Avhen it is in position to 
receive the distillate. 

(f) Separatory Funnel .— separatory 
funnel as slioAvn in Fig. 1, having a 
capacity of not less than 500 ml. 

(g) Thcrmometcr.—An A.S.T.M. Low 
Distillation Thermometer, total immer- 
sion, graduated in either Centigrade or 
Fahrenheit degrees as specified, having a 
range of 0 to 300 C. or .30 to 580 F. and 
conforming to the requirements for this 
thermometer as prescribed in the Stand- 
ard S})ecifi cations for A.S.T.M. Ther- 
mometers (A.S.T.M. Designation; E 1) 


sample shall be weighed into the round- 
bottom flask. The steam generator 
shall be connected to the steam delivery 
tube, the end of w’^hich shall be within 
i in. of the bottom of the distilling flask. 
The outlet from the distilling flask shall 
be connected to the condenser and the 
separatory funnel placed in position at 
the outlet of the condenser to receive 
the distillate. The end of the bulb of 
the thermometer in the steam distilling 
flask shall be placed within ^ in. (12.7 
mm.) of ' the bottom of the distilling 
flask, W hen the temperature of the 

» Appears in this publication, see Contents in Numeric 
Sequence of A,S.T,M. Designations at front of book. 
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sample in the distilling flask reaches 
130 C. the outlet of the steam generator 
shall be closed, thus forcing the steam 
to pass through the sample. The flow 
of steam shall be adjusted so that the 
distillate is collected at the rate of 
approximately 6 to 10 ml. per min. The 
distillation shall be stopped when 100 
ml. of the distillate contains not more 
than 0.5 ml. of solvent as determined 
by measuring the amount of oil in 100 
ml. of distillate. When the distillation 
is finished, the water shall be separated 
from the distillate and the distillate 


measured and retained for further tests 
if required by the specifications. In 
some cases, the distillate does not sepa- 
rate readily from the water; this separa- 
tion can be facilitated by the addition 
of sodium chloride which will result in a 
sufficient difference in gravity to pro- 
duce a clear separation of the two layers. 

Report 

4. The results shall be reported as a 
percentage by weight or by volume as 
required by the specifications, based 
on the weight of the sample taken. 



Standard Methods of 

TESTING FILMS DEPOSITED FROM BITUMINOUS 
EMULSIONS! 


9 

A.S.T.M. Designation: D 466 - 42 
Adopted, 1942A 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 466; the final number indicates the year of original 


adoption as standard or, in the case 

Resistance to Flow Under Heat 
(Slide Test) 

Scope 

1. The slide test is applicable to bitu- 
minous emulsions or reinforced emul- 
sions intended to be applied at the rate 
of not less than 3 gal. per 100 sq. ft. and 
on substantially vertical surfaces. 

Apparatus 

2. The apparatus shall consist of the 
following: 

ia) Brass Mask . — A brass mask ap- 
pro.ximately ^ in. in thickness with a 
rectangular opening 4 by 4 in. 

(b) Tiles . — Unglazed ceramic tiles® 
white, nonvitreous, dust pressed body 
with an absorption range of 15 to 18 
per cent (determined in accordance with 
the Standard Methods of Sampling and 
Testing Structural Clay Tile (A.S.T.M, 
Designation; C 112) of the American 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M, 
Committee D-8 on Bituminous Waterproofing and Roofing 
Materials. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1937 to 1912, being revised in 
1938 and 1942, 

3 Suitable unglazed tile can be obtained from the 
Robertson Art Tile Co., Morrisville, Pa., and froin Glad- 
ding-McEean and Co., Los Angeles, Calif. 


of revision, the year ox last revision. 

Society for Testing Materials^) approxi- 
mately 6 by 6 in. by | to I in. in thickness, 
or of sufficient size to accommodate the 
opening of the mask. 

Procedure 

3. (a) Preparation of Tile . — The tile 
shall be immersed in distilled water for 
at least 10 min. and the excess water re- 
moved immediately before application 
of the emulsion. 

(6) Preparation of Film . — The sample 
of emulsion shall be thoroughly stirred. 
The brass mask shall then be applied to 
the smooth face of the tile and the emul- 
sion spread over the area of the tile 
within the mask opening. The excess 
emulsion shall be doctored off with a 
flat scraper so that the film after drying 
shall be not less than 0.04 in. (1 mm.) 
in thickness. 

(d) Drying . — The coated tile shall 
then be dried to constant weight in an 
atmosphere of low relative humidity at 
room temperature and weighed every 24 
hr. A film shall be considered dry when 
the loss in two successive 24-hr. weigh- 
ings is not greater than 0,1 g. 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Note.— D rying may be hastened by placing 
the specimen in a current of air from an electric 
fan. 

(d) Testing . — After drying and re- 
moving the brass mask, the coated tile 
shall be suspended vertically in the cen- 
ter of an air oven maintained at 176 ± 5 
F. (80 rt 3 C.). The internal dimensions 
of the oven shall be not less than 12 by 
12 by 12 in. An electrically heated oven 
is recommended. A thermometer shall 
be inserted in the oven to such depth 
that its bulb will be in line with the 
center of the specimen. The tile shall 
be maintained at the prescribed tem- 
perature for exactly 2 hr. Any sliding 
shall be determined by a reference line 
placed originally on the tile, coincident 
with the lower edge of the dried film. 

Resistance to Water Action 
Scope 

4. The purpose of this test is to de- 
termine the ability of the dried film to 


retain its adhesion and to resist re- 
emulsification after immersion in water. 

Procedure 

5. {a) Preparation of Film . — The film 
to be tested shall be prepared as de- 
scribed in Sections 2 and 3. 

(6) Testing.— KitQX drying, a ring ap- 
proximately 2 in. in diameter and 1 in. 
in height shall be pressed into the sur- 
face of the coated tile. The ring shall 
be filled with tap water and the test 
specimen maintained at room tempera- 
ture between 70 to 90 F. (21 to 32 C.). 
After 24 hr. the character of the bitu- 
minous film shall be noted by cutting 
and attempting to lift a portion of the 
submerged film with a knife or teasing 
needle. Adhesion or bond shall be de- 
termined by making intersecting cuts 
with the knife or needle and lifting the 
cut film at the point of intersection. 
Re-emulsification is indicated if thewater 
becomes darkened by rubbing the sub- 
merged surface of the uncut film lightly 
with a rubber policeman. 


STANDARD VOLUME CORRECTION TABLE 
FOR TAR AND COAL-TAR PITCH^ 



A.S.T.M. Designation; D 633 - 44 

Adopted, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 633; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


This table has been prepared by the 
National Bureau of Standards to meet 
a demand from the tar industry for a 
short and convenient table for reducing 
volumes of road tar and coal-tar pitch 
to the basis of 60 F., when extreme ac- 
curacy is not required. The table 
shows the volume occupied at 60 F. 
by a quantity of material occupying 
unit volume at the indicated tempera- 
ture. 

The groups and coefficients of expan- 
sion for the several subdivisions of the 
present table are as follows: 


Coefficient of 
Group Expansion, per 
Number Deg. Fahr. at 
60 F. 


Material 


Coal-Tar Fitch for Roofing, 
Dampproofing, and Water- 
proofing® 

Coal-Tar Pitch for Stone Block 
Filler’’ 

■Tar,” Grades RT-5, RT-6, RT-7, 
RT-8, RT-9, RT-10, RT-11, 
RT- 12 , RT,C.B.-S, and RT.c! 
B.-6 


0.0003S.. 


, “ Standard Specifications for Coal-Tar Pitch for Roof- 
ing, Dampproofing, and Waterproofing (A.S.T.M. Designa- 
tion: D 450) of the American Societ.v for Testing 

Materials.* 

“ Standard Specifications for Coal-Tar Pitch for Stone 
Block Filler (A.S.T.M. Designation; D 112) of the 
American Society for Testing Materials.* 

'’Tentative Specifications for Tar (A.S.T.M. Designa- 
tion; D490) of the American Society for Testing 

Materials.* 


1 Under the standardization procedure of the Society, 
this standard is under the joint jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials 
and Committee D-8 on Bituminous Waterproofing and 
Roofing Materials. 

* Prior to adoption as standard, this table was published 
as tentative from 1911 to 194-1. 

* Appear-s in this publication, see Contents in Numeric 
Sequence of xV.S.T.M. Designations at front of book. 


Note: Example . — The values given in the 
table are in the form of multipliers; that is, the 
volume at the indicated temperature for each 
group, multiplied by the corresponding factor 
in the table, equals the volume at 60 F. For 
example, if the volume at 238 F. of coal-tar 
roofing pitch (Group 000) equals 7900 gal, then 
the volume at 60 F. equals 7900 X 0 9558 or 
7551 gal. 
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VOLUME CORRECTION TABLE FOR TAR AND COAL-TAR PITCH, 


Group 000 

Legend: t = observed temperature in, degrees Fahrenheit; M = multiplier for reducing volumes to the basis of 60 F. 
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Volume Correction Table for Goal-Tar Pitch (D 633 44) 


VOLUME CORRECTION TABLE FOR TAR AND COAL-TAR PITCH. 

Group 00 


Legend: t = observed temperature in degrees Fahrenheit; M = multiplier for reducing volumes to the basis of 60 F. 
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volume correction table for tar and coal-tar pitch. 

Group 0 


Legend; t = observed temperature in degrees Fahrenheit; M = multiplier for reducing volumes to the basis of 60 F. 





Standard Specifications for 
ASPHALT MASTIC FOR USE IN WATERPROOFING^ 

ASPHALT CEMENT, MINERAL FILLER, MINERAL AGGREGATE 



A.S.T.M. Designation: D491 -41 
Adopted, 1941.* 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 491; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, (o) These specifications cover ma- 
terials for asphalt mastic suitable for 
use in waterproofing, consisting of as- 
phalt cement, mineral filler, and mineral 
aggregate. 

(&) The asphalt mastic covered by 
these specifications is suitable for water- 
proofing the floors of buildings and 
bridges, for reservoirs, waterways, sub- 
ways, and similar structures. It is not 
intended for use as a pavement for 
either foot or vehicular traf&c. 

Character of Mastic 

2. (a) The asphalt mastic shall con- 
sist of a mixture of asphalt cement, 
mineral filler, and mineral aggregate 
which, at a temperature of approx- 
imately 400 F. (205 C.), shall be suffi- 


1 Under the staadardization procedure of the Society, 
these specifications are under the jurisdiction of die 
A.S.T.M. Committee D-8 on Bituminous Waterproofing 
and Roofing Materials. 

» Prior to adoption as standard, these specifications 


were published as tentative from 1938 to 1941, being re- 
vised in 1939. 

These specifications comprise a consolidation of and 
replace the former Standard Specifications for Asphalt 
Mastic for Use in Waterproofing (DT69 - 25), Acid- 
ResisUng Asphalt Mastic (D 223 - 30), and Tentative 
Specifications for AsphaltMastic for Use in Waterproofing 


ciently plastic to be poured into place 
and compressed with a wooden trowel 
or by other suitable means into a com- 
pact, watertight sheet of the thickness 
desired. 

(6) The raw materials for the asphalt 
mastic are expected to be mixed on the 
site of the work, in either suitable 
mechanically operated heaters and mix- 
ers, or by manual stirring in open pans 
or kettles; or the asphalt cement and 
mineral matter may be mixed elsewhere 
and brought to the site of the work in 
the form of cakes (weighing approx- 
imately 75 lb. each) and there combined 
by the method described for raw mate- 
rials with, mineral aggregate and asphalt 
cement as may be necessary to comply 
with the requirements of Section 4. 
The mixture so prepared shall be ap- 
plied to the work, or preformed for 
application to the work, while it is 
sufficiently hot to be manipulated with 
hand tools or by other equivalent means. 
Properties of Asphalt Cement 

3. The asphalt cement used in the 
asphalt mastic shall conform to the 
following requirements: 


670 



Specii'ications FOR Asphalt Mastic (D 491-41) 


671 


^ I ■■ Min- 
( '> imum 

Softening point (ring-and- 

ball method) 130 F, (S4 C.) 

Penetration at 77 F. (25 C.), 

100 g., 5 sec 20 

Ductility at 77 F. (25 C.) , 

(5 cm. per min.), cm. . . 15 

Loss on heating at 325 F. 

(163 C., 50 g., 5 hr., per 


Penetration of residue at 
77 F. (25 C.), per cent 

of original 60 

Solubility in carbon disul- 
fide: . , , 

Filled or native asphalt 

cement, per cent 60 

Unfilled asphalt cement, 

per cent 99 

Bitumen soluble in carbon 

tetrachloride, per cent 99 

Ash: , , 

Filled or native asphalt 

cement, per cent 7.5 

Unfilled asphalt cement, 
percent 


Max- 


150 F. (65 C.) 
40 


2 


35 


Properties of Asphalt Mastic 
4. (a) The asphalt mastic shall con- 
form to the following requirements by 
weight (or as prescribed by the pur- 
chaser within these limitations) as deter- 
mined by laboratory analysis: 


Bituminous matter soluble in pure ben- 
zol, per cent 

Mineral filler insoluble in benzol, passing 
a No. 200 (74-micron) sieve, per cent 
Mineral aggregate : 

Passing a No. 40 (420-micron) and re- 
tained on a No. 200 (V4-micron) sieve, 


Passing a No. 10 (2000-micron) and re- 
tained on a No. 40 (420-micron) sieve, 


Passing a No. 4 (4766-micron) and re- 
tained on a No. 10 (2000-micron) 

sieve, per cent 

Passing a J-in. and retained on a No. 4 
(4760-micron) sieve, per cent 


Mini- Maxi- 
mum mum 

10 12 
10 25 

10 30 

10 35 

5 25 

5 25 


(&) The portion of asphalt mastic 
which is soluble in pure benzol, after 
extraction and recovery, shall conform 
to the following requirements: 


Softening point (ring-and- 

ball method) 

Penetration at 77 F. (25 

C.), 100 g., 5 sec 

Ductility at 77 F. (25 C.) 
(5 cm. per min.), cm . . 


Minimum 
122 F. (50 C.) 
15 
15 


Maximum 
158 F. (70 C.) 
40 


(c) That portion of asphalt mastic, 
when designated as acid resisting, which 
is insoluble in benzol shall conform to 
the following requirement: 

Matter soluble in diluted HCl. . . .not more than 5 per cent 


Methods of Testing 

5. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of test of the American Society for 
Testing Materials: 

(a) Asphalt Mastic . — Standard Meth- 
ods of Testing Bituminous Mastics, 
Grouts, and Like Mixtures (A.S.T.M. 
Designation: D 147).® 

{b) Softening Paint . — Standard 
Method of Test for Softening Point of 
Bituminous Materials (Ring-and-Ball 
Method) (A.S.T.M. Designation: D 36).® 

(c) Penetration . — Standard Method 
of Test for Penetration of Bituminous 
Materials (A.S.T.M. Designation: D 5).® 

(d) Ductility . — Standard Method of 
Test for Ductility of Bituminous Mate- 
rials (A.S.T.M. Designation: D 113).® 

{e) Loss on Heating , — Tentative 
Method of Test for Loss on Heating of 
Oil and Asphaltic Compounds (A.S.T.M. 
Designation: D 6).® 

(/) Sieve Analysis . — Standard Method 
of Test for Sieve Analysis of Fine and 
Coarse Aggregates (A.S.T.M. Desig- 
nation: C 136).® 

(g) Recovery and Preparation of Mat- 
ter Soluble in Benzol . — Until an A.S.T.M. 
method is available, recovery and prep- 
aration for test of the bituminous matter 
soluble in pure benzol shall be made 
according to the “Method and Ap- 
paratus for the Recovery of Asphalt,” 
as described in the paper by Gene 
Abson."^ 


* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 

i Proceedings, Am. Soc. Testing Mats., Vol. 33, Part 11, 
p. 704 (1933). 


Standard Specifications, for 

BITUMINOUS GROUT FOR USE IN WATERPROOFING ABOVE 
GROUND LEVELi 


• 

A*S.T.M. Designation; D 170 - 41 
Adopted, 1941.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 170; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (o) These specifications cover the 
materials for bituminous grout suitable 
for use in waterproofing above ground 
level, either as a protective covering of 
membrane systems of waterproofing, 
or for bedding brick or filling the joints 
or flooding the surface of a brick pro- 
tective covering. 

(5) The grade of bituminous grout 
covered by these specifications is suitable 
for waterproofing railroad bridges, cul- 
verts, subways, etc. 

Properties 

2. The bituminous grout shall consist 
of a mixture of substantially 45 parts 
by weight of bituminous binder and 55 
parts by weight of mineral aggregate as 
coarse as sand, which mixture becomes 
sufficiently fluid when heated to approxi- 
mately 205 C. (400 F.), to flow without 

I Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-S on Bituminous Waterproofing 
and Roofing Materials. 

* Prior to their present adoption as standard, these 
specifications were published as tentative from 1923 to 
192S, being revised in 1924. They were adopted in 192S, 
published as standard from 192S to 1939, but withdrawn 
and republished as tentative from 1939 to 1941. 


mechanical manipulation, and which 
on cooling congeals to a compact mass. 

Bituminous Binder 

3. The bituminous binder shall con- 
sist of either asphalt or coal-tar pitch 
as follows; 

(а) Asphalt . — The asphalt shall con- 
form to the requirements for type B 
asphalt as prescribed in the Tentative 
Specifications for Asphalt for Damp- 
proofing and Waterproofing (A.S.T.M. 
Designation: D 449) of the American 
Society for Testing Materials.® 

(б) Coal-Tar Pitch . — The coal-tar 
pitch shall conform to the requirements 
for t3q)e A pitch as prescribed in the 
Standard Specifications for Coal-Tar 
Pitch for Roofing, Dampproofing, and 
Waterproofing (A.S.T.M. Designation: 
D 450) of the American Society for 
Testing Materials.® 

Mineral Aggregate 

4. The mineral aggregate shall con- 

® Appears ia this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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sist of siliceous sand all of which passes 
a No. 20 (840-micron) sieve, and not 
more than 5 per cent of which passes 
a No. 200 (74-micron) sieve. 

Methods of Testing 
5. The properties enumerated in Sec- 


tions 2 and 4 shall be determined in 
accordance with the Standard Methods 
of Testing Bituminous Mastics, Grouts, 
and Like Mixtures (A.S.T.M. Designa- 
tion: D 147) of the American Society 
for Testing Materials.® 



Standard Specifications for 

BITUMINOUS GROUT FOR USE IN WATERPROOFING 
BELOW GROUND LEVELS 



A.S.T.M. Designation: D 171 -41 
Adopted, 1941.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 171; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (o) These specifications cover the 
materials for bituminous grout suitable 
for use in waterproofing below ground 
level, either as a protective covering of 
membrane systems of waterproofing, 
or for bedding brick or filling the joints 
or flooding the surface of a brick pro- 
tective covering. 

(b) The grade of bituminous grout 
covered by these specifications is suit- 
able for waterproofing tunnels, sub- 
ways, etc. 

Properties 

2. The bituminous grout shall consist 
of a mixture of substantially 45 parts by 
weight of bituminous binder and 55 
parts by weight of mineral aggregate as 
coarse as sand, which mixture becomes 
sufl&ciently fluid when heated to ap- 
proximately 149 C, (300 F.), to flow 

> Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M, Committee D-8 on Bituminous Waterproofing 
and Roofing Materials. 

* Prior to their present adoption as standard, these 
specifications were published as tentative from 1923 to 
1925, being revised in 1924. They were adopted in 1925, 
published as standard from 1925 to 1939, but withdrawn 
and republished as tentative from 1939 to 1941. 


without mechanical manipulation, and 
which on cooling congeals to a compact 
mass. 

Bituminous Binder 

3. The bituminous binder shall con- 
sist of either asphalt or coal-tar pitch 
as follows: 

(a) Asphalt . — The asphalt shall con- 
form to the requirements for type A 
asphalt as prescribed in the Tentative 
Specifications for Asphalt for Damp- 
proofing and Waterproofing (A.S.T.M. 
Designation: D 449) of the American 
Society for Testing Materials.® 

{b) Coal-Tar Pitch . — The coal-tar 
pitch shall conform to the requirements 
for type B pitch as prescribed in the 
Standard Specifications for Coal-Tar 
Pitch for Roofing, Dampproofing, and 
Waterproofing (A.S.T.M. Designation: 
D 450) of the American Society for 
Testing Materials.® 

Mineral Aggregate 

4. The mineral aggregate shall con- 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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sist of siliceous sand all of which passes 
a No. 20 (840-micron) sieve, and not 
more than 5 per cent of which passes 
a No. 200 (74-micron) sieve. 

Methods of Testing 
5. The properties enumerated in Sec- 


tions 2 and 4 shall be determined in 
accordance with the Standard Methods 
of Testing Bituminous Mastics, Grouts, 
and Like Mixtures (A.S.T.M. Designa- 
tion: D 147) of the American Society 
for Testing Materials.® 



Standard Specifications for 

ASPHALT-SATURATED ROOFING FELT FOR USE IN 
WATERPROOFING AND IN CONSTRUCTING 
BUILT-UP ROOFS* 



A.S.T.M. Designation: D 226 - 44 
Adopted, 1942; Revised, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 226; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover asphalt- 
saturated felts, either 36 or 32 in. in 
width, composed of roofing felt satu- 
rated, but not coated, with asphalt for 
use in the membrane system of water- 
proofing and in the construction of 
built-up roofs. 

Types 

2. Asphalt-saturated felts covered by 
these specifications are of two types: 
namely, 

15-lb. type 
30-lb. type 

Mopping Materials 

3. (a) For the construction of built-up 
roofs, mopping asphalts conforming to 


I Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-8 on Bituminous Waterproofing 
and Roofing Materials. 

s prior to their present adoption as standard, these 
specifications were published as tentative from 192S to 1927, 
being revised in 1926 and 1927. They were adopted in 
1927, published as standard from 1927 to 1938, but with- 
drawn, revised, and republished as tentative in 1938, 
being revised in 1941 and 1942. 


the Standard Specifications for Asphalt 
for Use in Constructing Built-Up Roof 
Coverings (A.S.T.M. Designation; 
D 312)® shall be used. 

(5) For the construction of a mem- 
brane system of waterproofing, types A, 
B, or C mopping asphalt conforming to 
the Tentative Specifications for Asphalt 
for Dampproofing and Waterproofing 
(A.S.T.M. Designation: D 449)® shall be 
used depending upon service conditions 
as described in Section 4 of Specifications 
D449. 

Manufacture 

4. In the process of manufacture, a 
single thickness of dry roofing felt shall 
be saturated with an asphaltic satu- 
rant. 

Character of Felt 

5. The felt shall be a roofing felt pro- 
duced by “felting” vegetable or animal 
fibers or mixtures thereof. The surface 
of the felt shall be uniformly smooth. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Upon splitting or tearing on the bias, 
the felt shall appear reasonably free from 
lumps of underbeaten stock (that is, 
stock that has not been beaten or 
shredded into fiber in the process of 
manufacture) and particles of foreign 
substances (that is, fragments of stone, 
metal, leather, rubber, etc.). 

Character of Saturant 

6. The bitumen of the saturant shall 
be composed of asphaltic materials. 

Character of Saturated Felt 

7. The felt shall be thoroughly and 
uniformly saturated, and shall show no 
unsaturated spots at any point upon 
cutting 2-in. strips at random across 
the entire sheet and splitting them open 
for their full length. 


Surface Finish 

8. The surface of the felt shall not be 
coated or covered with talc or other 
substance that would tend to interfere 
with the adhesion between the felt and 
the plying cement. 


Physical Properties 

9. The fabricated product shall con- 
form to the following requirements: 


Width of roll 

Area of roll, min., sq. ft 

Minimum weight of saturated 
felt per 100 sq. ft. (exclu- 
sive of wrapping and pack- 
ing material), lb 

Loss on heating at 105 C. 
(221 F.) for 5 hr., max., per 


Pliability ’at' 77 ' F.' ‘ (2S' ' C.)‘: 
The 10 strips tested shall 
not crack when bent 90 
deg. at a uniform speed over 

a rounded corner of 

Average breaking strength 
at 77 F. (25 C.): 

With fiber grain, min., lb. 
Across fiber grain, min., lb. 
Saturant in moisture-free felt, 



15-lb. 30-lb. 

Type Type 

either 36 or 32 in. as may 
be specified, in. 
432 216 


14 28 


4 


in. rad. % in. rad. 


30 40 

15 20 


140 ISO 


Desaturated Felt 


10. The desaturated moisture-free felt 
shall conform to the following require- 
ments: 



15-lb. 

30-lb. 

Weight per 100 sq. ft., min., 

Type 

Type 

Ib 

5.2 

10.0 

Ash, max., per cent 

10 

10 

Freedom from Defects 




11. The finished material shall be free 
of visible external defects, such as 
holes, ragged or untrue edges, breaks, 
cracks, tears, protuberances, and in- 
dentations. 

Pliability and Stickiness 

12. The rolls shall not crack nor be so 
sticky as to cause tearing or material 
damage upon being unrolleti at at- 
mospheric temperatures above 50 F. 
(IOC.). 

Packing 

13. The rolls of saturated felt need 
not be wound on cores, but they shall 
be securely wrapped in a substantial 
grade of paper of the same width as the 
fabric. The wrapper shall completely 
encircle the roll and shall be pasted at 
the overlap in a manner that will 
prevent it shifting from position. The 
ends of the roil need not be covered. 
As an alternative, the rolls of saturated 
felt may either be tied with strings or 
simply pasted at the ends, as may be 
agreed upon by the purchaser and the 
seller. No roll shall contain more than 
two pieces, and there shall not be more 
than 3 per cent of rolls containing two 
pieces in any shipment. 

Marking 

14. Each roil shall be plainly marked 
with the manufacturer’s name and 
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brand or as agreed upon by the pur- 
chaser and the seller, and shall bear a 
notation showing the t 3 rpe of saturant. 

Sampling and Testing 

15. The material shall be sampled 
and the properties enumerated in these 
specifications shall be determined in 
accordance with the Tentative Methods 
of Testing Felted and Woven Fabrics 
Saturated with Bituminous Substances 
for Use in Waterproofing and Roofing 
(A.S.T.M. Designation: D 146).® 


Inspection 

16. Inspection of material shall be 
made as mutually agreed upon by the 
purchaser and the seller as part of the 
purchase contract. 

Basis of Rejection 

17. Failure to conform to any one of 

the requirements prescribed in these 
specifications shall constitute grounds 
for rejection. In case of rejection, the 
seller shall have the right to reinspect 
the rejected shipment and resubmit the 
lot after removal of those packages not 
conforming to the specified require- 
ments. • 


Standard Specijications for 

COAL-TAR SATURATED ROOFING FELT FOR USE IN 
WATERPROOFING AND IN CONSTRUCTING 
BUILT-UP ROOFS^ 


A.S.T.M. Designation: D 227 - 44 
Adopted, 1927; Revised, 1941, 1942, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 227 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover coal-tar 
saturated felt, either 36 or 32 in. in 
width, composed of roofing felt satu- 
rated, but not coated, with refined coal 
tar, for use in the membrane system of 
waterproofing and in the construction of 
built-up roofs. 

Mopping Materials 

2. (A For the construction of built-up 
roofs on inclines not exceeding 3 in. per 
ft. where nailing is employed and not 
exceeding 1 in. per ft. where nailing is 
omitted, type A coal-tar pitch conform- 
ing to the Standard Specifications for 
Coal-Tar Pitch for Roofing, Dampproof- 
ing, and Waterproofing (A.S.T.M. Desig- 
nation: D 450)^ shall be used. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-8 on Bituminous Waterproofing 
and Roofing Materials. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1925 to 1927, being re- 
vised m 1926 and 1927. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


(A For tlie construction of steep built- 
up roofs with inclines of 1 to 6 in. per 
horizontal foot where nailing is employed, 
the Tentative Specifications for Coal-Tar 
Pitch for Steep Built-Up Roofs (A.S. 
T.M. Designation: D 654)® may be used. 

(c) For the construction of a mem- 
brane system of waterproofing, types A 
or B coal-tar pitch conforming to the 
Standard Specifications for Coal-Tar 
Pitch for Roofing, Dampproofing, and 
Waterproofing (A.S.T.M. Designation: 
D 450)® shall be used depending upon the 
conditions of service as described in 
Section 4 of Specifications D 450. 

Manufacture 

3. In the process of manufacture, a 
single thickness of dry roofing felt shall 
be saturated with a coal-tar saturant. 

Character of Felt 

4. The felt shall be a roofing felt pro- 
duced by “felting’' vegetable and animal 
fibers or mixtures thereof. The surface 
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of the felt shall be uniformly smooth. 
Upon splitting or tearing on the bias, 
the felt shall appear reasonably free 
from lumps of underbeaten stock (that 
is, stock that has not been beaten or 
shredded into fiber in the process of 
manufacture) and particles of foreign 
substances (that is, fragments of stone, 
metal, leather, rubber, etc.). 

Character of Saturant 
5, The saturant shall be composed of 
coal tar from which the highly volatile 
constituents have been removed. 


Desaturated Felt 

9. The desaturated moisture-free felt 
shall conform to the following requii’e- 


ments: 

Weight per 100 sq. ft., min,, lb S .2 

Ash, max., per cent 10 


Freedom from Defects 

10. The finished material shall be free 
of visible external defects, such as 
holes, ragged or untrue edges, breaks, 
cracks, tears, protuberances, and in- 
dentations. 


Character of Saturated Felt 
6. The felt shall be thoroughly and 
uniformly saturated and shall show no 
unsaturated spots at any point upon cut- 
ting 2-in. strips at random across the 
entire sheet and splitting them open for 
their full length. 


Pliability and Stickiness 

11. The rolls shall not crack, nor be 
so sticky as to cause tearing or material 
damage upon being unrolled at atmos- 
pheric temperatures above 50 F. (10 C.). 

Packing 


Surface Finish 

7. The surface of the felt shall not be 
coated or covered with talc or other sub- 
stance that would tend to interfere 
with the adhesion between the felt and 
the plying cement. 

Physical Properties 

8. The fabricated product shall con- 
form to the following requirements: 

Width of roll either 3d or 32 in., 

as may be speci- 
fied, ± M in. 

Area of roll. 432 sq. ft., min. 

Weight of material per 100 sq. ft. ex- 
clusive of packing and wrapping 14 !b., min. 

Moisture. 2.5 per cent of the 

net weight, max. 

Average breaking strength at 77 F. 

(2SC.): 

With fiber grain 30 Ib., min,“ 

Across fiber grain 15 ib., min.“ 

Pliability at 77 F. (25 C.) .the 10 strips tested 

shall not crack when bent 
90 dieg. 6,t a uniform speed 
over a rounded corner of H-in. 
radius 

Saturant in moisture-free felt. 140 per cent by 

■ weight, min. 

® If samples fail to conform to the requirements 
for breaking strength immediately after sampling, a retest 
shall be made upon test specimens which have been sus- 
pended in free air at laboratory temperature for 72 hr. 
Material shall be accepted or rejected upon the basis of 
this retest. 


12. The rolls of saturated felt need not 
be wound on cores, but they shall be 
securely wrapped in a substantial grade 
of paper of the same width as the fabric. 
The wrapper shall completely encircle 
the roll and shall be pasted at the over- 
lap in a manner that will prevent it 
shifting from position. The ends of the 
roll need not be covered. As an alter- 
native, the rolls of saturated felt may 
either be tied with strings or simply 
pasted at the ends, as may be agreed 
upon by the purchaser and the seller. 
No roll shall contain more than two 
pieces, and there shall not be more than 
3 per cent of rolls containing two pieces 
in any shipment. ' 

Marking 

13. Each roll shall be plainly marked 
with the manufacturer’s name and 
brand or as agreed by the purchaser 
and the seller, and shall bear a notation 
showing the type of saturant. 
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Sampling and Testing 

14. The material shall be sampled and 
the properties enumerated in these speci- 
fications shall be determined in accord- 
ance with the Tentative Methods of 
Testing Felted and Woven Fabrics 
Saturated with Bituminous Substances 
for Use in Waterproofing and Roofing 
(A.S.T.M. Designation: D 146).® 

Inspection 

15. Inspection of material shall be 
made as agreed upon by the purchaser 


and the seller as part of the purchase 
contract. 

Basis of Rejection 

16. Failure to conform to any one of 
the requirements prescribed in these 
specifications shall constitute grounds 
for rejection. In case of rejection, the 
seller shall have the right to reinspect 
the rejected shipment and resubmit the 
lot after removal of those packages not 
conforming to the specified require- 
ments. 



Standard Specifications for 
WOVEN COTTON FABRICS SATURATED WITH 
BITUMINOUS SUBSTANCES FOR USE IN 
WATERPROOFING' 



A.S.T.M. Designation: D 173 44 
ADOPX3ED, 1942; Revised, 1944.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 173; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover bitumi- 
nized cotton fabric, composed of woven 
cotton cloth waterproofed with either 
asphalt or coal-tar pitch, as specified by 
the purchaser, for use in the membrane 
system of waterproofing. 

Mopping Materials 

2. {fi) For the construction of a mem- 
brane system of waterproofing with cot- 
ton fabric saturated with asphalt, types 
A, B, or C asphalt conforming to the 
Tentative Specifications for Asphalt for 
Dampproofing and Waterproofing (A.S. 
T.M. Designation: D 449)® shall be used 
depending upon the conditions of service 
as described in Section 4 of Specifications 
D449. 


I Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of me 
A.S.T.M. Committee D-S on Bituminous Waterproofing 
and Roofing Materials. 

s Prior to their present adoption as standard these 
specifications were published as tentative from 1923 to 
192S, being revised in 1925. They were adopted in 1925, 
published as standard from 1925 to 1938, being revised in 
1927, but withdrawn, revised and republish^ as tentative 
in 1938, being revised in 1939 and 1940. 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


(5) For the construction of a mem- 
brane system of waterproofing with 
woven cotton fabric saturated with 
coal-tar, coal-tar pitch conforming to the 
Standard Specifications for Coal-Tar 
Pitch for Roofing, Dampproofing, and 
Waterproofing (A.S.T.M. Designation; 
D 450)® shall be used. 

Manufacture 

3. In the process of manufacture, the 
dry cotton fabric shall be thoroughly and 
uniformly waterproofed with either an 
asphaltic or coal-tar pitch saturant, at 
a temperature and speed that will not 
injure the fabric. This shall be accom- 
plished either by passing the fabric 
through the saturant or by spraying with 
saturant and then calendering it in the 
presence of heat, whereupon it shall be 
cooled and wound into rolls. 

Character of Saturated Fabric 

4. The meshes of the fabric shall not 
be completely closed or sealed by the 
process of saturation, but there shall be 
sufficient porosity maintained to allow 
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successive moppings of the plying cement 
to seep through. 

Surface Finish 

5. (<j) The surface of the fabric shall 
not be coated or covered with talc or 
other substance that would tend to 
interfere with the adhesion between the 
fabric and the plying cement. The use 
of silica or wood flour will be permitted. 

(5) The surface shall be uniformly 
smooth and free from irregularities, folds, 
or knots. 


Selvage 

8. If selvage is used, it shall meas- 
ure not more than | in. 

Freedom from Defects 

9. The finished material shall be free 
of visible external defects such as ragged 
or untrue edges, breaks, rents, or cracks. 

Pliability and Stickiness 

10. The roll shall be capable of being 
unrolled easily at atmospheric tempera- 
tmres above 50 F. (10 C.) without stick- 


TABLE I.-PHY SICAL REQUIREMENTS FOR SATURATED COTTON FABRICS FOR WATERPROOFING. 


Width of roll 

Gross weight per roll 

Weight of wrapping material and mandrel per roll ! ! . ! 

Average net weight per square yard ] . . . ’ 

Detached comminuted surfacing per 100 sq. ft 

Moisture content based on net weight 

Average strength at 70 F. (21.1 C.) measured lengthwise of the roll 

(that is, in the direction of the warp) 

Average strength at 70 F. (21.1 C.) measured crosswise of the roll 

(that is, in the direction of the filling) 

Average loss on heating (exclusive of moisture) of asphalt-saturated 

fabrics 

Saturant in fabricated material 


fabrics _ 4 per cent 

Saturant in fabricated material 1.6 times the weight of 

the moisture-free fab- 

ric in the same area I 

Pliability at 32 F. (0 C.) No cracking of the fabricated bituminized fabric 

shall take place on bending over a )^-in. man- 
drel through an arc of 180 deg. in one direction 
and then through 360 deg. over the same 
mandrel in the opposite direction 

“ The committee recognizes the advisability of including a requirement relative to the percentage elongation be- 
fore rupture, but in the absence of any reliable method of test, such requirement cannot be stated at the present time. 


Physical Properties 

6. The fabricated product shall con- 
form to the requirements prescribed 
in Table I. 

Desaturated Fabric 

7. The desaturated woven cotton 
fabric shall conform to the following 
requirements: 

Average dry weight per square yard. 


Ash (based on dry weight of fabric), 

max 2 per cent. 

Composition of fabric not less than 100 

per cent® of 
cotton fibers 

Thread count per inch: 

Warp 26 to 32 

Filling 24 to 32 

This shall not exclude the presence of the customary 
sizing materials in amounts not exceeding 8 per cent by 
weight of the moisture-free cotton. 


ing together in such a manner as to 
injure the fabric. 

Packing 

11, The rolls of treated cotton fabric 
shall be wound on mandrels or rigid 
hollow fiber cylinders not less than 2 in. 
in diameter or 2 in. square, extending not 
more than 4 in. beyond tlie ends of the 
rolls. They shall be securely tied or 
wrapped in a manner that will prevent 
unrolling in transit. 

Sampling and Testing 

12. The material shall be sampled and 
the properties enumerated in these 
specifications shall be determined in 
accordance with the Tentative Methods 
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of Testing Felted and Woven Fabrics 
Saturated with Bituminous Substances 
for Use in Waterproofing and Roofing 
(A.S.T.M. Designation: D 

Inspection 

13. Inspection of material shall be 
made as agreed upon by the purchaser 
and the seller as part of the purchase 
contract. 


Basis of Rejection 

14. Failure to conform to any one of 
the requirements prescribed in these 
specifications shall constitute grounds 
for rejection. In case of rejection, the 
seller shall have the right to reinspect 
the rejected shipment and resubmit the 
lot after removal of those packages not 
conforming to the specified requirements. 


Standard Specifications for 

WIDE SELVAGE ASPHALT ROOFING SURFACED WITH 
COARSE MINERAL GRANULES' 



A.S.T.M. Designation: D 371 - 44 

Adopted, 1944.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 371; the final number indicates the year of original 
adoption as standard dr, in the case of revision, the year of last revision. 


Scope 

1, These specifications cover asphalt 
roofing in sheet form, either 36 or 32 in. 
in width, composed of asphalt-saturated 
roofing felt coated on approximately one 
half of the width of the weather side with 
asphalt, and surfaced on the coated por- 
tion with mineral granules . This roofing 
is used as a cap sheet in the construction 
of built-up roofs. 

Manufacture 

2. In the process of manufacture, a 
single thickness of dry roofing felt shall 
be impregnated with a hot asphaltic 
saturant, then coated on the weather 
side for approximately one half the width 
of the sheet with an asphaltic coating 
(compounded with a fine mineral filler 
substantially insoluble in water), and 
surfaced by embedding mineral granules 
in the hot asphaltic coating. The 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-8 on Bituminous Waterproofing and 
Roofing Materials. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1933 to 1944, being re- 
vised in 1937, 1941, and 1944. 


coated and surfaced portion shall be 17 
in. in width on 36-in. roofing and 15 in. 
in width on 32-in. roofing. 

Character of Felt 

3. The felt shall be a roofing felt pro- 
duced by “felting’’ vegetable or animal 
fibers or mixtures thereof. The surface 
of the felt shall be uniformly smooth. 
Upon splitting or tearing on the bias, the 
felt shall appear reasonably free from 
lumps of underbeaten stock and parti- 
cles of foreign substances (that is, frag- 
ments of stone, metal, leather, rubber, 
etc.). 

Character of Saturant and Coatings 

4. The bitumen of the saturant and 
coatings shall be composed of asphaltic 
materials. 

Character of Saturated Felt 

5. The felt shall be thoroughly and 
uniformly saturated, and shall show no 
unsaturated spots at any point upon 
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cutting 2-in. strips at random across 
the entire sheet and splitting them open 
for their lull length. 

Surface Finish 

6. (a) The surface of the weather side 
shall be uniform in finish and texture. 
The mineral granules on the surfaced 
portion shall be uniformly distributed 
in a smooth layer and shall be firmly 
embedded in the asphalt coating. 


form to the requirements prescribed in 
Table I. 

Freedom from Defects 

8. The finished material shall be free 
of visible external defects, such as holes, 
ragged or untrue edges, breaks, cracks, 
tears, protuberances, and indentations. 

Pliability and Stickiness 

9. The finished product shall not crack 
nor be so sticky as to cause tearing or 


TABLE r.-PHYSICAL REQUIREMENTS FOR ASPHALT CAP SHEET. 


The roofing shall be put up in rolls and shall be either 36 
or 32 in. m width, as may be specified, within a permis- 
sible variation of dbJ4 in. 

The average area of the rolls e.’camined shall contain suffi- 
cient roofing to cover SO sq. ft. of roof surface; for 
roofing 32 in. in width, 107.3 sq ft. ± S per cent, and for 
roofing 36 in. in width, 106.8 sq ft. 5 per cent. 

At least 8 strips out of 10 from the granule-surfaced por- 
tion shall not crack when bent 90 deg. at a uniform 
speed over a rounded corner of %-in. radius. 

Not more than 1.5 per cent volatile matter loss. The 
granular surfacing shall not slide more than H in. when 
suspended vertically. 



4S-lb. 

Grade 

1 SS-l'b. Grade 


Max., lb. 

Min., lb. 

Max., lb. 

Min., lb. 

Weight per roll, net average 


42 


52 

Weight of dry felt per 108 sq. ft 


7.1 


10.8 

Weight of saturant (soluble in CSs) per 108 sq. ft." 

Weight of weather side mineral filled coating per 108 sq. 


10.0 


17.5 

ft.“ 

Weight of weather side mineral matter passing No. 6 (3360- 
micron) and retained on No. 100 (149-micron) sieve per 

33.0 

16.0 

35.0 

16.0 

108 sq. ft." 

Percentage by weight of mineral matter passing No. 100 
(149-micron) sieve on the basis of the sum of the bitumen 
in the coatings and the mineral matter passing No. 100 


20.0 


20.0 

(149-micronl sieve 

30.0 per cent 

15.0 per cent 
40.0 

50.0 pet cent! 

15.0 pet cent 

Weight of any 108 sq. ft. roll of roofing in shipment 

50.0 


“ Granule-surfaced portion. 

° The weight of saturant per 108 sq. ft. shall be not less than 1.4 times the weight of the dry felt on the 4S-lb. grade 
and 1 .6 times the weight of the dry felt on the 5S-lb. grade. 


Width 

Area 

Pliability at 77 F. (25 C.)“ 

Behavior on heating to 176 F. (80 C.) for 2 hr.“. 


(b) The line between the surfaced and 
unsurfaced portion shall be straight and 
shall run parallel longitudinally to the 
edge of the sheet. The surfaced portion 
shall be 17 db I in. on 36-in. roofing and 
15 i: I in. on 32-in. roofing- 

(c) The reverse side of the sheet may 
or may not be coated. If coated, it may 
be surfaced with a small amount of 
mineral matter to prevent sticking in 
the roll. 

Physical Properties 
7. The fabricated product shall eon- 


material damage upon being unrolled at 
atmospheric temperatures above 50 F. 

(IOC). 

Packing 

10. (a) Cap sheets shall be put up in 
roUs, containing sufiacient material to 
cover not less than 50 sq. ft. No roll 
shall contain more than two pieces nor 
shall there be more than 3 per cent of 
rolls containing two pieces in any ship- 
ment. The rolls shall be tightly wound, 
and shall be securely wrapped in a 
substantial grade of paper completely 
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encircling the roll and pasted at the 
overlap in such a manner as to prevent 
shifting from position. 

(b) Special packing shall be as agreed 
upon by the purchaser and the seller. 

Marking 

11. Each roll shall be plainly marked 
with the manufacturer’s name and 
brand. 

Sampling and Testing 

12. The material shall be sampled 
and the properties enumerated in these 
specifications shall be determined in ac- 
cordance with the Tentative Methods 
of Testing Asphalt Roll Roofing, Cap 
Sheets, and Shingles (A.S.T.M. Desig- 


nation: D 228) of the American Society 
of Testing Materials.® 

Inspection 

13. Inspection of material shall be 
made as agreed upon by the purchaser 
and the seller as part of the purchase 
contract. 

Basis of Rejection 

14. Failure to conform to any one of 
the requirements prescribed in these 
specifications shall constitute grounds 
for rejection. In case of rejection, the 
seller shall have the right to reinspect 
the rejected shipment and resubmit the 
lot after removal of those packages not 
conforming to the specified requirements, 

s Appears in this publication; see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 



Stafidard Specifications for 

ASPHALT SIDING SURFACED WITH COARSE 
MINERi\L GRANULES' 



A.S.T.M. Designation: D 699 - 44 
Adopted, 1944.“ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 699; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (o) These specifications cover as- 
phalt siding in strip or individual form 
surfaced with colored mineral granules, 
composed of roofing felt saturated and 
coated on both sides with asphalt 
and surfaced on the weather side with 
granulated slate or equivalent mineral 
material (of solid or mixed colors as may 
be agreed upon by the purchaser and 
the seller), and on the reverse side with 
a surfacing material. 

(6) Siding shingles supplied under 
these specifications are intended to be 
used with a “headlap” (Note) of not 
less than 1 in. 

Note. — The headlap is the shortest vertical 
distance between the top of cutout or bottom 
edge of a course of siding and the most proximate 
underlying area of sidewall not covered by pre- 
ceding courses of siding. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-8 on Bituminous Waterproofing 
and Roofing Materials. 

- Prior to adoption as standard, these specifications 
were published as tentative from 1942 to 1944, being re- 
vised in 1944. 


Manufacture 

2. In the process of manufacture, a 
single thickness of dry roofing felt shall 
be impregnated with a hot asphalti'c 
saturant, then coated on both sides with 
a hot asphaltic coating compounded with 
a fine mineral filler substantially insoluble 
in water, and finally surfaced on the 
weather side with mineral granules em- 
bedded in the hot asphaltic coating. 
The reverse side shall be covered with a 
suitable material to prevent sticking in 
the package. 

Character of Felt 

3. The surface of the felt shall be 
uniformly smooth. Upon splitting or 
tearing on the bias, the felt shall appear 
reasonably free from lumps of under- 
beaten stock and particles of foreign 
substances (that is, fragments of stone, 
metal, leather, rubber, etc.) 

Character of Saturant and Coatings 

4. The bitumen of the saturant and 
coatings shall be composed of asphaltic 
materials. 
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Character of Saturated Felt 

5. The felt shall be completely and 
uniformly saturated, and shall show no 
unsaturated spots at any point upon 
cutting 2-m. strips at random across the 
entire piece and splitting them open 
for their full length. 

Surface Finish 

6. (a) The surface of the weather side 
shall be uniform in finish and may be 
embossed to simulate a grained texture. 


ragged or untrue edges, rents, cracks, 
indentations, and lumps of coating. 

Stickiness 

9. The siding shall not stick together 
in the packages so as to cause damage 
upon being unpacked at atmospheric 
temperatures above 50 F. (10 C.). 

Packing 

10. The siding shall be packed in 
cardboard cartons or between wood or 


TABLE I.-PHYSICAL REQUIREMENTS OF ASPH^T SIDING. 


Shape 

Area 

Behavior on heating to 176 F. (80 C.) for 2 hr. 


The form and size of the shingles shall be as agreed upon 
between the purchaser and the seller. 

Sufficient material per “square” shall be furnished to 
adequately waterproof 100 sq. ft. of sidewall area. 

Not more than l.S per cent volatile matter loss. The 
granular surfacing shall not slide more than in. when 
suspended vertically. 


Regular Weight, lb. 


Weight, net average per 100 sq. ft.“ 

Weight of dry felt per 100 sq. ft. 

Weight of saturant per 100 sq. ft." 

Weight of weatherside mineral filled coating per 100 sq. ft 

Weight of mineral matter per 100 sq. ft. passing No. 6 (3360- 

micron) and retained on No. 100 (149-micron) sieve 

Percentage by weight of mineral matter passing No. 100 (149- 
micron) sieve on the basis of the sum of the bitumen in the 
coatings and the mineral matter passing No. 100 (149- 

micron) sieve 

Weight of siding per 100 sq. ft. (individual package) 


Mas. 


17. 5 
10 

18.5 


50 


IS 

72 


“Weight, net average per 100 sq. ft. 


net wt. of packages inspected 

|. ft. area per siding piece X no. of pieces ^ 


sq. ft. area per sidmg piece X no. of pieces 

“ The weight of saturant per 100 sq. ft. shall be not less than 1.75 times the weight of the dry felt. 


The mineral granules shall cover thC'^ardboard ends and tied securely so as 


entire surface and shall be firmly em- 
bedded in the asphalt coating. 

(5) The reverse side shall have a 
coating of asphalt and shall be surfaced 
with suitable material to prevent sticking. 

Physical Properties 

7. The fabricated product shall con- 
form to the requirements prescribed in 
Table I. 

Freedom from Defects 

8. The finished material shall be free 
of visible external defects, such as holes, 


to make a substantial package weighing 
not more than 135 lb., gross. 

Marking 

11. Each package shall be plainly 
marked with the name and brand of the 
manufacturer, as well as the style, t3q)e, 
and color of the finished product. Di- 
rection sheets for application shall be 
included in at least every fifth package. 

Sampling and Testing 

12. The material shall be sampled and 
the properties enumerated in these 
specifications shall be determined in ac- 
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cordance with the Tentative Methods of 
Testing Asphalt Roll Roofing, Cap Sheets, 
and Shingles (A.S.T.M. Designation: 
D 228) of the American Society for 
Testing Materials/"* 

Inspection 

13, Inspection of material shall be 
made as agreed upon by the purchaser 


* Appears in this publicationj see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


and the seller as part of the purchase 
contract. 

Basis of Rejection 

14. Failure to conform to any one of 
the requirements prescribed in these 
specifications shall constitute grounds 
for rejection. In case of rejection, the 
seller shall have the right to reinspect the 
rejected shipment and resubmit the lot 
after removal of those packages not 
conforming to the specified requirements. 


Standard Methods of 

TESTING BITUMINOUS MASTICS, GROUTS, AND LIKE 
MIXTURES! 



A.S.T.M. Designation; D 147-41 
Adopted, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 147 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the proce- 
dures for testing bituminous mastics, 
grouts, and like mixtures, which may be 
classified and defined as follows: 

, Bituminous Grout . — A mixture of bi- 
tuminous material as a binder and sandy 
mineral matter as an aggregate, which 
when heated to a suitable temperature 
becomes sufficiently fluid to flow into 
place without mechanical manipulation, 
and which on cooling congeals to a com- 
pact mass. 

Asphalt Mastic . — A mixture contain- 
ing (1) asphaltic material as a binder and 
graded mineral matter as an aggregate, 
or (2) pulverized native rock asphalt 
(to which asphaltic material may have 
been added) ; either of which when 
heated to a suitable temperature may 
be poured into place but which requires 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A,S.T.M. 
Committee D-S on Bituminous Waterproofing and Roofing 
Materials. 

® Prior to their present adoption, as standard, these 
methods were published as tentative from 1922 to 1927, 
being revised in 1923, 1924, 1925, and 1927. Theywere 
adopted m 1927, published as standard from 1927 to 1939, 
but withdrawn, revised, and republished as tentative from 
1939 to 1941. 


trowelling to form it into a compact 
mass. 

Asphalt Mastic Cake . — A mixture con- 
taining asphaltic material as a binder and 
an aggregate consisting chiefly of calcare- 
ous or siliceous dust cast into the form of 
blocks or “cakes” and adapted for use in 
preparing asphalt mastic. 

Preparation of Samples 

2. {a) Bituminous grouts shall be 
heated in an oven or on a hot plate in a 
pan or other suitable container at the 
lowest possible temperature to prevent 
overheating and volatilization, and, 
when sufficiently fluid, shall be thor- 
oughly stirred to insure a uniform 
sample, whereupon 10 to 30 g. shall be 
taken for analysis. 

(6) Asphalt mastics or mastic cake 
shall be warmed on a hot plate or in a 
hot oven until soft enough to be broken 
up or stirred so that a representative 
sample for analysis may be taken. The 
amount taken for analysis will depend 
upon the amount bf coarse gravel or 
stone in the mixture. The larger the 


Emergency Alternate Provisions EA - D 147 applying to 
this standard appear in ihe pink section of this hook. 
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gravel or stone, tlie larger will be tbe 
sample required for accuracy. The size 
of samples to be taken shall be as follows: 
Where all particles pass a No. 10 (2000- 
micron) sieve, 10 to 30 g.', where 25 per 
cent of the aggregate is retained on a No. 
10 sieve, 50 g. ; where 50 per cent of the 
aggregate is retained on a No. 10 sieve, 
100 g.; and where 75 per cent of the ag- 



Fig. 1. — Extraction Apparatus for Analysis of 
10 to 30-g. Samples. 


gregate is retained on a No. 10 sieve, 

200 g. 

Note. — Where the properties of the extracted 
bituminous matter are to be determined, SOO g. 
shall be taken and extracted with pure benzol 
as described in Sections 3 (b) and 5 and examined 
as specified in Section 6. 

Apparatus 

3. (fl) For Analysis of 10 to 30-g. 
Samples . — In cases where a 10 to 30-g. 
sample is sufficient, the analysis shall 


be carried out by means of the glass ex- 
tractor, shown in Fig. 1. 

(6) For Analysis of 50 to 500-g. 
Samples . — The apparatus for analysis of 
samples containing coarser aggregate 
shall be the large extractor, shown in 
Fig. 2, consisting of a large brass cylin- 
der, through the bottom of which projects 
a 16-candlepower, incandescent carbon 
filament bulb or other type of electric 
heater of correct capacity to supply heat 
to the extraction apparatus proper, held 
in the upper portion of the cylinder. This 
apparatus shall consist of a cylindrical 
brass vessel for holding the solvent, a 
cylindrical wire basket made of 80~mesh 
wire cloth suspended in the cylinder, and 
an inverted conical condenser which 
serves as a top. 

Procedure for Analysis of 10 to 30-g. 

Samples® 

4. (a) An ordinary Wliatman or S. 
and S. filter thimble shall be dried and 
weighed. The weighed sample shall be 
placed in the thimble and 40 to 50 ml. 
of poured over the sample. The 
thimble containing the sample shall be 
suspended under the condenser by a fine 
wire bail as shown in Fig. 1. The flask 
shall be cautiously heated by a steam- 
bath or electric heater just enough to 
vaporize the solvent. Cold water shall 
be circulated through the condenser. 
The heat evaporates the carbon disulfide 
in the flask. This condenses upon the 
condenser and drops back upon the 
sample through which it filters, thus 
dissolving out the bitumen which collects 
in the bottom of the flask. The extrac- 
tion should be discontinued when the 

s This method for analysis of larger samples is espe- 
cially adapted for asphalt mastics, grouts, and mastic 
cake. If the binder is coal-tar pitch, the “free carbon” 
constituent of the binder will remain with the mineral 
aggregate. The committee has under consideration a 
possible separate method for analysis of coal-tar mastics. 

* Carbon tetrachloride, benzol, or chloroform may be 
used instead of carbon disulfide, with the only difference 
that in the case of noninflammable solvents, the solvent 
will have to be evaporated from the solution of bitumen 
to determine the asn for correction instead of burning off 
directly. When the solvent is expelled, the bitumen can 
be ignited for ash. 
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CS 2 drops colorless from the filter. The 
time of extraction will depend upon the 
nature of the bitumen and mineral ag-- 
gregate in the sample and upon the de- 
gree of heat applied, the coldness of the 
water in the condenser, and other factors. 
In some cases extraction may be com- 
plete in 1 hr., in others 4 or 5 hr. may 
be necessary. When the solvent comes 
through clear, the filter shall be removed 
and washed with a fine jet of CS 2 from 
a washing bottle to wash out any bitu- 
men that may be retained at the top of 
the paper and to break up any channels 
that may have been formed by the CS 2 
passing through. If the washings show 
any color, the thimble shall be put back 
and extraction continued until the sol- 
vent again becomes colorless. It shall 
then be removed, dried carefully, at a 
low temperature at first to prevent igni- 
tion of the absorbed CS 2 , and finally to 
constant weight at 100 C. (212 F.), 
cooled, and weighed. The solution in 
the flask shall be rinsed into a weighed 
porcelain or silica evaporating dish or 
crucible and the solvent burned off under 
a hood. The residue shall be ignited 
over a flame or in a muffle and the ash 
weighed and the weight added to that of 
the mineral matter in the filter paper. 
This is to correct for the fine mineral 
matter which will be carried through the 
paper by the solvent. Should there be 
a considerable amount of ash recovered 
in this way, and if it is found that the 
mineral matter is calcium or other 
carbonate, it shall be recarbonated by re- 
peated treatment with ammonium car- 
bonate solution and finally ignited at a 
dull red heat. Ordinarily, however, the 
mineral matter going through the paper 
will be so small in amount that the dif- 
ference caused by ignition may . be 
neglected. The corrected loss in weight 
on the original sample represents the 
percentage of bitumen. 

(b) The sieve analysis of the mineral 


aggregate shall be made in accordance 
with the Standard Method of Test for 
Sieve Analysis of Fine and Coarse Ag- 
gregates (A.S.T.M. Designation: C 136) 
of the American Society for Testing 
Materials.® The extracted residue shall 
be transferred from the thimble to the 
No. 200 (74-micron) sieve, the paper 
being gently rubbed to free adhering 
particles. The aggregate on the sieve 
shall be gently rubbed with the fingers to 
break up lumps and to free any particles 
of fine dust that might adhere to larger 
sand particles. The sieve shall be 
shaken over a piece of paper from side 
to side with the right hand, striking it 
sharply against the palm of the left hand 
until no appreciable amount of dust 
comes through the sieve on to the paper. 
The paper shall be cleared from time to 
time by raising one side with the left 
hand and rolling off the siftings, so that 
it can be seen when the sifting is com- 
plete. The material remaining on the 
No. 200 sieve shall be weighed and the 
amount of material which has passed 
through the No. 200 sieve shall be de- 
termined by difference. This operation 
shall be repeated upon the coarser sieves 
in order and the amount passing each 
sieve and retained on the next finer re- 
corded as percentage of the original 
sample. 

Procedure for Analysis of 50 to SOO-g. 

Samples 

5. (a) A large filter paper, 12 or 13 
in. in diameter, shall be fitted inside the 
wire basket of the extractor, shown in 
Fig. 2, by folding once more than in 
ordinary filtering, or by wrapping it 
over a form which fits inside the basket 
(a cylindrical bottle of proper size makes 
a good form) and placing it inside the 
basket. The basket with contained 
filter paper shall be dried and weighed. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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The sample shall be weighed and packed extractor, but on a larger scale. The 
in the filter paper in the basket. Care time for extraction will vary from 3 to 
should be taken not to pack all coarse 12 hr. or more, depending upon the na- 
particles in one place and the fine par- ture of the sample. To determine when 
tides in another but to have them mixed, extraction is complete, the condenser 
together in uniform proportions. The shall be raised and the basket lifted out 
sample shall be covered with a disk of to observe if drippings are clear. One 
felt or wad of absorbent cotton to insure or two drops caught upon white filter 
even distribution of the dropping sol- paper should leave but a light stain. 



Fig. 2. — Extraction Apparatus for Analysis of 50 to SOO-g. Samples. 

vent, thus preventing it from forming a {b) The drying and weighing of the 
channel through the sample. The bas- basket, burning off of the solution for 
ket shall be suspended in the extractor correction, and the sifting of the mineral 
and 150 to 200 ml. of € 82 ^ poured over aggregate shall be carried on exactly as 
the felt or cotton. The condenser shall in the case of the smaller sample as de- 
be placed over the top and water circu- scribed in Section 4 , except that in sift- 
lated through it. Current shall be ing mineral aggregates containing coarse 
started through the electric lamp under- stone, it is well to remove the stone by 
neath the extractor and the extraction putting the mineral aggregate first 
carried on exactly as in the smaUer glass through a No. 10 (2000-micron) sieve, as 


m. 
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the large stone would injure the No. 200 
(74-micron) sieve. 

(c) The stone removed by the No. 10 
sieve may be sieved through |-in., 
and coarser sieves in order, as described 
in the Standard Method C 136,® and the 
fine material passing the No. 10 sieve 
through No. 200 and coarser sieves in 
order, all amounts passing any one sieve 
and retained on the next finer one being 
reported as percentage of the original 
sample. Thus the ingredients of the 
mixture may be roughly separated by the 
use of the proper size sieves, and ex- 
amined for physical and chemical 
characteristics. 

Note. — The siftings passing the No. 200 
(74-niicron) sieve will consist largely of the 
dust or pulverized rock used in the mixture. 
The material between the No. 100 (149-micron) 
and the No. 10 (2000-micron) will consist 
largely of the sand used in the mixture, with 
any particles of fine crushed stone within these 
limits that existed in the original materials. 
Gravel or broken stone as a rule will be larger 
than No. 10 or No. 8 (2380-micron). 

Recovery and Examination of Extracted 

Bitumen 

6. Until standard methods are avail- 
able, recovery and preparation for test of 
the bituminous matter soluble in pure 
benzol extracted from asphalt mastics 
and grouts shall be made according to 
the procedure described in the paper 
“Method and Apparatus for the Re- 
covery of Asphalt.”® 

'Gene Abson, “Metbod and Apparatus for the Re- 
covery of Asphalt,” Proceedings, Am. Soc. Testing Mats. 
Vol. 33, Part II, p. 704 (1933). 


Solubilily of Aggregate in Hydrochloric 

Acid 

7. When the mastic is to be used for 
acid-proof floors, tank linings, etc., pul- 
verized silica and other materials insolu- 
ble in acid are used in preparing the 
mixture. The most important chemical 
property, therefore, is solubility or in- 
solubility in mineral acids. This de- 
termination may be carried out in the 
following manner: 

Dry to constant weight at 325 F, 
about 2.5 g. of the dust, or of the coarser 
material, or stone which has been previ- 
ously pulverized in a mortar. The loss 
will represent any moisture that may 
have been retained in the material as 
well as any absorbed solvent that may 
not have been expelled while drying the 
sample after extraction. Place 1 g. of 
the dried sample in a 250-ml. beaker, 
cover with a watch glass and add 10 ml. 
of c. p. HCl (sp. gr. 1.19), dilute with 
50 ml. of distilled water. Break up any 
lumps by means of a glass stirring rod. 
Note any effervescence which may occur. 
If considerable effervescing takes place, 
the sample may be said to be carbonate. 
If all the sample, or practically all, dis- 
solves, the determination need not be 
carried further. If apparently insoluble, 
heat it carefully and boil for 15 min., and 
filter through a tared Gooch filter, and 
wash the insoluble residue with hot 
water. Ignite and weigh and report the 
loss as the percentage soluble in hydro- 
chloric acid. 


Stafidard Method of Test for 
COARSE PARTICLES IN MIXTURES OF ASPHALT AND 
MINERAL MATTERS 



A.S.T.M. Designation: D 313 - 41 
Adopted, 1941.* 

Reapproved in 1944 Without Change. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 313; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the pro- 
cedure for determining the amount of 
particles of mineral or other insoluble 
matter in asphaltic mixtures that are re- 
tained upon a No. 200 (74-micron) sieve. 

Sampling 

2. The material shall be sampled in 
accordance with the Tentative Methods 
of Sampling Bituminous Materials (A.S. 
T.M. Designation: D 140) of the Ameri- 
can Society for Testing Materials.® 

Preparation of Sample 

3. The sample as received shall be 
completely melted in an oven at the 
lowest possible temperature, stirred well 
to insure homogeneity, and samples for 
test taken immediately. 

Apparatus 

4. (a) The apparatus shah consist 

I Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-8 on Bituminous Waterproofing and Roofing 
Materials. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1929 to 1941, being re- 
vised in 1935 and 1937. 

* Appears in this publication, see Contents in Niuneric 
Sequence of A.S.T.M. Designations at front of book. 


either of a 3-in. No. 200 (74-micron) 
sieve or, a crucible sieve, If in. in di- 
ameter at the top and in. in diameter 
at the bottom containing a No. 200 
(74-micron) sieve. The sieve shall con- 
form to the Standard Specifications for 
Sieves for Testing Purposes (A.S.T.M. 
Designation: Ell) of the American So- 
ciety for Testing Materials.® 

(^) A 3-in. No. 200 (74-niicron) sieve 
for comparison purposes shall be re- 
tained in the laboratory as a standard. 
Whenever a new sieve is secured, a prac- 
tical test of its accuracy should be made 
by running on it, and on the standard 
sieve, a comparison test, using powdered 
mineral matter that has a considerable 
percentage of coarse particles. A re- 
serve stock of such powdered mineral 
filler should be kept for this purpose. 

Procedure 

5. (a) The sieve shall be dried in an 
oven at 105 to 110 C., cooled, and then 
weighed on an analytical balance, the 
weight being recorded to the nearest 
Img. 
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(&) A sample of the asphalt sufScient 
to yield about 1 g. of mineral matter 
shall be weighed into a 400-mL beaker. 
Then carbon disulfide, carbon tetra- 
chloride, or benzol shall be added and 
the mixture warmed until the asphalt is 
entirely dissolved. The solution ob- 
tained shall be poured through the 
weighed sieve, and the residue in the 
beaker shall be washed onto the sieve, 
using the solvent employed. 

(c) The sieve containing the residue 
shall be washed with a fine jet of the 
solvent from a wash bottle until free 


from asphalt and fine mineral matter, 
then dried, tapped lightly to remove 
any fine mineral matter held on the 
wires, and weighed. During the wash- 
ing, the sieve shall be held so that the 
liquid will drain through readily. 

Calculation 

6. The percentage of coarse particles 
in the mineral matter shall be calculated 
from the weight of the sample taken, the 
percentage of matter insoluble in carbon 
disulfide, and the weight of the residue 
retained on the sieve. 


Standard Method of Test for 

SIEVE ANALYSIS OF GRANULAR MINERAL SURFACING 
FOR ASPHALT ROOFING AND SHINGLES^ 



A.S.T.M. Designation: D 451 - 40 
Adopted, 1940.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 451; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method is intended for the 
sieve analysis of granular mineral sur- 
facing material, such as crushed slate, 
stone, etc., used on the weather surface 
of prepared asphalt roofing and shingles. 


Apparatus 


2. (a) Sieves . — A set of consecutive 
sieves of the series listed in Table I, 
conforming to the Standard Specifica- 
tions for Sieves for Testing Purposes 
(A.S.T.M. Designation; E 11) of the 
American Society for Testing Mate- 
rials,® shall be used. The group of 
sieves selected shall include those appro- 
priate to the grading of the granular 
mineral to be subjected to sieve analysis. 
Sieves of either the coarser or finer 
openings, on which less than 0.05 per 
cent of the weight of the sample of the 
particular material would be found 
after sieving, need not be included in 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-8 on Bituminous Waterproofing and Roofing 
Materials. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1<)37 to 1940. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


the set. The wire cloth for these sieves 
shall be woven (not twilled) from brass, 
bronze, or other suitable wire, and shall 
be mounted without distortion in circu- 
lar frames, 8 in. (20.32 cm.) in diameter 
and about 2 in. (5 cm.) between the top 
of the frame and the cloth. 

(6) Sieve Shaker . — A mechanically 
operated sieve shaker, which imparts to 
the set of sieves a rotary motion and 
tapping action of uniform speed, shall 
be used. The number of taps per 
minute shall be between 140 and 160. 
The sieve shaker shall be fitted with a 
hard maple plug to receive the impact 
of the tapping device. The entire ap- 
paratus shall be rigidly mounted by 
bolting to a solid foundation, preferably 
of concrete. 

(c) Sample Splitter. — K riffle sampler 
with I or |-in. divisions, for reducing 
the gross sample to the quantity re- 
quired for the sieve analysis, shall be 
used. 

Unit for Sampling 

3. Each carload of mineral granules 
shall be considered the unit for sampling, 
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except tb.at where a carload includes 
more than one kind of granular sur- 
facing, the entire quantity of each kind 
in the car shall be considered the unit 
for each kind, respectively. 

Collection of Gross Sample 

4. (a) In collecting the gross sample 
from a carload of mineral granules 
shipped in bulk, eight equal increments 
of not less than 2 lb. each shall be taken 
from the material at the exposed surface 
of the car. A conical excavation about 
1 ft. in depth shall be made at each 
sampling point and the sample taken 


sist of equal increments of not less than 
2 lb. from each of the bags taken for 
sampling. 

(c) Where the mineral granules are 
being loaded or unloaded by conveyor 
or chute the gross sample shall prefer- 
ably be collected by taking equal incre- 
ments from the stream at regular time 
intervals, with such frequency that the 
total weight of the gross sample will be 
not less than 16 lb. Increments shall 
be taken from the full width and thick- 
ness of the stream, preferably, if prac- 
ticable, by inserting a suitable container 
into the stream. 


TABLE I.-NOMINAL DIMENSIONS, PERMISSIBLE VARIATIONS, AND LIMITS FOR WOVEN WIRE CLOTH 
OF STANDARD SIEVES. 


Size < 

jr sieve Designation 

Sieve Opening 

Permissible 
Variation 
in Average 
Opening, 
per cent 

Permissible 

Variation 

Maximum 
Opening, 
per cent 

Wire Diameter 

mm. 

in. , 
(approx, 
equivalents) ' 

mm. 

in. 

(approx. 

equivalents) 

3360 micron (No. 6) ... 

3.36 

0.132 

d=3 

H 

hio 

0.87 to 1.32 

0.034 to 0.052 

2380 mi 

cron (No* 8) 

2.38 

0.0937 

±3 

H 

-10 

0.74 to 1.10 

0.0291 to 0.0433 

1680 m 

cron (No. 12) 

1.68 

0.0661 

±3 

H 

-10 

0.62 to 0.90 

0.0244 to 0.0354 

1190 m 

cron (No. 16) 

1.19 

0.0469 

±3 


-10 

0.50 to 0.70 i 

0.0197 to 0.0276 

840 m 

cron (No. 20) 

0.84 

0.0331 

±5 

H 

-15“ 

0.38 to 0.55 

0.0150 to 0.0217 

S90m 

cron (No. 30) 

0.59 

0.0232 

is 


-15“ 

0.29 to 0.42 

0.0114 to 0.0165 

420 m 

cron (No. 40) 

0.42 

0.016S 

iS 


-25“ 

0.23 to 0.33 

0.0091 to 0.0130 

297 m 

cron (No. 50) 

0.297 

0.0117 

i5 


-25“ 

0.170 to 0.253 

0.0067 to 0.0100 

210 m 

cron (No. 70) 

0.210 

0.0083 

i5 


1-25“ 

0.130 to 0.187 

0.0051 to 0.0074 

149 m 

icron (No. 100) 

0.149 

0.0059 

i6 


-40“ 

0.096 to 0.125 

0.0038 to 0.0049 


“ Not more than S per cent of the openings shall exceed the nominal opening by more than one half of the permis- 
sible variation in maximum opening. 


from the bottom of the excavation. 
The eight sampling points shall be 
located as shown in Fig. 1. 


^ ^ ^ ' 
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i /TN ! /TV ' 

..4. 
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L 1 ^ 4 '' 


^ — 

U- L- Length of Cai 


Fig. 1. — Location of Sampling Points from 
Surface of Car. 

(b) In collecting the gross sample 
from a carload of mineral granules 
shipped in bags, a number of bags shall 
be selected at random, equivalent to the 
cube root of the total number of bags 
in the car. The gross sample shall con- 


Reduction of Gross Sample 

5. The gross sample shall be reduced 
by riffling or hand-quartering to not 
less than 500 g. (1.1 lb.). 

Size of Test Sample 

6. The entire sample obtained from 
reduction of the gross sample, shall be 
weighed with an accuracy of not less 
than 0.1 g., and taken for the sieve 
analysis. 

Sieve Analysis 

7. (a) The group of sieves selected 
from the series listed in Table I shall 
be assembled in consecutive order as to 
size of openings, with the sieve having 
the largest openings at the top and the 
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one with the smallest openings at the 
bottom, the assembly being completed 
by a solid collecting pan below the 
bottom sieve. The test sample, previ- 
ously weighed (Section 6), shall be 
placed on the top sieve and this sieve 
closed with a solid cover. The sieve 
assembly shall then be securely fastened 
in a suitable mechanical sieve shaking 
device (Section 2 (b)). 

(b) The sample shall be passed 
through the sieves of the series selected, 
by subjecting it to the action of the 
sieve shaker for a period of 15 min. 
Since granular mineral surfacing mate- 
rials usually have been subjected to 
grading by screens in the process of 
manufacture and hence separate rapidly 
into their sieve fractions, an end point 
determination is not considered 
necessary. 

(c) The portion of the sample re- 
tained on each of the sieves and on the 
pan shall be carefully removed and 
weighed with an accuracy of not less 
than 0,1 g. 

Report 

8. The results of the sieve analysis 
shall be reported to the nearest 0.1 per 


cent (omitting the results on those sieves 
on which less than 0.05 per cent of the 
total weight of the test sample was col- 
lected), as follows: 


Retained on Sieve 
3360-niicron (No. 6) . . . 
2380-micron (No. 8) 
1680-micron (No. 12) 
1190-micron (No. 16) 
840-micron (No. 20) 
S90-micron (No. 30) 
420-micron (No. 40) 
297-micron (No. SO) 
210-micron (No. 70) 
149-micron (No. 100) 

Total 


Passing Sieve Per Cent 


3366-micron (No. 6) 
2380-micron (No. 8) 
1680-micron (No. 12) 
1190-micron (No. 16) 
840-micron (No. 20) 
590-micron (No. 30) 
420-micron (No. 40) 
297-micron (No. 50) 
210-micron (No. 70) 
149-micron (No. 100) 


The sum of the sieve weight percent- 
age fractions, reported as above tabu- 
lated, shall be not less than 99.5 per 
cent, that is, the total loss and error in 


the sieve analysis shall not exceed 0.5 


per cent. 


Reproducibility of Results 

9. Duplicate determinations by the 
same operator, using the same sieves, 
shall check within 1 per cent of the total 
weight of the sample, for the portion of 
the sample retained on each sieve and 
on the pan. 


Standard Method of Test for 

SIEVE ANALYSIS OF NONGRANULAR MINERAL SURFACING 
FOR ASPHALT ROOFING AND SHINGLES' 



A.S.T.M. Designation: D 452 - 40 
Adopted, 1940.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 452; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method is intended for the 
sieve analysis of nongranular mineral 
surfacing material, such as mica, talc 
and other powdered or flaky mineral 
particles, used on the weather surfaces 
of prepared asphalt roofing and on the 
non- weather-exposed surface of asphalt 
shingles. 

Apparatus 

2, (o) Sieves . — A set of consecutive 
sieves of the series listed in Table I, con- 
forming to the Standard Specifications 
for Sieves for Testing Purposes (A.S. 
T.M. Designation: E 11) of the Ameri- 
ean Society for Testing Materials,® shall 
be used. The group of sieves selected 
shall include those appropriate to the 
grading of the nongranular mineral to 
be subjected to sieve analysis. Sieves 
of either the coarser or finer openings, 
on which less than 0.05 per cent of the 

y Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-8 on Bituminous Waterproofing and Roofing 
Materials. 

Prior to adoption as standard, this method was pub- 
lished as tentative from 1037 to 1940. 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


weight of the sample of the particular ma- 
terial would be found after sieving, need 
not be included in the set (Note). The 
wire cloth for these sieves shall be woven 
(not twilled) from brass, bronze, or other 
suitable wire, and shall be mounted with- 
out distortion in circular frames, 8 in. 
(20.32 cm.) in diameter and about 2 in. 
(5 cm.) between the top of the frame 
and the cloth. 

Note. — For relatively coarse or flaky mate- 
rials, such as coarse mica, sieves from 1190 
to 210-micron (Nos. 16 to 70) inclusive, will 
usually be found suitable; for finer surfacing 
materials, such as fine mica or talc flour, sieves 
from 590 to 74-nucron (Nos. 30 to 200) in- 
clusive, ivill usually give a satisfactory sieve 
analysis. 

(b) Sieve Shaker , — A mechanically 
operated sieve shaker, which imparts 
to the set of sieves a rotary motion and 
tapping action of uniform speed, shall be 
used. The number of taps per minute 
shall be between 140 and 160. The 
sieve shaker shall be fitted with a hard 
maple plug to receive the impact of the 
tapping device. The entire apparatus 
shall be rigidly mounted by bolting to 
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a solid foundation, preferably of con- 
crete. 

(c) Sample Splitter,— A riffle sampler 
with I or l-in. divisions, for reducing 
the gross sample to the quantity re- 
quired for the sieve analysis, shall be 
used. 

Unit for Sampling 

3. Each carload of nongranular min- 
eral surfacing shall be considered the 
unit for sampling. 

Collection of Gross Sample 

4. (a) In collecting the gross sample 
from a carload of nongranular mineral 


serted into the mass at the bottom of the 
excavation. 

Reduction of Gross Sample 

5. The gross sample shall be reduced 
by riffling or hand-quartering to not less 
than 100 g. (0.22 lb.). 

Size of Test Sample 

6. The entire sample obtained from 
reduction of the gross sample, shall be 
dried at least 2 hr. in an oven at 220 F., 
weighed with an accuracy of not less 
than 0.1 g., and taken for the sieve 
analysis. 


TABLE L-NOMINAL DIMENSIONS, PERMISSIBLE VARIATIONS, AND LIMITS FOR WOVEN WIRE CLOTH 
OF STANDARD SIEVES. 


Size or Sieve Designation 

Sieve Opening 

Permissible 
Variation 
in Average 
Opening, 
per cent 

Permissible 

Variation 

in 

Maximum 
Opening, 
per cent 

Wire Diameter 

mni. 

(approx. 

equivalents) 

mm. 

(approx 

equivalents) 


12) 

1.68 

0.0661 


+10 

0.62 to 0.90 

0,0244 to 0.0354 

1190 micron (No. 

16) 

1.19 

0.0469 

=b3 

- 

-10 

0.50 to 0.70 

0.0197 to 0.0276 


20) 

0.84 

0.0331 

=b5 

- 

-15“ 

0.3S to 0.55 

0.0150 to 0.0217 

S90 micron (No. 

30) 

0.59 

0.0232 

=±=S 


-15“ 

0.29 to 0.42 

0.0114 to 0.0165 

420 micron (No. 

40) 

0 42 

0.016S 

d=5 


-25“ 

0.23 to 0.33 

0.0091 to 0.0130 

297 micron (No. 

50) 

0.297 1 

0.0117 

=fc5 

- 

-25“ 

0.170 to 0.253 

0.0067 to 0.0100 

210 micron (No. 

70) 

0.210 

0.00S3 

=b5 


-25“ 

0.130 to 0.187 

0.0051 to 0.0074 

149 micron (No, 

100) 

0.149 

0.0059 

=h6 


-40“ 

0.096 to 0.125 

0.0038 to 0.0049 

74 micron (No. 

200) 

0.074 

0.0029 

±7 


1-60“ 

0.045 to 0.061 

0.0018 to 0.0024 


® Not more than S per cent of the openings shall exceed the nominal opening by more than one half of the permissible 
variation in maximum opening. 


surfacing shipped in bags, a number of 
bags shall be selected at random equiva- 
lent to the cube root of the total number 
of bags in the car. The gross sample 
shall consist of equal increments of not 
less than 0.5 lb. from each of the bags 
taken for sampling. 

(b) In collecting the gross sample from 
a carload of nongranular mineral surfac- 
ing material shipped in bulk, at least 
eight equal increments of not less than 
0.5 lb. each shall be taken from well dis- 
tributed points in the mass, using a 
sampling tube not less than T in. in 
diameter. A conical excavation about 1 
ft. in depth shall be made at each sam- 
pling point and the sampling tube in- 


Sieve Analysis 

7. (a) The group of sieves selected 
from the series listed in Table I shall 
be assembled in consecutive order as to 
size of openings, with the sieve having- 
the largest openings at the top and the 
one with the smallest openings at the bot- 
tom, the assembly being completed by a 
solid collecting pan below the bottom 
sieve. The test sample, previously 
weighed (Section 6), shall be placed on 
the top sieve and this sieve closed with a 
solid cover. The sieve assembly shall 
then be securely fastened in a suitable 
mechanical sieve shaking device (Sec- 
tion 2 (b)). 
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(b) The sample shall be passed 
through the sieves of the series selected, 
by subjecting it to the action of the sieve 
shaker for a period of 20 min. At the 
end of this period the collecting pan, 
containing the portion of the material 
passing the finest sieve of the group se- 
lected, shall be removed from the sieve 
assembly and the contents weighed with 
an accuracy of not less than 0.1 g. The 
collecting pan shall then be re-assembled 
with the sieves, as before, and the shak- 
ing continued for an additional 10 min. 
At the end of this additional shaking 
period the collecting pan shall be re- 
moved and the contents weighed. If the 
additional material passing the finest 
sieve during this second shaking period 
does not exceed 0.5 per cent of the total 
weight of the sample, the sieve analysis 
shall be considered complete. If it does 
exceed 0.5 per cent, the collecting pan 
and sieves shall be re-assembled and 
shaken for successive additional 10-min. 
periods, weighing the material collected 
in the pan , after each period of shaking, 
until the amount passing the finest sieve 
in a 10-min. shaking period is less than 
0.5 per cent of the weight of the sample. 

(c) The portion of the sample retained 
on each of the sieves and on the pan shall 


be carefully removed and weighed with 
an accuracy of not less than 0.1 g. 

Report 

8. The results of the sieve analysis 
shall be reported to the nearest 0.1 per 
cent (omitting the results on those sieves 
on which less than 0.05 per cent of the 
total weight of the test sample was col- 
lected), as follows: 

Retained on Sieve Passing Sieve Per Cent 

1680-micron (No. 12)... 

1190-micron (No. 16) 16S0-micron (No. 12) 

840-micron (No. 20) 1190-micron (No. 16) 

590-micron (No. 30) 840-niicron (No. 20) 

420-micron (No. 40) SOO-micron (No. 30) 

297-micron (No. SO) 420-micron (No. 40) 

210-micron (No. 70) 297-micron (No. SO) 

149-micron (No. 100) 210-micron (No. 70) 

74-micron (No. 200) 149-micron (No. 100) 


The sum of the sieve weight percent- 
age fractions, reported as above tabu- 
lated, shall be not less than 98.5 per 
cent, that is, the total loss and error in 
the sieve analysis shall not exceed 1.5 
per cent. 

Reproducibility of Results 

9. Duplicate determinations by the 
same operator, using the same sieves, 
shall check within 1 per cent of the total 
weight of the sample, for the portion of 
the sample retained on each sieve and on 
the pan. 



APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: 06-1939 


Standard Specifications for 
ROUND TIMBER PILESi 



A.S.T.M. Designation: D 25 - 37 
Adopted, 1937.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 25; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover round 
timber piles to be used untreated, or 
treated by standard preservatives. 

Note. — Where sawed timber is used as piling, 
such as heavy sheet piles, appropriate specifica- 
tions should be selected from the Standard 
Specifications for Structural Wood Joist and 
Plank, Beams and Stringers, and Posts and 
Timbers (A.S.T.M. Designation: D 245) of the 
American Society for Testing Materials.^ 

Kinds of Wood 

2. (fl) The purchaser shall specify the 
kind or kinds of wood he desires, and 
shall designate the kinds he desires for 
preservative treatment. 

Note. — Commonly used species are cedars, 
chestnut, cypress, Douglas fir, larch, oaks, pines, 
spruces, and tamarack. 

(&) Piles of different kinds of wood 
shall be delivered in separate lots. 

‘ Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-7 on Timber. 

‘ Prior to their present adoption as standard, these 
specifications were publi-shed as tentative from 1915 to 1920. 
They were adopted in 1920, published as standard from 
1920 to 1930, but withdrawn and republished as tentative 
from 1930 to 1937, heins revised in 1934 and 1935. 

‘ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. . 


Use Classification 

3. Timber piles are classified in these 
specifications under three general di- 
visions according to the use intended, as 
follows: 

{a) Class A . — Piles suitable for use in 
heavy railway bridges and trestles. The 
minimum diameter of butt assumes the 
use of load-bearing timber caps 14 in. in 
width. 

{b) Class B . — Piles suitable for use in 
docks, wharves, highway work, and 
general construction. The minimum 
diameter of butt assumes the use of load- 
bearing timber caps 12 in. in width. 
When timber caps are not used, as in 
the case of piles under masonry founda- 
tions, the sizes given for Class C piles are 
recommended. 

(c) Class C.— Piles suitable for use in 
foundations which will always be com- 
pletely submerged, for coffer-dams, 
falsework, and sundry temporary work. 

Class A and Class B Piles 
General Quality 

4. Except as hereinafter provided. 
Class A and Class B piles shall be free 
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from any defects whicli may impair their 
strength or durability as piling, such as 
decay, red heart, splits in piles to be 
treated, or splits longer than the 
measured butt diameter of piles not to 
be treated, twist of grain exceeding one- 
half of the circumference in any 20 ft. of^ 
length, unsound knots, numerous knots 
or holes, or shake more than one-third 
of the diameter of the pile. Piles which 
have been scored for turpentine shall be 
accepted, provided such scar does not 
exceed 36 in., and provided the scoring is 
of recent date showing the scar to be 
entirely sound and free from insect 
damage. 

Knots 

5. Sound knots will be permitted in 
Class A and Class B piles, provided they 
are not in clusters. The diameter of a 
sound knot shall not be greater than 
one-third of the minimum diameter of 
the pile at the section where it occurs, 
and shall not exceed 4 in. for piles 50 ft. 
and under in length. For piles over 
50 ft. in length, knots between the sec- 
tion at mid-length and the butt shall 
conform to the limitation prescribed for 
piling under 50 ft. Between mid-length 
and the tip, single knots up to 5 in. in 
diameter will be permitted, provided 
they do not exceed one-half the mini- 
mum diameter of the pile at the section 
where they occur. The diameter of a 
knot shall be measured at right angles 
to the length of the pile. 

General Requirements 

6. (a) Sound Timber. — Class A and 
Class B piles shall be cut from sound, 
live trees, except that fire-killed, blight- 
killed, or wind-felled , timber may be 
used if not attacked by decay or insects. 
Piles shall be cut above the ground swell. 

(b) Tip. — ^The tip shall be sound. 

(c) Butt End.—Tht butt end shall be 
sound except in cedar piles, which may 


have a pipe or stump rot hole not more 
than in. in diameter. 

{d) Taper. — Piles shall have a gradual 
taper from the point of butt measure- 
ment to the tip. 

(e) Surface Finish. — All knots and 
limbs shall be trimmed or smoothly cut 
flush with the surface of the pile. The 
butt and tip shall be sawed square with 
the axis of the pile, or the tip may be 
tapered to a point not less than 4 in. in 
diameter if directed by the engineer in 
charge. 

Sapwood 

7. {a) Piles for Use Untreated.— 
Piles for use without preservative treat- 
ment shall have as little sapwood as 
possible, and when used in exposed work, 
the diameter of the heartwood shall not 
be less than eight-tenths of the actual 
diameter of the pile at the butt. 

ib) Piles for Treatment. — Piles for use 
with preservative treatment shall have 
no sapwood restrictions, but preferably 
shall contain as much sapwood as 
possible. In southern pine the sapwood 
thickness shall not be less than in. 
and in Douglas fir and larch not less than 
1 in. on the butt end. 

Peeled Piles 

8. {a) Piles shall be peeled of bark, 
including the inner skin, soon after 
cutting so that the piles are smooth and 
clean. Care shall be taken to remove 
as little sapwood as possible while 
peeling the bark. The sapwood shall 
not be injured by unnecessary axe cuts. 
These piles shall be designated as piles 
for treatment. 

(6) No pile shall be considered as 
thoroughly peeled unless all of the 
rough bark and at least 80 per cent of 
the inner bark which remains on the pile 
shall have been removed. In no case 
shall any piece of inner bark be over 
f in. in width or over 8 in. in length, and 
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there shall be 1 in. of clean wood surface 
between any two strips of inner bark. 

Diameter 

9. It is recommended that the 
diameters of piles measured under the 
bark shall conform to the requirements 
shown in 'Fable I, subject to a permissible 


Table I.— Diameters or Three Classes of 
Piles. 



Under 40 

14 

18 

10 

12 

20 

8 

12 

20 

8 

40 to 50, incL. 

14 

18 

9 

12 

20 

7 

12 

20 

6 

51 to 70, incl.. 

14 

18 

8 

13 

20 

7 

12 

20 

6 

71 to 00, incl.. 

14 

20 

7 

13 

20 

6 

12 

20 

6 

Over 90 

14 

20 

6 

13 

20 

S 

12 

20 

5 


Black Oak, CnESTNUi, Cvpeess, Pin Oak, Post or Burr 
Oak, Red Oak, White Oak, or Willow Oak Piles 


Under 30 

30 to 40, incl.. 
Over 40 

14 

14 

14 

18 

18 

18 

10 : 
9 ■ 
8 ■ 

12 

13 

13 

18 : 
20 I 
20 1 

8 

8 

7 

12 

12 

12 

20 

20 

20 

8 

8 

6 

Cedar Piles 

Under 30 

14 

22 

10 

12 

22 

8 

12 

22 

8 

30 to 40, incl,. 

14 

22 

9 

13 

22 

8 

12 

22 

8 

Over 40 

14 

22 

8 

13 

22 

7 

12 

22 

7 


In Class C piles, a minimum diameter (at cut-off) of 
10 in. may be specified for lengths of 20 ft. and under. 

® Where larch, lodgcpole or Norway pine, spruce, or 
lamarack piles are specified, their dimensions shall cor- 
respond to_ the requirements shown for Douglas iir and 
southern pine. 


variation of minus | in. in any diameter 
in not more than 25 per cent of the piles 
of that diameter. 

(b) The diameter of a pile in cases 
where the tree is not exactly round .shal l 
be determined either by measuring the 


circumference and dividing the number 
of inches by 3.14, or by taking the 
average of the maximum and minimum 
diameters at the location specified. 

Length 

10,. All piles shall be furnished cut to 
any of the following lengths, as specified: 
16 to 40 ft. in multiples of 2 ft., and over 
40 ft. in multiples of S ft. A variation 
of 6 in. in length shall be allowable, but 
the average length in any shipment shall 
be equal to, or greater than, the specified 
lengths. The length of each pile shall 
be legibly marked on the butt end with 
white or black paint. 

Straightness 

11. Piles shall be free from short or 
reversed bends, and free from crooks 
greater than one-half of the diameter of 
the pile at the middle of the bend. In 
short bends, the distance from the center 
of the pile to a line stretched from- the 
center of the pile above the bend to the 
center of the pile below the bend shall 
not exceed 4 per cent of the length of the 
bend, or 2| in. A line drawn from the 
center of the butt end to the center of 
the tip shall lie within the body of the 
pile. 

Class C Piles 
General Quality 

12. Class C piles shall be of sound, 
live timber that will stand (hiving, and 
need not be peeled if they are to be used 
without preservative treatment. They 
shall be free from decay and other im- 
perfections such as bad knots and shakes 
which will materially affect their 
strength. Piles which have been scored 
for turpentine shall be accepted, pro- 
vided such scar does not exceed 36 in., 
and provided the scoring is of recent 
date sho-wing the scar to be entirely 
sound and free from insect damage. 
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General Requirements 

13. (a) tip shall be sound. 

(Z>) Taper . — Piles shall have a gradual 

taper from the point of butt measure- 
ment to the tip. 

(c) Surface Fmish.—KW knots and 
limbs shall be trimmed or smoothly cut 
flush with the surface of the pile. The 
butt and tip shall be sawed square with 
the axis of the pile, or the tip may be 
tapered to a point not less than 4 in. in 
diameter if directed b}^ the engineer in 
charge. 

Sapwood 

14. Sapwood requirements shall be 
identical with those for Class A and 
Class B piles as specified in Section 7. 

Peeled Piles 

15. The requirements for peeled piles 
shall be identical with those for Class A 


and Class B piles as specified in Sec- 
tion 8. 

Diameter 

16. The methods of measurement of 
diameter and the permissible variations 
in diameter shall be identical with those 
for Class A and Class B piles as specified 
in Section 9. The recommended sizes 
are given in Table I. 

Length 

17. The requirements for length shall 
be identical with those for Class A and 
Class B piles as specified in Section 10. 

Straightness 

18. The requirements relating to 
straightness shall be identical with 
those for Class A and Class B piles as 
specified in Section 11. 



Standard Specifications for 
WOODEN PAVING BLOCKS FOR EXPOSED PAVEMENTS^ 



A.S.T.M. Designation; D 52 - 20 
Adopted, 1920.2 

This Standard of the American Society for Testing Materials is issued uiider 
the fixed designation D 52; the final number indicates. the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover wooden 
paving blocks for pavements exposed to 
alternate wet and dry conditions, as 
distinguished from pavements which are 
used under cover and protected from 
atmospheric influences. 

Kind of Timber 

2. The wood, which shall be treated, 
shall be southern pine, Douglas fir, 
tamarack, Norway pine, hemlock, or 
black gum. Only one kind of wood 
shall be used in any one contract. The 
blocks shall be sound; shall be well manu- 
factured, square-butted, and square- 
edged; and shall be free from unsound, 
loose, or hollow knots, knot holes, worm 
holes, and other defects such as shakes, 
checks, etc. that would be detrimental 
to the blocks. 

Quality of Timber 

3. {a) Number of Annual Rings.— 
The number of annual rings in the 1 in. 

' Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-7 on Timber. 

“ Prior to adoption as standard, these specifications 
were published as tentative from 1918 to 1920, being revised 
in 1920, Editorially revised and rearranged in 1939. 


which begins 2 in. from the pith of the 
block shall not be less than six, measured 
radially; provided, however, that blocks 
containing between five and six rings 
in this inch shall be accepted if they 
contain 33| per cent or more summer- 
wood. In case the block does not con- 
tain the pith, the 1 in. to be used shall 
begin 1 in. away from the ring which is 
nearest to the heart of the block. 

(b) Heartu'ood . — The blocks in each 
charge shall contain an average of at 
least 70 per cent of heartwood. No one 
block shall be accepted that contains 
less than 50 per cent of heartwood. 

Size of Blocks 

4. The blocks shall be from 5 to 10 
in. in length, but should preferably 
average two times the depth; they shall 
be .... in. in depth.® They may be 
from 3 to 4 in. in width, but in any 
one city square all of them shall be of 
uniform width. Permissible variations 
from the specified dimensions shall not 

* It is recommended that blocks 4 in. in depth be used 
for streets with very heavy traffic, and blocks 3}4 in. in 
depth for streets with moderate traffic. For streets with 
light traffic, blocks 3 in. in depth may be used, but where 
3-in. blocks are used no block shall be longer than 8 in. 
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exceed m. in depth and | in. in 
width, except that in all cases the width 
shall be greater or less than the depth 
by at least | in. 

Preservative 

5. The preservative used shall be 
coal tar paving oil or distillate oil, as 
specified by the purchaser. 

Preservative Treatment 

6. (a) The timber may be either air- 
seasoned or green, but should preferably 
be treated within three months from the 
time it is sawed. Green timber and 
seasoned timber shall not be treated 
together in the same charge. The blocks 
shall be treated in an airtight cylinder 
with the preservative specified by the 
purchaser. In all. cases, whether thor- 
oughly air-seasoned or green, they shall 
be first subjected to live steam at a 
temperature between 220 and 240 F.^ 
for not less than 2 nor more than 4 hr. 
at the discretion of the treating plant 
operator, after which they shall be 
subjected to a vacuum of not less than 
22 in. maintained for at least 1 hr. 
While the vacuum is still on, the pre- 
servative oil, heated to a temperature of 
between 180 and 220 F., shall be run in 
until the cylinder is completely filled, 
care being taken that no air is admitted. 
Pressure shall then be gradually applied 
not to exceed 50 psi. at the end of the 
first hour nor 100 psi. at the end of the 
second hour, and then maintained at not 
less than 100 psi. nor more than 150 psi. 
until the wood has absorbed the re- 
quired amount of oil.® 

(b) After this a supplemental vacuum, 
in which the maximum intensity reached 
is at least 20 in. and the time the vacuum 

< In no case shall a steam pressure of 20 psi. be ex- 
ceeded.. 

This treatment is recommended for southern pineonly. 
It is probably also suited to Norway pine, hemlock, black 
gum, and tamarack, but not to Douglas fir. Further 
recommendations on the treatment of these species are 
reserved for the future. 


is applied not less than 30 min., shall be 
applied. If desired, this vacuum may 
be followed by a short steaming period. 

Penetration of Preservative 

7. In any charge, blocks shall contain 
at least 16 lb. of water-free oil per cubic 
foot of wood at the completion of the 
treatment. The blocks after treatment 
shall show satisfactory penetration of the 
preservative, and in all cases the oil 
shall be diffused throughout the sap- 
wood. To determine this, at least 25 
blocks shall be selected from various 
parts of each charge and sawed in half 
perpendicular to the fibers through the 
center, and if more than one of these 
blocks show untreated sapwood, the 
charge shall be re-treated. After re- 
treating, the charge shall be again sub- 
jected to a similar inspection. 

Handling Blocks After Treatment 

8. Blocks shall preferably be laid in 
the street as soon as possible after being 
treated. If they cannot be laid immedi- 
ately, provision shall be made to prevent 
them from drying out by stacking in 
close piles and covering them, and, if 
possible, by sprinkling them thoroughly 
at intervals. In any case, when they 
are not laid as soon as they are received 
at the site of the work, they shall be well 
sprinkled under the direction of the 
purchaser about two days before being 
laid. It is important to have the wood 
sufficiently wet to be swelled to its 
maximum size before it is laid. 

Inspection at Plant 

9. AE material prescribed in these 
specifications and processes used in the 
manufacture of the blocks therefrom 
shall be subject to inspection, accept- 
ance, or rejection at the plant of the 
manufacturer, which shall be equipped 
with aE the necessary gages, appliances. 
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and facilities to enable, the inspector to 
satisfy himself that the requirements of 
the specifications are being fulfilled. 

Inspection at Site of Work 

10. The purchaser shall have the fur- 
ther right to inspect the blocks after 


delivery at the site of the work, for.tlie 
purpose of rejecting any blocks that do 
not conform to these specifications; ex- 
cept that the inspections at the plant 
shall be final with respect to the kind of 
wood, number of rings per inch, oil, and 
treatment. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: 07-1939 


Standard Speciji cations for 

STRUCTURAL WOOD JOIST AND PLANK, BEAMS AND 
STRINGERS, AND POSTS AND TIMBERS^ 



A.S.T.M. Designation: D 24S - 37 
Adopted, 1937.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 245; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


These specifications were prepared jointly by the American Railway 
Engineering Association and the American Society for Testing Materials 


General Requirements 

Applying to All Stress-Grades 
and Items 

Manufacture 

1. All material shall be well manu- 
factured. 

Quality of Wood 

2. No piece of exceptionally light 
weight shall be permitted. 

Decay 

3. Only pieces consisting of sound 
wood free from any form of decay shall 
be acceptable, unless otherwise specified. 

Slope of Grain 

4. Slope of grain shall be measured 
over a distance sufficiently great to 
determine the general slope disregarding 
slight local deviations. Within the 


1 Under the standardiaation procedure of the Society 
these specifications are under the jurisdiction of tc 
A.S.T.M. Committee D-7 on Timber. 


middle half of length of piece, slope of 
grain shall not be steeper than specified. 

Holes 

5. Knot holes and holes from causes 
other than knots shall be measured and 
limited as provided for knots. 

Cluster Knots 

6. Cluster knots and knots in groups 
shall not be permitted. 

Knots in Joist and Plank 

7. {a) Knots on Narrow Faces . — ■ 
Size of knot on a narrow face shall be 
taken as the width between lines en- 
closing the knot and parallel to the 
edges of the piece. The only knots 
measured on narrow faces, except spike 
knots which cross the corners of side- 


2 Prior to their present 'adoption as standard, these 
specifications were published as tentative from 1926 to 
1927, being revised in 1927. They were adopted in 1927 , 
revised in 1929, 1930, and 1933, but withdrawn and repub- 
lished as tentative from 1936 to 1937. Editorially revised 
and rearranged in 1939. 


712 


Specifications for Structural Timbers (D 245 ~ 37) 


cut pieces, shall be those that do not 
show on wide faces. 

(b) Knots on Wide Faces. — Size of 
knot on a wide face shall be the average 
of its largest and smallest diameters. 
A spike knot which crosses a corner of a 
side-cut piece and contains the inter- 
section of the adjacent faces, or which 
extends entirely across a face of a piece, 
shall be measured only on its end or 
ends, between lines parallel to the edges 
of the piece. 

(c) Permissible Increase in Knot Sizes. 
“Size of knots on narrow faces and at 
edges of wide faces may increase pro- 
portionately from the size permitted in 
the middle third of the length to twice 
that size at ends of the piece. Size of 
knots on wide faces may increase pro- 
portionately from the size permitted at 
the edge to the size permitted along the 
center line. 

(d) Sum of Knots. — Sum of sizes of 
all knots within the middle half of the 
length of any face, measured as specified 
in Paragraph (a) or {b) for the face 
under consideration, shall not exceed 
four and one-half times the size of the 
largest knot allowed on that face. 

Knots in Beams and Stringers 

8. {a) Knots on Narrow Faces. — Size 
of knot on a narrow face shall be taken 
as the width between the lines enclosing 
the knot and parallel to the edges of the 
piece except that when a knot on a 
narrow face extends into the adjacent 
one-fourth of the width of a wide face 
its least dimension shall be taken as its 
size. 

(b) Knots on Wide Faces. — Size of 
knot on a wide face shall be its smallest 
diameter. Knots at the edges of wide 
faces shall be limited to the same sizes 
as on narrow faces but are measured as 
specified in this paragraph. 

(c) Permissible Increase in Knot Size. 
— Size of knots on narrow faces and at 
the edges of wide faces may increase 

^ ' ■ ' 


proportionately from the size permitted 
in the middle third of the length to 
twice that size at the ends of the piece, 
except that no knot shall exceed the size 
permitted along the center line of a wide 
face. Size of knots on wide faces may 
increase proportionately from the size 
permitted at the edge to the size per- 
mitted along the center line. 

(d) Sum of Knots. — Sum of sizes of 
all knots within the middle half of the 
length of any face, measured as specified 
in Paragraph (a) or (b) for the face under 
consideration, shall not exceed four 
times the size of the largest knot allowed 
on that face. 

Knots in Posts and Timbers 

9. (u) Knots on Either Face. — Size 
of a knot on either face shall be half the 
sum of its largest and smallest diameters. 
A spike knot which crosses a corner of a 
side-cut piece and contains the inter- 
section of the adjacent faces, or which 
extends entirely across a face of a piece, 
shall be measured only on its end or 
ends, between lines parallel to the edges 
of the piece. 

{b) Sum of Knots. — Sum of sizes of 
all knots in any 6 in. of the length of 
piece, measured as specified in Paragraph 
(a), shall not be permitted to exceed 
twice the maximum permissible size of 
knot. Two knots of the maximum 
permissible size shall not be permitted 
in the same 6 in. of length on any face. 

Shakes, Checks, Splits in Joist and 

Plank and Beams and Stringers 

10. (fl) Shakes, checks, and splits, 
when permitted in the grade specified 
later in these specifications, shall be 
measured at the ends of the piece. Only 
those within the middle half of the 
height shall be considered. (The height 
equals the width of the wide face.) 
Size of shake is the distance between 
the lines enclosing the shake and parallel 
to the wide faces of the piece. Per- 



SPECIPICATIONS POE SlEtJCTTOAL TIMBERS (D 245 - 37) 


713 


missible size is determined by the width 
of the narrow face of the piece. 

(b) Checks and splits shall be meas- 
ured and limited in the same way as 
shakes. The following limitations apply 
to both ends but only within the middle 
half of the height of the piece and within 
three times the height from the end. 
(The height equals the width of the 
wide face.) Size of checks within this 
portion of the piece shall be taken as 
their estimated area, along the horizontal 
section showing maximum area, divided 
by three times the height of the piece 
(Note). When checks on two parallel 
faces are opposite or approximately so, 
the sum of their sizes shall be taken. 
The sum of sizes of shakes, checks, 
and/or splits shall not exceed the per- 
missible size of shake. 

(c) Checks extending entirely across 
the end within the middle half of the 
height shall not extend into the piece 
at the center of width of end a distance 
greater than tlie size of the allowable 
shake. 

Shakes, Checks, Splits in Posts and 

Timbers 

11. (a) Shakes, checks, and splits, 
when permitted in the grade specified 
later in these specifications, shall be 
measured at the ends of the piece. Size 
of a shake is the distance between the 
lines enclosing the shake and parallel 
to a pair of opposite faces. 

(b) Checks and splits shall be meas- 
ured and limited in the same way as 
shakes. Size of checks within three 
times the width of the piece from either 
end shall be taken as their estimated 
area, along the longitudinal section 
showing maximum area, divided by 
three times the width of the piece 
(Note). Sum of sizes of shakes, checks, 
and/or splits shall not exceed the per- 
missible size of shake. 

(c) Checks extending entirely across 


the end shall not extend into the piece 
at the center of width of end, a distance 
greater than the size of allowable shake. 

Note. — A practical method of inspection in 
the field to determine the size of checks and 
splits under the above specification is as follows: 

The size of checks within the specified portion 
of the piece shall be taken as the sum of seven 
depth measurements, one on the end and three 
on each side, divided by three. Each measure- 
ment shall represent the greatest depth of any 
check within the center half of the height; the 
measurement on the end shall be taken at the 
center of the width, and, the three measurements 
on each side shall be taken at distances of one, 
two, and three times the height of the piece 
from the end in joist, plank, beams and stringers, 
and the width of the piece from the end in posts 
and timbers. Each measurement shall be deter- 
mined by the penetration into the piece of a 
probe ok iu- iu thickness and in. in width. 

Optional and Additional 
Requirements 

Applying to Stress-Grades when Heart- 

wood or Wane, and When Density 
and Close Grain Are Required 

Heartwood Requirements 

12. {a) When heartwood material is 
desired it shall be specified in terms of 
the amount or percentage of heartwood 
on the girth, or on each face, side, or 
edge, measured at the point where the 
greatest amount of sapwood occurs, 

(6) For all timber to be pressure 
treated there shall be no heartwood 
requirement and the amount of sapwood 
shall not be limited. 

Wane 

13. When wane is not desired, the 
specifications should state “Square 
Edge.” 

Density (when required) of Dense 

Douglas Fir ' 

14. (a) Dense Douglas Fir shall aver- 
age on either one end or the other of 
each piece not less than six annual rings 


714 


Specieications eor Structueal Timbers (D 245 - 37) 


per inch,, and, in addition, one-third or 
more siimmerwood (the darker, harder 
portion of the annual ring) measured 
over 3 in. on a line at right angles to the 
annual rings, located as described below. 
The contrast in color between summer- 
wood and springwood shall be distinct. 

(b) Coarse-grained material excluded 
by this rule shall be accepted as dense 
if averaging one-half or more summer- 
wood. 

(c) In boxed-heart pieces the line 
shall run from the pith, to the corner 
farthest from the pith, except that when 
the line is not representative it shall be 
shifted sufficiently to present a fair 
average, but the distance from the pith 
to the beginning of the 3-in. portion of 
the line shall not be changed. When 
the least dimension is 6 in. or less, the 
3-in. portion of the line shall begin at a 
distance of 1 in. from the pith. When 
the least dimension is more than 6 in., 
the 3-in. portion of the line shall begin 
at a distance from the pith equal to one- 
fourth the least dimension of the piece. 

(d) In side-cut pieces (pith not pres- 
ent) the center of the 3-in. portion of 
the line .shall be at the center of the end 
of the piece; if a 3-in. portion of the line 
cannot be obtained, the measurement 
shall be made over as much of a 3-in. 
portion as is available. 

(e) In case of disagreement, two radial 
lines shall be chosen and the summer- 
wood and number of rings shall be taken 
as the average on these lines. 

Density (when required) of Dense 

Longleaf or Shortleaf Yellow Pine 

15. (a) Dense longleaf or shortleaf 
yellow pine shall average on either one 
end or the other of each piece not less 
than six annual rings per inch, and, in 
addition, one-third or more summerwood 
(the darker, harder portion of the 
annual ring), measured over the third, 
fourth, and fifth inches of a radial line 


from the pith. The contrast in color 
between summerwood and springwood 
shall be sharp and the summerwood 
shall be dark in color, except in pieces 
having considerably above the minimum 
requirement for summerwood. 

(b) Coarse-grained material excluded 
by this rule shall be accepted as dense 
if averaging one-half or more summer- 
wood. 

(c) The radial line shall be representa- 
tive of the average growth of the cross- 
section. In case of disagreement, two 
radial lines shall be chosen, and the 
number of rings per inch and percentage 
of summerwood shall be taken as the 
average determined on these lines. 

(d) In boxed-heart pieces the measure- 
ment shall be made over the third, 
fourth, and fifth inches from the pith 
along the radial line. 

(e) In material containing the pith, 
but not a 5-in. radial line, which is less 
than 2 by 8 in. in section or less than 
8 in. in width, that does not show over 
16 sq. in. on the cross-section, the in- 
spection shall apply to the second inch 
from the pith. In larger material that 
does not show a 5-in. radial line, the 
inspection shall apply to the three inches 
farthest from the pith. 

(/) In cases where timbers do not 
contain the pith and it is impossible to 
locate it with any degree of accuracy, 
the same inspection shall be made over 
3 in. on an approximate radial line be- 
ginning at the edge nearest the pith in 
timbers over 3 in. in thickness and on 
the second inch nearest the pith in 
timbers 3 in. or less in thickness. 

Close Grain (when required) of Close- 

Grained Douglas Fir, or Redwood 

16. (a) Close-grained Douglas fir shall 
average on either one end or the other 
of each piece not less than six nor more 
than twenty annual rings per inch; 
close-grained redwood shall average on 
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either one end or the other of each piece 
not less than ten nor more than thirty- 
five annual rings per inch. The rings 
shall be measured over 3 in. on a line 
at right angles to the annual rings, lo- 
cated as described below. 

(b) In boxed-heart pieces the line 
shall run from the pith to the corner 
farthest from the pith except that when 
the line is not representative it shall be 
shifted sufficiently to present a fair 
average, but the distance from the pith 
to the beginning of the 3-in. portion of 
the line shall not be changed. When 
the least dimension is 6 in. or less, the 
3-in. portion of the line shall begin at a 
distance of 1 in. from the pith. When 
the least dimension is more than 6 in.. 


the 3-in. portion of the line shall begin 
at a distance from the pith equal to one- 
fourth the least dimension of the piece. 

(c) 111 side-cut pieces (pith not pres- 
ent) the center of the 3-in. portion of the 
line shall be at the center of the end of 
the piece. If a 3-in. portion of the line 
cannot be obtained, the measurement 
shall be made over as much of a 3-in. 
portion as is available. 

(d) In case of disagreement, two radial 
lines shall be chosen and the number of 
rings shall be taken as the average on 
these lines. 

(e) Pieces of Douglas fir averaging 
five rings, or more than twenty, shall be 
accepted if they contain one-third or 
more summerwood. 


STRESS-GRADES 
I. Joist and Plank 

= Extreme fiber stress in bending in pounds per square inch for continuously dry locations. 

1800 lb. / Structural Joist and Plank 

Dense Douglas Fir (Coast Region) Dense Longleaf Southern Pine 

Dense Douglas Fir (Inland) Dense Shortleaf Southern Pine 

Slope of Grain . — 1 in 12. 

Knots . — Maximum permissible size in inches: 

On Nakkow Face, 

Nominal oe at Edge of Ax Center 

Width of Wide Face, Middle Line of 
Face, in. Third of Length Wide Face 


2 



3 



4 



4.... 

I in.) 

1| in 

6. . . . 

. . 1 in. At 

1| in 

8.... 

. . If in. Edge 

2| in 

10. . . . 

. . 1| in. j-of 

3i in 

12. . . . 

. . 2| in. Wide 

3|in 

14.... 

. . 2J in. Face 

4| in 

16. . . . 

. . 21 in.. 

4|in 


Width of Narrow 
Face 

When When 

Shakes, Checks, Splits: Green Seasoned 

1201b. Shear Grade (Fix) ^ i 

120 lb. Shear Grade (Pine) t 

Wane i Width of any 

face 
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1600 lb. / Structural Joist and Plank 


Close-Grained Douglas Fir (Coast Region) 
Slope of Grain . — 1 in 12, 

Knots . — Maximum permissible size in inches: 
Om Narrow Face, 

Nominal or at Edge of At Center 

WiuTii OF Wide Face, Middle Line of 
Face, in. Third of Length Wide Face 


2.... 

.. fin. 




3.... 

. . 1 in. 

[Narrow 



4.... 

. . U in.j 

Face 



4.... 

1 in. 


n 

in. 

6 . . .. 

. . 1 in. 

At 

U 

in. 

8 . . . . 

.. liin. 

Edge 

21 

in. 

10 

.. llin. 

■of 

31 

in. 

12. . . . 

.. 2-1 in. 

Wide 

31 

in. 

14. . . . 

.. 2|in. 

Face 

4| 

in. 

16. . . . 

. . 2\ in.j 


41 

in. 


Width of Narrow 
Face 

When When 

Green Seasoned 
X X 

5 Width of any 
face 


Shakes, Checks, Splits: 

100 lb. Shear Grade. . 
Wane 


Dense Longleaf Southern Pine 
Dense Shortleaf Southern Pine 
Slope of Grain.— \ in 12. 

Ktiols . — Maximum permissible size in inches: 
On Narrow Face, 

Nominal or at Edgf op At Center 

Width of IVide Face, Middle Line of 
f Length Wide Face 

On 

Narrow 

Face 


At 

Edge 

of 

Wide 

Face 


Shakes, Checks, Splits: 

120 lb. Shear Grade, ... , „ 

Wane •! Width of any 

face 


1| in. 

2 1 in. 

3 in. 

3j in, 

4^ in, 

41 in. 

S| in. 

Width of Narrow 
FaiE 

When When 

Green Seasoned 
-A. a 


CE, IN. iHip 


2. ... 

.. fin.' 

3.... 

. . 1-1 in. 

4.... 

. . H in.^ 

4. ... 

. . i in.' 

6 

. . Ij in. 

8. ... 

. . li in. 

10.... 

.. 21 in. 

12.... 

. . 21 in. 

14. . . . 

in. 

16. . . . 

.. 2Im.j 


Close-Grained Redwood 


Slope of Crain.— 1 in 16. 

Knots . — Maximum permissible size in inches: 



On Narrow Face, 


Nominal 

OR at Edge of 

At Center 

Width of 

Wide Face, Middle 

Line of 

Face, in. 

Third of Length 

Wide Face 

2 

. t in.] 



3 

. I in. 



4 


Face 


4 

1 in.l 

fin. 

6 

. fin. 

At 

l| in. 

8 

. fin. 

Edge 

If in. 

10 

. 1| in. 

of 

21 in. 

12 

. U in. 

Wide 

2§ in. 

14 

. If m. 

Face 

2f in. 

16 

. U in-J 

3 in. 

Width of Narroi 
Face 

W'hen When 


Shakes, Checks, Splits: Green Seasoned 

80 lb. Shear Grade, 

Wane 


I Width of any 
face 
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1400 lb. / Structural Joist and Plank 


Tidewater Red Cypress 


Oak 


Slope of Grain . — 1 in 14. 

Knots and Pec/i.— Maximum permissible size in 
inches: 

On Naerow Face, 

NoMINAI, OB AT EdGE OE At CENTER 

Width OF Wide Face, Middle Line of 
Face, IN. Third of Length Wide Face 


2. . . . 

5 

in. 

On 


3.... 

1 

in. 

Narrow 


4.... 

.. u 

in. 

Face 


4.... 

.. 1 

in. 


U in 

6 .... 

.. 1 

in. 

At 

If in 

8 . . . . 

.. u 

in. 

Edge 

2| in 

10.... 

.. 11 

in. 

•of 

2i in 

12. . . . 

.. ll 

in. 

Wide 

3| in 

14. . . . 

.. 2 

in. 

Face 

3i in 

16. . . . 

.. 2i 

in.j 


4| in 


WToth of Narrow 
Face 

When When 

Shakes, Checks, Splits: Green Seasoned 

120 lb. Shear Grade I 

Wane ...I i Width of any 

face 


Slope of Grain . — 1 in 12. 

Knots . — Maximum permissible size in inches; 


On Xaksow Face, 

NoyiNAt OR AT Fuof. op At Center 

Width OF Wide Face, Middle Line of 
Face, m. Third of Length Wide Face 

2 I in.] On 

3 1 in.VNarrow 

4 llin.jFace ...... 


4.... 

. . 1 in. 


6.... 

.. l|in. 

At 

8.... 

.. iHn. 

Edge 

10.... 

.. liln. 

of 

12. . . . 

.. 2Hn. 

Wide 

14.. .. 

. . 2% in. 1 

Face 

16.... 

.. 2im.J 



Shakes, Checks, Splits: 

120 lb. Shear Grade. 
Wane 


1 i m* 

2 in. 

2| in. 

3| in. 

4 in. 

4i in. 

4g in. 

Width of Narrow 
Face 

When When 

Green Seasoned 

i i 

i Width of any 
face 


Dense Longleae Southern Pine 


Close-Grained Redwood 


Slope of Grain . — 1 in 10. 

Knots . — Maximum permissible size in inches; 
On Narrow Face, . 

Nominal ok at Edge of At Center 

Width OF Wide Face, Middle Line of 
Third of Length Wide Face 


2 . , 

• i in.l 



2. . . . 

. . ^ in.l 




3 . . 

• l|in. 



3 

. . i in. 




4 


Face 


4 

. . l| in. 

Face 



4 

. 1 in.l 

If in. 

4.... 

1 in.l 

la- in. 

6 

. li in. 

At 

2| in. 

6. . . . 

. . i in. 

At 

1 

in. 

8 

. 2 in. 1 

Edge 

■of 

3| in. 

4f in. 

8 

. . 1| in. 

[Edge 

^of 

2- 


10 

. 2| in., 

10 

.. 1| in. 

2 

in. 

12 

. 3 in. 

Wide 

5J in. 

12 

. . 1| in. 

Wide 

3 

in. 

14 

, 3? in. 

Face 

5 1 in. 

14. . . . 

. . 2 in. 

jPace 

3 

in. 

16 

. 3| in.^ 


6 in. 

16.... 

.. 2iin.J 


3- 

in. 


Width of Narrow 
Face 

When When 
Green Seasoned 


Shakes, Checks, Splits: 

100 lb. Shear Grade 1 

Wane Width of any 

face 


Slope of Grain . — 1 in 14. 

Knots . — Maximum permissible size in inches: 
On Narrow Face, 

Nominal ok at Edge of 

Width OF Wide Face, Middle 

Face, in. Third of Length 


At Center 
Line of 
Wide Face 


Width of Narrow 
Face 

When When 
Green Seasoned 


Shakes, Checks, Splits: 

80 lb. Shear Grade f 

Wane i Width of any 

face 
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.SpECiFlCATtONS tola Stritctijral TMfeERs;'(D'245'.-^'37) 


1200 lb. / Structural Joist and Plank 


Port Ortord Cedar 

Douglas Fir (Coast Region) 

Slope of Grain- 

-1 in 14. 


Slope of Grain.- 

— 1 in 10. 


Knots . — Maximum permissible size in inches: 

Knots . — Maximum permissible size in inches: 





On Narrow Face, 




At Center 

Nominal 

or AT Edge or 

Ax Center 



Line OR 

IViDTH OR 

Wide Face, Middle 

Line or 

Face, in. 

Third or Length 

Wide Face 

Face, in. 

Third or Length 

Wide Face 

2 

5 in. 

On 


2 

|m. 

On 


3. 

fin. 

[Narrow 


3 

Urn. 

Narrow 


4....... 

1| in., 

Face 


4. 

If in.) 

Face 


4 

fin. 


It in. 

, 4 

1 in.) 


If in. 

6 

|in. 

At 

If in. 

6 

1| in. 

At 

2-Hn. 

8 

H in. 

Edge 

2|in. 

8 

2 in. 

Edge 

3-| in. 

10. ...... 

1|- in. 

of 

2| in. 

10 

2| in. 

tof 

4t in. 

12 

l|in. 

Wide 

3| in. 

12 

3 in. 

Wide 

5t in. 

14 

2 in. 

Face 

3|in. 

14 

3| in. 

Face 

S| in. 

16 

2| in., 


3| in. 

16 

3| in.. 


6 in. 



Width of Narrow 



Width op Narrow 




Face 




Face 



When When 



W'hen When 

Shakes, Checks, Splits; 

Green Seasoned 

Shakes, Checks, Splits; 

Green Seasoned 

100 lb. Shear Grade 


100 lb. Shear Grade 

1 1 

Wane 


• • •« 

Width of any 

Wane 


1 

Width of any 




face 




face 

Dense, Shoetleae Southern Pine 

Close-Grained Redwood 

Slope of Grain.- 

— 1 in 8. 



Slope of Grain.- 

-1 in 12. 


Knots . — Maximum permissible size in inches; 

Maximum permissible size in inches: 


On Narrow Face, 



On Narrow Face, 


Nominal 

OR AT Edge or 

At Center 

Nominal 

or AT Edge or 

.At Center 

Width or 

W'iDE Face, Middle 

Line or 


Wide Face, Middle 


Face, in. 

Third or Length 

Wide Face 

Face, in. 

Third or Length 

Wide Face 

2 

1 in. 

On 


2 

f in. 

lOn 


3 

U in.lNarrow 


3 

l| in. 

[Narrow 


4 

2 in 

Face 


4 

1| in. 

Face 


4 

11 in 


2 in. 

4 

1 in. 


If in. 

6.. 

If in 

At 

3 in. 

6 

1| in. 

At 

21 in. 

8 

2|in 

Edge 

3| in. 

8 

If in. 

Edge 

2|in. 

10...... 

2-1 in 

of 

4| in. 

10 

2 in. 

iof 

3f in. 

12. 

31 in 

Wide 

5i in. 

12 

2| in. 

Wide 

4| in. 

14 

H in 

Face 

6| in. 

14 

2-1 in. 

Face 

4| in. 

16...... 

4 in 


6fin. 

16 

2f in. 


5 in. 



W'lDTH OR Narrow 



Width of Narrow 




Face 







When W^hen 




Shakes, Checks, Splits; 

Green Seasoned 

Shakes, Checks, Splits; 

Green Seasoned 

100 lb. Shear Grade 

A- 1 

70 lb. Shear Grade 


t f 

Wane 



Wane 






face 




face’ 



1100 lb. / Structural Joist and Plank 


Port Orford Cedar 

Tidewater Red Cypress 

Slope of Grain.- 

~1 in 12. 


Slope of Grain.— 

-linlO. 


Maximum permissible size in inches: 

Knots and Peck. 

— ^Maximum permissible size in 


On Narrow Face, 


inches: 




Nominal 
Width of 

Face, in. 

OR AT Edge of 
Wide Face, Middle 
Third of Length 

At Center 

Line of 

W’lDE Face 

Nominal 

Width of 

On Narrow Face, 

OR AT Edge of At Center 

Wide Face, Middle Line of 

2 

fin. 

[On 


Face, in. 

Third of Length Wide Face 

3 

1 in. 

Narro-vv 


2 

fin.l 

On 


4 

If in. 

Face 


3 

liin. 

Narrow 

4 

fin-l 


li in. 

4 

If in. 

Face 


6. . . . ... 

li in. 

At 

2 in. 

4....... 

1 m.l 


If in. 

8 

1| in. 

Edge 

2| in. 

6 

If in. 

At 

2\ in. 

10 

1-1 in. 

of 

oz in. 

8 

If in. 

Edge 

3| in. 

12 

2iin. 

Wide 

4 in. 

10 

2f in. 

[of 

4f in. 

14 

2| in. 

Face 

4J in. 

12 

2f in. 

Wide 

5 in. 

16 

21 in. 


4f in. 

14 

3 in. 

Face 

5| in. 



Width op Narrow 

16 

3f in. 


5f in. 



When When 




Width OF Narrow 
Face 

Shakes, Checks, Splits: 

Green Seasoned 




SO lb. Shear Grade 


A 

Shakes, Checks, S plUs: 


Green Seasoned 

Wane 


i Width of any face 

100 lb. Shear Grad 

e. . . 

. 3. 

i i 





Wane 


Width of any face 


Oak 

Slope of Grain. — 1 in 10. 

Knots. — Maximum permissible size in inches: 

On Narrow Face, or at Edge of Wide Face, 

Nominal Width OF Face, IN. Middle Third of Length At Center Line of Wide Face 


2 

1 in. 

On 


3 




4 




4 

1 in. 


If in. 

6 

I's in. 

At 

2f in. 

8 

2 in. 

Edge 

Si in. 

10 

2-1 in. 

■of 

4| in. 

12 

3 in. 

Wide 

5|in. 

14 

31 in. 

Face 

Sf in. 

16 

3| in.. 


6-f in. 


Width of Narrow Face 
When Green When Seasoned 

Shakes, Checks, Splits: 100 lb. Shear Grade /g | 

Wane J Width of any face 


1000 lb. / Structural Joist and Plank 
Western Reo Cedar 

Slope of Grain.— I in 14. 

Knots. — Maximum permissible size in inches: 

On Narrow Face, or at Edge of Wide Face, 

Nominal Width of Face, in. Middle Third of Length At Center Line of Wide Face 



i in.l 




3 

-|in. 

[On Narrow Face 



4 

Ig in.j 




4 

1 in.] 


It- 

in. 

6 



If 

in. 

8 



2i 

in. 

10 

1| in. 

■At Edge of W ide F ace 

2| 

in. 

12 

If in. 1 


31 

in. 

14 

2 in.i 


3f 

in. 

16 

2iin., 


Os 

in. 


Width of Narrow Face 
•When Green When Seasoned 

Shakes, Checks, Splits: 100 lb. Shear Grade. | 

Wane i Width of any face 
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II. Structural Beams and Stringers 

■■ Extreme fiber stress in bending in pounds per square inch for continuously dry locations 
1800 lb. / Structural Beams and Stringers 


Dense Douglas Fir (Coast Region) Dense Longleaf Southern Pine 

Dense Douglas Fir (Inland) Dense Shortleaf Southern Pine 

Slope of Grain . — 1 in 15. Maximum permissible size in inches: 

On Narrow Face, Middle Third 


Nominal Width 

5 

6 


E' Face, i 


At Center Line or Wide Face 


Ig in. 

liin. 

8 1 1 in. 

10 Ijiti. 

12 Igin. 

14 2| in. 

16 2.Hn. 

18 

20 


Shakes, Checks, Splits: 

120 lb. Shear Grade (Fir) i 

120 lb. Shear Grade (Pine) rs 

Wane ‘ 


1| in. 

2i in. 

21 in. 

2| in. 

3i in. 

3f in. 

31 in. 

Width of Narrow Face 
When Green When Seasoned 


I Width of any face 


1600 lb. / Structural Beams and Stringers 


Close-Grained Douglas Fir (Coast Region) 
Slope of Grain . — 1 in IS. 

Knots . — Maximum permissible size in inches; 

On Narrow 


Nominal 
Width of 

Face, Middle 
Third op 

At Center Line 


Face, in. 

Le.ngth 

OF W IDE Face 


5...... 



Face, in. 

6 



5... 

8 

Ig in. 

li in. 

6... 

10 

*l — 

2k in. 

2i in. 

8... 

12 

Is in. 

10... 

14 

2| in. 

21 in. 

12... 

16 

2i in. 

3i in. 

14... 

18 


31 in. 
in. 

Width op Narrow 

16.. . 

20 


18. . . 



20... 


Face 

When When 

Shakes, Checks, Splits: Oreen Seasoned 

100 lb. Shear Grade ... ^ | 

Wane | Width of any face 


Dense Longleaf Southern Pine 
Dense Shortleaf Southern Pine 
Slope of Grain . — 1 in 12. 


On Narrow 
Face, Middle 
Third of 
Length 


la in. 
l| in, 
2| in. 
2| in, 
2 ^ 
2|in. 
3 


2| in. 

3| in. 

3f in. 

4 in. 

4-1 in. 

4f in. 

4| in. 
Width of Narrow 
Face 

When When 

Shakes, Checks, Splits: Green Seasoned 

120 lb. Shear Grade. . . fV f 
Wane Width of any face 


Close-Grained Redwood 

Slope of Grain.—l in 20. 

Knots . — Maximum permissible size in inches: 

On Narrow Face. Middle Third 
Nominal Width of Face, in. . of Length 

5 

6 . 

8 

10 

12 

14.. ....... 

16 .. .. 

18 

20 


At Center Line of Wide Face 


|in. 


1 in. 


i in. 

1 in 

1 in. 

1 in 

I in. 

fin 

f in. 

1 in 

1 in. 

1 in 


1 

1 in. 

Width of Narrow Face 
When Green When Seasoned 

Shakes, Checks 80 lb. Shear Grade | | 

Wo’^e. ■ • . i ... Width of any face 

720 
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1400 lb. / Structural Beams and Stringers 


Tidewater Red Cypress 


Oak 


Slope of Crain.— 

1 in 16. 


Slope of Grain.— 

-1 in 15. 



Knots and PecA.— Maximum permissible size in 

Knots . — Maximum permissible size in inches: 

inches: 



Nominal 

On Narrow Face, 





Width of 

Middle Third 

At Center Line 


Middle Third 

At Center Line 

Face, in. 

OF Length 

OF Wide Face 

Face, in. 

OF Length 

OF Wide Face 

5 

... li in. 


5 

... 1 in. 


6 

... 1| 

in. 


6 

... 1| in. 


8 

... If 

in. 

2 in. 

8 

... M in. 

li in. 

10 

... 2 

in. 

2^ in. 

10 

... U in. 

If in. 

12 


in. 

3 in. 

12 

... 1| in. 

2f in. 

14 

... 21 

in. 

31 in. 

14 

... If in. 

2| in. 

16 

. . . . 2Hn. 

31 in. 

16 



18 




18 


2iin. 

20 , 




20 


3 in. 



Width 

OF Narrow Face 


Width 

OF Narrow Face 

Shakes, Checks, Splits: 

When Green When Seasoned 

Shakes, Checks, Splits: When Green When Seasoned 


... 4 

4 

120 lb. Shear Grade. . . fs 

x 

Wane 



Wane 

i Width of any face 





Dense Longleaf Southern Pine 

Close-Grained Redwood 

Slope of Grain.— 

1 in 10. 


Slope of Grain.— 

-1 in 18. 



Knots . — Maximum permissible size in inches: 

Knots . — Maximum permissible size in inches: 


On Narrow Face, 


Nominal 

On Narrow Face, 



Middle Third 

At Center Line 

Width of 

Middle Third 

At Center Line 

Face, in. 

OF Length 

OF Wide Face 

Face, in. 

OF Length 

OF Wide Face 

S 

... 2 in. 


5 


in. 


6 

... 2| in. 


6 

... 1 

in. 


8 

... 2f in. 

3| in. 

8 

... 1 

in. 

1| in. 

10 

... 3| in. 

4 in. 

10 

... 1 

in. 

If in. 

12 

... 31 in. 

4| in. 

12 

... 1 

in. 

21 in. 

14 

... 3| in. 

Sf in. 

14 

... 1 

in. 

2| in. 

16 

... 4 in. 

5f in. 

16 

... 1 

in. 

21 in. 

18 



18 



21 in. 

20 



20 



2f in. 


Width of Narrow Face 



Width 

OF Narrow Face 

Shakes, Checks, Splits: When Green When Seasoned 

Shakes, Checks, Splits: 

When Green When Seasoned 

100 lb. Shear Grade. ... A 


80 lb. Shear Grade. 


1 

Wane 


Wane 


... 1 Width of any face 


1200 lb. / Structural Beams and Stringers 


Dense Shortleae Southern Pine 
Slope of Grain . — 1 in 8. 

Knots . — Maximum permissible size in inches: 


Nominal On Narrow FAtE, 

Vfwm OF Middle Third At Center Line 

Face, in. of Length of Wide Face 

5 2fin. 

6 in. 

8. 3| in. 3|in. 

10 3f in. 4|in. 

12 4|in. 5fin. 

14 4| in. 6| in. 

16 4f in. 6| in. 

18 7i in. 

20 7| in. 


Close-Grained Redwood 


Slope of Grain . — 1 in 14. 

Knots . — Maximum permissible size in inches: 
Nominal On Narrow Face, 

Width of Middle Third At Center Line 

Face, IN. of Length of Wide Face 


5 li in. 


o 

6 



1- 

in. 

in. 

8 

2i 

in. 

10 

2 

in. 

12 

2 

in. 

14...... 

21 

in. 

16 

3 

in. 

IS 



20 


2|in. 
3 in. 
3f in, 
31 in. 
41 in. 
41 in. 
4| in. 


Width of Narrow Face 

Shakes, Checks, Splits: When Green When Seasoned 

100 lb. Shear Grade... ^ 

Wane i Width of any face 


Width of Narrow Face 

Shakes, Checks, Splits: When Green When Seasoned 

701b. Shear Grade. .. . 1 | 

Wane i Width of any face 
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Specifications foe Steuctural Timbers (D 245 - 37) 


1100 lb. / Structural Beams and Stringers 


Port Orfoed Cedar 
Slope oj Grain. — 1 in 15. 

Knots. — Maximum permissible size in inches: 
On Narrow 
Nominai. Face, Middle 

Width o: 


Face, in. 

5.. .. 

6 .. .. 


10 . 

12 . 

14. 

16. 

18. 

20 . 


Third of 
Length 
liin. 

1- 1 in. 
If in. 

2 

2 | 

2i 

2- | in. 


2 in. 

2- 1 in. 

3 in. 

3f in. 

3- | in. 

3f in. 

3| in. 

WiD'XH OF Narrow 
Face 

When When 

Shakes, Checks, Splits; Green Seasoned 

80 lb. Shear Grade -J- -f\,- 

Wam I Width of any 

face ' I 


Tidewater Red Cypress 
Slope oJ Grain. — 1 in 12. 

Knots and Peck. — Maximum permissible size in 
inches: 

On Narrow 
Nominal Face, Middle 

Width of Third of At Center Line 

Face, in. Length of Wide Face 

5 If in. 

6 2fin. 

2^ in. 

2f in. 

. 3| in. 

. 3f in. 

. 3| in. 


10 .. 

12 .. 

14.. 

16.. 
18.. 
20 .. 


2|in. 
3| in. 
4|in. 
4f in. 
5 in. 
5| in. 
Sf in. 


Width of Narrow 
Face 

When When 
Green Seasoned 


Shakes, Checks, Splits: 

100 lb. Shear Grade | f 

Wane | Width of any 

face 


Oak 

Slope of Grain. — 1 in 10. 

Knots. — Maximum permissible size in inches: 
NomNAL On Narrow Face, 

Middle Third At Center Line 


FA( 


OF Length of Wide Face 


6 

.... z m. 

2| in. 


8 

.... 2fin. 

3f in. 

10 

.... 3f in. 

4|in. 

12 

3^ in. 

5 in. 

14 

.... 3f in. 

Sf in. 

16 

4 in. 

Sf in. 

18 


6 in. 

20 


6f in. 


Shakes, Checks, Splits: 

100 lb. Shear Grade ... f\,- -| 

Wane. J Width of any face 

1000 lb. / Structural Beams and Stringers 


Western Red Cedar 
Slope of Grain. in 18. 

Maximum permissible size in inches: 
Nominal On Narrow Face, 

\\ iDTii or Middle Third At Center L 

OF Length of Wide Fai 


5., 

6 . , 

8 ., 
10 . 
12 . , 
14. 
16. 
18. 
20 . 


fin. 
1 in. 
If in. 


r 

1| in. 
If in. 


If in. 

If in. 

2 in. 

2f in. 

2f in. 

2| in. 

. 2fin. 

, Width OF Narrow Face 

o hakes. Checks, Splits: When Green When Seasoned 

100 lb. Shear Grade ... i f 

Wane | Width of any face 


, ^ ~ V' ■- J^^•. .Str4lci!ural£!^^ts.ani..T^ml>ers, .. • 

c = Compression stress parallel to grain in pounds per square inch for continuously dry 
locations, 

1300 lb. c Structural Posts and Timbers 

Dense Douglas Fiu (Coast Region) Dense Longleae Southern Pine 

Dense. Douglas .Fir (Inland) Dense Shortleae Southern Pine- 


Slope of Grain. — 1 in 12._ 

Knots. — Maximum permissible size in inches ; 

■ Nominal Width or Fac 32 , in. 

5 ..... 

6 

8 

10 

12 

14 

16 

15 

20 


At any Point on any Face 

1| in. 

1^ in. 

l|in. 

2| in. 

2|in. 

3i in. 

3| in. 

3iin. 

3|- in. 


Shakes, Checks, Splits 
Wane 




Width of any face 


1200 lb. c Structural Posts and Timbers 


Tidewater Red Cypress 

Slope of Grain . — 1 in 12. 

Knots and Peck . — Maximum permissible size 
in inches: 

Nominal 

Width of At any Point 

Face, IN. on any Face 

5 l-in, 

6 Is in. 

Close-Grained Douglas Fir (Coast Region) 
Slope of Grain . — 1 in 12. 

Knots . — Maximum permissible size in inches: 
Nominal 

Width of At any Point 

Face, in. on any Face 

5 l|in. 

6 1| in. 

8 l|in. 

10 9| in 

10 If in. 

12 2|in. 

14 2|in. 

16 2§m. 

18 2|m. 

20 2fin. 

Width of Nakeow 
Face 

When When 

Green Seasoned 

Shakes, Checks, Splits | 

Wane. I Width of any face 

12 2fin. 

14 3 in. 

16 3fin. 

18 3f in. 

20 3f in. 

Width of Naeeow 
Face 

When When 

Green Seasoned 

Shakes, Checks, Splits § 

W ane | Width of any face 

Dense Longleae Southern Pine 

Dense Shortle.ae Southern Pine i 

Slope of Grain . — 1 in 10. 

Knots . — Maximum permissible size in inches: 
Nominal 

Width of At any Point 

Face, in. on any Face 

5 I5 in. j 

6 If in. 

8. 2f in. 

Close-Grained Redwood 

Slope of Grain.— 1 in 14. 

Knots . — Maximum permissible size in inches: 
Nominal 

Width of At any Point 

Face, in. on any Face 

5 fin. 

6... fin. 

8 li in. 

in 14 in 

10 3 in. 

12.. .... 3fin. 

14 3fm. 

16.. 4iin. 

18 4iin. 

20.. .. 4|in. 

Width OF Nahhow 
Face 

When When 

Green Seasoned 

Shakes, Checks, Splits 1 

Wane. | Width of any face 

12 If in. 

14 2 in. 

16 2| in. 

18.... 2fin. 

20 2| in. 

Width OF Naeeow , 
Face 

When When 

Green Seasoned 

Shakes, Checks, Splits f f 

Wane i Width of anyface 
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1100 lb, c Stfucturai Posts and Timbers 


Douglas Fir (Coast Region) 

Slope of Grain . — 1 in 10. 

Oak 

Slope of Grain . — 1 in 14. 


Knots . — Maximum permissible size in inches: 

Knots . — Maximum permissible size in inches: 
Nominal 


At any Point 

Width op 

At any Point 

Face, in. 

ON any Face 

Face, in. 

ON any Face 

5 


5 

i in. 

6 . 


6 

...... 1 in. 

8 . . . 


8 

If in. 

10 


10 

If in. 

12 

3 in. 

12 

2|in. 

14 


14 

2iin. 

16 


16 

2fin. 

18 


18 

2| in. 

20 

Width of Naseow 
Face 

When W'^hen 

Green Seasoned 

20 

2f in. 

Width of Narrow 
Face 

When When 

Green Seasoned 

Shakes, Checks, Splits 

• • • 

Shakes, Checks, Splits 

. . f 

Wane 

. . . 1 Width of any 
face 

Wane 

. . i Width of any 
face 


CtosE-GRAiNEo Redwood 
Slope of Crain . — 1 in 12. 

ATMo^i.—Maximum permissible size in inches: 
Nominal 

Width of At any Point 

Face, in. on any Face 


5 

li in. 

6 

If in. 

8 


10 

2i in. 

12 

2f in. 

14 

2| in. 

16 

3| in. 

18 


20 

3| in. 

Width of Narrow 
Face 

When When 

Green Seasoned 

Shakes, Checks, Splits .... 

•••• I i 

Wane 

1 Width of any 

face 
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Pout Okfoed Cebau 


Slope of Grain . — 1 in 14. 

Maximum permissible size in inches: 

Nominal 

Width of 

At any Point 

Face, in. 

ON ANY Face 

5 

1 in. 

6 

1 in. 

8 

If in. 

10 

If in. 

12 


14 

2i in. 

16 

2iin. 

18 


20 

21 in. 


Width of Naehow 

When When 
Green Seasoned 

Shakes, Checks, Splits i f 

Wane I Width of any 

face 


Tidewater Red Cypress 


Slope of Grain. — 1 in 10. 


Knots and Peck. — Maximum permissible size in 
inches: 

Nominal 

Width of 

At any Point 

Face, in. 

ON any Face 

5 

If in. 

6 

1| in. 

8 

2| in. 

10 

3J in. 

12 


14 


16 

4| in. 

18 

4fin. 

20 

5 in. 

Width of Narrow 
Face 

When When 

Green Seasoned 

Shakes, Checks, Splits .... 

. . . . f i 

Wane 

f Width of any 

face 


Oak 

Slope of Grain. — 1 in 12. 

Knots. — Maximum permissible size in inches: 


Dense Longleae Southern Pine 
Slope of Grain. — 1 in 8. 

Knots. — Maximum permissible size in inches: 


Nominal 
Width of 
Face, in. 


At any Point 
ON any Face 


Nominal 
Width OF 
Face, in. 


At any Point 
ON ANY Face 


S 


5. 

6.... 

l| in. 

6. 

8 

2 in. 

8. 

10 


10. 

12 

3 in. 

12. 

14 


14. 

16 

3| in. 

16. 

18 

3f in. 

18. 

20 

3| in. 

Width of Narrow 
Face 

When When 

Green Seasoned 

20. 

Shakes, Checks, Splits. . . . 

. • • ■ A i 

Shakes, < 

Wane 

1 Width of any 

face 

Wane. . 


2i in. 

lym. 

3 1 in. 

4| in. 

5 in. 

S| in. 

5| in. 

6i in. 

6| in. 

Width of Nareow 
Face 

When When 

Green Seasoned 

. I f 

. Width of any 
face 


Close-Grained Redwood 


Slope of Grain. — 1 in 10. 

Knots . — Maximum permissible size in inches: 

Nominal Width of Face, in. 

5 

6 ... 

8 

10 

12 

14 

16 

18 

20 


Shakes, Checks, Splits. 
Wane 


At any Point on any Face 

If in. 

If in. 

2|in. 

2f in. 

3f irf. 

3f in. 

4i in. 

4| in. 

4| in. 

Width of Narrow Face 
When Green When Seasoned 


I Width of any face 
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900 lb. c Structural Posts and Timbers 


Port Orford Cedar 

Slope of Grain . — 1 in 12. 

Knots . — Maximum permissible size in inches: 
Nominal 

Width OF Ax any Point 

Face, in. on any Face 

5 If in. 

6 l|in. 

8 . 2 in. 

Dense Shortleae Southern Pine 

Slope of Grain . — 1 in 6. 

Knots . — Maximum permissible size in inches: 
Nominal 

Width of At any Point 

Face, in. on any Face 

5 2|in. 

6 2|in. 

10 21 in. 

12 3 in. 

14 3 Jin. 

16 31 in. 

18 3fin. 

20.... 3|in. 

Width oi^ Naerow 
Face 

When When 

Green Seasoned 

Shakes, Checks, Spliis ‘ | 

Wane -o VVidth of any 

face 

10.; 4fin. 

12 5fin. 

14 6| in. 

16 6| in. 

18 7 in. 

20 7|in, 

Width OF Narrow 
Face 

When When 

Green Seasoned 

Shakes, Checks, Splits f | 

IF ane J Width of any 

face 

SOO lb. c Posts and Timbers 


Western Red Cedar 
Slope of Grain . — 1 in 14. 

Knots . — Maximum permissible size in inches: 
Nominal 

Width of At any Point 

Face, in. on any Pace 

5 


6 

8 

^ ^ 

10 

If in 

12 

l| in 

14 


16 


18 


20 



Width op Nakeow 
Face 

When When 
Green Seasoned 

Shakes, Checks-, Splits iV T 

Wane. | Width of any 

face 



Specifications for Structural Timbers (D 245 - 37) 


727 


APPENDIX 


The following three tables summarizing standard sizes, stress-grades, and working 
stresses for joist and plank, beams and stringers, and posts and timbers are appended 
for information. They offer a valuable key to different structural grades. 


Table I.— Standard Sizes, Stress-Grades, and Working Stresses eor Structural 
Joist and Plank. 

Standard Sizes 

Nominal thicknesses 2,3, and 4 in. 

Permissible minimum rough thicknesses in not to exceed 20 per cent of pieces in any- 
one shipment; 

2 in I in, off 

3 and 4 in. in. off 

Dressed thicknesses, SIS or S2S f in. off 

Nominal widths 4 in. and wider 

Permissible minimum rough widths in not to exceed 20 per cent of pieces in any one 

shipment: 

4 and 6 in. -A in. off 

8 in. and wider | in. off 

Dressed widths, SIE or S2E: 

4 and 6 in f in. off 

8 in. and wider in. off 


Standard Stress-Grades and Working Stresses 
(Continuously Dry Locations) 

Fiber 


Grades and Species 

Stress 
IN Bend- 
ing OR 
Tension, 

PSI. 

Maxi.\iuu Compees- 
HOEIZON- SION Pee- 
TAL PENDICir- 

Sheah, lar to 

PSI. Grain, psi. 

Modulus 

OE Elastic- 

1800 lb./ Dense Douglas Fir (Coast and Inland) 

1800 

120 

380 

1 600 000 

1800 lb. / Dense Longleaf or Dense Shortleaf South- 
ern Pine 

1800 

120 

380 

1 600 000 

1600 lb. / Close-Grained Douglas Fir (Coast) 

1600 

100 

345 

1 600 000 

1600 lb. y Dense Longleaf or Dense Shortleaf South- 
ern Pine 

1600 

120 

380 

1 600 000 

1600 lb. / Close-Grained Redwood 

1600 

80 

267 

1 200 000 

1400 Ib. / Tidewater Red Cypress 

1400 

120 

300 

1 200 000 

1400 lb. /Oak 

1400 

120 

500 

1 500 000 

1400 lb. / Dense Longleaf Southern Pine 

1400 

100 

380 

1 600 000 

1400 lb. / Close-Grained Redwood 

1400 

80 

267 

1 200 000 

1200 lb. / Port Orford Cedar 

1200 

100 

250 

1 200 000 

1200 lb. / Douglas Fir (Coast) 

1200 

100 

325 

1 600 000 

1200 lb. / Dense Shortleaf Southern Pine 

1200 

100 

380 

1 600 000 

1200 lb. / Close-Grained Redwnod. 

1200 

70 

267 

1 200 000 

1100 lb. / Port Orford Cedar 

1100 

80 

250 

1 200 000 

1100 lb. y Tidewater Red Cypress 

1100 

100 

300 

1 200 000 

1100 lb. /Oak 

1100 

100 

500 

1 500 000 

1000 lb. / Western Red Cedar 

1000 

100 

200 

1 000 000 
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Table II.—Standakd Sizes, Stkess-Gbades, and Working Stresses por Structural 
Beams and Stringers. 

Standard Sizes 


Nominal thicknesses _ 

Permissible minimum rough thicknesses in not to exceed 20 per cent of pieces in any 
one shipment; 

5 and 6 in 

8 in. and wider 

Dressed thicknesses, SIS or S2S 

Nominal widths ; 

Permissible minimum rough widths in not to exceed 20 per cent of pieces in any one 

shipment - 

Dressed widths, SIE or S2E 


5 in. and thicker 


1 ^ in. off 
I in. off 
_ i in. off 
8 in. and wider 


i in. off 
i in. off 


Standard Stress-Grades and Working Stresses 
(Continuously Dry Locations) 

Fibke 

Stress Maximum Compres- 
iN Bend- Horizon- sion Per- 
INO OR TAL PENDICU- MODULUS 


Grades and Species 

Tension, 

Shear, ear to 

pst. Grain, psi. 

OE Elastic- 
ity, psi. 

1800 lb./ Dense Douglas Fir (Coast and Inland) 

1800 

120 

380 

1 600 000 

1800 lb. / Dense Longleaf or Dense Shortleaf South- 
ern Pine 

1800 

120 

380 

1 600 000 

1600 lb. / Close-Grained Douglas Fir (Coast) 

1600 

100 

345 

1 600 000 

1600 lb. / Dense Longleaf or Dense Shortleaf South- 
ern Pine 

1600 

120 

380 

1 600 000 

1600 lb. / Close-Grained Redwood 

1600 

80 267 

1 200 000 

1400 lb. / Tidewater Red Cypress 

1400 

120 

300 

1 200 000 

14001b. /Oak 

1400 

120 

500 

1 500 000 

1400 lb. / Dense Longleaf Southern Pine 

1400 

100 

380 

1 600 000 

1400 lb. / Close-Grained Redwood 

1400 

80 

267 

1 200 000 

1200 lb. / Dense Shortleaf Southern Pine 

1200 

100 

380 

1 600 000 

1200 lb. / Close-Grained Redwood 

1200 

70 

267 

1 200 000 

1100 lb. /Port Orford Cedar 

1100 

80 

250 

1 200 000 

1100 lb. / Tidewater Red Cypress 

1100 

100 

300 

1 200 000 

1100 lb. /Oak 

1100 

100 

500 

1 500 000 

1000 lb. / Western Red Cedar 

1000 

100 

200 

1 000 000 
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Table III.— Standard Sizes, Stress-Grades, and Working Stresses eor Structural 
Posts and Timbers. 


Standard Sizes 


Nominal thicknesses 5 

Permissible minimum rough thicknesses in not to exceed 20 per cent of pieces in any 
one shipment; 

5 and 6 in 

8 in. and wider 

Dressed thicknesses, SIS or S2S 

Nominal widths 

Permissible minimum rough widths in not to exceed 20 per cent of pieces in any one 
shipment: 

5 and 6 in 

8 in. and wider 

Dressed widths, SIE or S2E 


in. and thicker 


A 

in. off 

\ 

in. off 

1 

in. off 

in. 

and wider 

* 

in. off 

i 

in. off 

1 

in. off 


Standard Stress-Grades and Working Stresses 
(Continuously Dry Locations) 

Compression Paraelel 

Grades and Species to Grain, Short Columns, psi. 

c Dense Douglas Fir (Coast and Inland) 1300 

c Dense Longleaf or Dense Shortieaf Southern Pine. . 1300 

c Tidewater Red Cypress 1200 

c Close-Grained Douglas Fir (Coast) 1200 

c Dense Longleaf or Dense Shortieaf Southern Pine. . 1200 

c Close-Grained Redwood 1200 

c Douglas Fir (Coast) 1100 For stresses in compression 

c Oak 1100 perpendicular to grain and 

c Close-Grained Redwood 1100 modulus of elasticity, see 

c Port Orford Cedar 1000 values in Table II for 

c Tidewater Red Cypress 1000 Beams and Stringers. 

c Oak 1000 

c Dense Longleaf Southern Pine 1000 

c Close-Grained Redwood 1000 

c Port Orford Cedar 900 

c Dense Shortieaf Southern Pine 900 

c Western Red Cedar 800 


of the.U. S, Forest Products Laboratory, U. S. Department of Agriculture Miscel- 
laneous Publication No. 185, entitled “Guide to the Grading of Structural Timbers 
and the Determination of Working Stresses,” February, 1934. Reference should 
also be made to the “Working Stresses” appearing in the Appendix to the Standard 
Specifications for Structural Wood Joist and Plank, Beams and Stringers, and Posts 
and Timbers (A.S.T.M. Designation :D 245-33) of the American Society for Testing 
Materials, 1933 Book of A.S.T.M. Standards, Part II, p. 384. 


1300 

lb. 

1300 

lb. 

1200 

lb. 

1200 

lb. 

1200 

lb. 

1200 

lb. 

1100 

lb. 

1100 

lb. 

1100 

lb. 

1000 

lb. 

1000 

lb. 

1000 

lb. 

1000 

lb. 

1000 

lb. 

900 

lb. 

900 

Ib. 

800 

lb. 

The 



APPROVED AS 
AMERICAN STANDARD 

BV THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: 04a-1927 

Standard Methods of 

TESTING SMALL CLEAR SPECIMENS OF TIMBER^ 



A.S.T.M. Designation: D 143 - 27 
Adopted, 1927.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 143; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


The everyday use of timber for multitudinous purposes makes manifest a 
continual need of data on its mechanical properties. The great variety of 
species, the variability of the material, the continually changing conditions of 
supply, the many factors affecting test results, all combine to make the tech- 
nique of testing wood unique in its complexity. 

In the preparation of this procedure for testing small clear specimens, con- 
sideration was given both to the desirability of adopting methods which 
would yield results comparable to those already available and to the possi- 
bility of embodying such improvements as experience has shown desirable. 
In view of the many thousands of tests made under a single comprehensive 
plan by the U. S. Forest Service, the Forestry Branch of the Department of 
the Interior, Canada, and other similar organizations, the procedure naturally 
conforms closely to the methods used by these institutions. This procedure 
is the outgrowth of a study of both American and European experience and 
methods. Its general adoption will tend tow'ard a world-wide unification 
of results, permitting an interchange and correlation of data, and will estab- 
lish the basis for a cumulative body of fundamental information on the 
timber species of the world. 

These methods represent the entire procedure from selection of the 
trees to the manipulation of the test, thus controlling factors, such as 
the size and proportion of test specimens and rate of loading, which 
may influence results. No attempt has been made to cover methods of 
computation and analysis, as these questions may be considered independently 
at any time. Such sample data and computation sheets and cards have been 
incorporated, however, as were thought to be of assistance to the investigator 
in systematizing records. 


t Under the standardization procedure of the Society, *Prior to adoption as standard, these methods were 

these methods are under the junsdictioa of the A.S.T.M. published as tentative from 1922 to 1927. beinc revised in 
Committee D-7 on Timber. 1924, 
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Purpose of Tests 

1. Tests on small clear specimens of 
wood are made to afford: 

(a) Data for comparing the mechani- 
cal properties of various species. 

(b) Data for the establishment of 
correct strength functions which, in 
conjunction with results of tests of 
timbers in structural sizes,® afford the 
basis for fixing allowable stresses. 

(c) Data upon which to determine the 
influence on the mechanical properties 
of such factors as density, locality of 
growth, position in cross-section, height 
of timber in the tree, change of proper- 
ties with seasoning, and change from 
sapwood to heartwood. 

Kind of Tests 

2. The principal mechanical tests are 
static bending, compression parallel to 
grain, impact bending, compression per- 
pendicular to grain, hardness, shear 
parallel to grain, ^ tension perpendicular 
to grain, cleavage, and tension parallel 
to grain. These tests are made on both 
green and air-dry material as specified in 
these methods. In addition, such phys- 
ical properties as specific gravity, radial 
shrinkage, tangential shrinkage, and 
shrinkage in volume are determined. 

Collection of Material 
Selection 
Authentic Identification 

3. The material shall be from trees 
selected in the forest by one qualified to 
identify the species. 

Selection and Number of Trees 

4. For each species to be tested from a 
given locality, at least five representa- 

“ See Standard Methods of Static Tests of Timbers in 
Structural Sizes (A.S.T.M, Designation; D 198), which ap- 
pears in this publication, see Contents in Numeric Se- 
quence of A.S.T.M. Designations at front of book. 

* The test for shearing strength perpendicular to the 
grain (sometimes termed “vertical shear”) is not included 
as one of the principal mechanical tests since in such a 
test the strength is limited by the shearing resistance 
parallel to the grain. 


five trees of merchantable size and of 
approximately average age shall be 
selected. 

Selection and Nurnber of Bolts 

5. The material from five trees of each 
species from a given locality shall be 
selected as follows: 

(a) From one tree, the entire mer- 
chantable bole, if not over 16 ft. in 
length;® if over 16 ft. in length, four 4-ft. 
sections or bolts, the first to be taken at 
the stump, the second and third at 
distances of one-eighth and three- 
eighths, respectively, of the merchant- 
able length above the stump or as near 
thereto as possible; and the fourth at the 
top of the merchantable length. 

{b) From two trees, the 8-ft. section 
next above the 8-ft. butt log. 

(r) From two trees, the 4-ft. section 
next above the 12-ft. butt log. 

Substitution of Flitches for Bolts 

6. In cases where the logs or bolts are 
over 36 in. in diameter, a single flitch 6 
in. in thickness, taken through the pith 
in a north and south direction and repre- 
senting the full diameter of the log, may 
be substituted, in the same length, for 
the full log or bolt specified in Section 5. 

Selection from Small Trees 

7. When the trees are relatively small 
in diameter, material in addition to that 
provided for in Sections 5 and 6 shall be 
collected, whenever possible, to insure a 
sufficient number of tests to give a good 
average for the species. 

Field Marking 
Tree Designation 

- 8. Each tree shall be given an arabic 

number, the numbering in any given 

'This tree is intended to furnish test material for 
studying, among other things, the variation of properties 
with height in trees and provides for this purpose a 4-ft. 
section from different heights. Experience has shown 
that four sections or bolts, each 4 ft. in length, will usually 
be sufficient for studying the influence of height in tree on 
the mechanical properties. 
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shipment to be consecutive for trees of a 
given species. 

Bolt Designation 

9. Each 4 ft, of length of a tree or log 
shall be considered a “bolt.” Bolts 
shall be designated by small letters, 
beginning with a for the 4-ft. section 
next above the stump. Bolt letters, 


given a shipment number or other 
designation. 

VUli Descriptions 
Field Descriptions 

13. (fit) Complete field notes de- 
scribing the material shall be fully and 
carefully made by the collector. These 


TABIJE I. — SHimENT DESCRIPTION HELD NOTES. 

Project No., 124 Shipment No., 323 

Tree No., 10 Species, Lodgepole pine 

Locality cut: State, Monlana County, Jefferson 

Township, 6 N., R. 7 W., M. P. M. Date cut, Oct. 10, 1914 

Slope, Moderate Absolute elevation, 6600 ft. Aspect, southeasterly 

Undergrowth, None Soil, Deep, fresh-decomposed granite 

Height, 73.9 ft. Seedling or sprout, Seedling Age, 140 yr. 

Crown, Length 25 ft., ^vidth 12 ft. D.B.H. 11.1 in. 

Stem, Sound, smooth, clear, length 20 ft. _ Date sawed. Oct. 10, 1914 

How and when transported from woods, By sleigh and wagon, Oct. 13 to 15, 1914 

LIST OF SPECIMENS SAWED. 


Log 

Number 

Bolts 

Length, 

It. 

Diameter Inside Bark 

Volume 

Footage, 
b. m. 

Weight, 
Oct. IS, 
lb. 

Butt, in. 

Top, in. 

1 

bed 

12.1 

11 

9.6 



3.16 

2 

efR 

12.1 

9.6 

8.9 



289 

3 

hij 

12.1 

8.9 

7.7 



242 

4 

ktm 

12.1 

7.7 

6.1 



176 

S 

nop 

12.1 

6.1 

3.1 



95 


Remarks: Slump height, 1.0 ft. Butt off on account of frost crack 3.0 ft. Length of top above last 
section taken, 9.4 ft. Total age, 140 yr. Tree was dominant throughout life. Rate of growth, regular 
and good average for Site /. Lower slope type, although of more than average height for the age and 
diameter found on poorer sites. 


therefore, indicate position with respect 
to height in tree. 

Manner of Marking 

10. The tree number and bolt designa- 
tion shall be plainly marked upon each 
log selected by the collector. Thus the 
16-ft. butt log of Tree No. 2 wmuld be 
designated 2abcd. Steel dies are recom- 
mended for marking the butt end of the 
logs. 

Indication of Cardinal Point 

11. The north side of each log shall be 
indicated in some convenient manner. 

Shipment Number 

12. All material collected from a given 
locality and shipped at one time diall be 


notes shall, in general, supply data as 
outlined in Table I. 

(6) Photographs of the standing trees 
selected shall be taken. 

Preparation for Shipment 
Preparation for Shipment 

14. {a) The bark will be left on each 
log, and care shall be taken to keep the 
bark intact. The ends of the logs shall 
be carefully painted to retard or prevent 
end drying and end checking. 

(6) Record shall be made of the ship- 
ment routing, bill of lading, kind of 
shipment, date of shipment, and con- 
dition of material when shipped. 
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(c) Record shall also be made of date 
of receipt of shipment at destination, its 
condition, and method of storage. 


to artificial heat. In addition they 
should preferably be protected from the 
sun. 


SHIP. L 140 
WESTERN 
YELLOW ■ 
PINB 

tree no. t 


Fig. L- -Section of Log Selected for Test Material. 
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Sawing of Bolts 

17. (a) All bolts shall be marked on 
the top end into 2| by 2|-in. squares as 
shown in Fig. 2, and sawed into nominal 
2| by 2|-m. sticks. The letters N, E, 
S, and W indicate the cardinal points. 

(b) When flitches are substituted for 
bolts (Section 6), the same general mark- 
ing and numbering scheme of Paragraph 
(a) shall be followed in so far as it is 
applicable. 

Marking of Test Sticks 

18. All test sticks shall bear the ship- 
ment number, the tree number, stick 


Norfh 




NU 

1712 


/ 

H9 

NJO 



H7 

NS. 

\ 

mb 

of Tree. ^ 

175 

f73 

N6 

N4 

[l ! S 

i § 


N2 

m Tr, jn 

1 & ^ 

§ S 

25 

IS 

5 S 5 § R5 

\ 


7s 

Ts 

j 

\ 


95 

ss 

j 

\ 


Is 

L5 

/ 

\. 


OIS 

65 

/ 



2/s 

IIS 



Fig. 2. — Sketch Showing Method of Cutting 
up the Bolt and Marking the Sticks. 


number, and bolt designation, to be 
known respectively as Shipment No., 
Piece No., Stick No., and mark. Thus, 
400-1- iV4d represents Stick NA of Bolt 
d, Tree 1, Shipment 400. 

Matching for Air-dry Tests 
Composition Bolts 

19. In the tests made to determine the 
effect of air-drying on strength, the sticks 
from the c bolt shall be interchanged 
with those of the d bolt of the same tree 


to form two composition bolts, each 
composition bolt being complete and 
being made of equal portions of c and 
d bolts.® The sticks from one of these 
composition bolts shall be tested green 
and those from the other shall be tested 
after air-drying. The sticks tested 
either green or air-dry shall be regarded 
as if they were from the same bolt. 

Schedule for Forming Composition Bolts 

20. The division of green and air- 
dry sticks shall be made according to the 
following schedule in which the numbers 
refer to stick numbers: 

Composition Boll to be Tested Green: 

Lower bolt c 1 4, S 8, 9 

Upper bolt d 2, 3 6, 7 10, etc. 

Composition Bolt to be Air-Dried and Tested: 

Lower bolt c 2, 3 6, 7 10, etc. 

Upper bolt d 1 4, 5 8, 9 

Disposition of Sticks 
Green Material 

21. The sticks (2§ by 2^ in. by 4 ft.) 
to be tested green shall be kept in an 
unseasoned condition while awaiting 
preparation for test by being stored in a 
framed pit or other suitable container, 
where they shall be close piled and 
covered with damp sawdust or in some 
other suitable manner. As material is 
required for test, it shall be removed 
from this pit, or container, surfaced on 
all four sides to 2 in. by 2 in. in cross- 
section, sawed to test size and kept 
covered with a damp cloth, in an air- 
tight container at a temperature of about 
70 F. (as nearly as practicable) until 
the time of test. Care shall be taken to 
avoid as much as possible the storage of 
green material in any form. Sticks to 
be tested in a green condition should 
usually not be sawed from the log form 
in quantities greater than is required to 
meet the testing demands for from a few 

‘ The 8-ft section ic and d bolts) from each of the two 
trees provided for under Section 5 (b) is intended for testa 
to determine the effect of air-drying on strength, 
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days to not more than two weeks, de- 
pending on the prevailing conditions. 

Air-Dry Material 

22. (a) The ends of the sticks to be 
air-dried (2^ by 2| in. by 4 ft.) shall be 
dipped in melted paraffin or other sub- 
stance suitable to retard checking. The 
material shall be piled so as to have a 
space of at least ^ in. on each side of each 
stick to permit circulation of air. The 
material shall be stored in a place allow- 
ing free access of air, but protected from 
sunshine, rain, snow, and moisture from 
the ground. The sticks in drying shall 
not be subjected to artificial heat. 

(b) All of the sticks from each com- 
posite bolt to be air-dried shall be 
weighed when stored and at sufficiently 
frequent intervals thereafter to get ac- 
curate data on the progress of seasoning. 
No material shall be considered thor- 
oughly air-dried and properly con- 
ditioned for testing until practically 
constant weight has been reached. 
(Wood absorbs and gives off moisture 
with changing atmospheric conditions, 
consequently it never comes to abso- 
lutely constant weight.) 

(c) When the material has reached 
equilibrium, moisture sections 1 in. in 
length shall be taken from about 10 per 
cent of the sticks to determine the actual 
moisture content. These moisture 
specimens shall be cut not less than 1 ft. 
from the ends of the sticks, and in such a 
way as to prevent any appreciable loss of 
material for testing, l^en thoroughly 
air-dry, the material shall be surfaced on 
four sides to 2 in. by 2 in. in cross-section 
and tested. 

Order, Selection, and Number oe 
Tests 

Order of Tests 
Order of Tests 

23. The order of tests in all cases shall 
be such as to eliminate as far as possible 


from the comparisons the effect of 
changes in the specimen due to such 
factors as storage and weather condi- 
tions. 

Selection of Specimens 
Preference in Selecting Specimens 

24. In case the material from a given 
bolt should be insufficient to furnish all 
the test specimens hereinafter required, 
the preferential order of mechanical tests 
to be used in selecting specimens shall 
be as follows: Static bending, compres- 
sion parallel to grain, impact bending, 
compression perpendicular to grain, 
hardness, shear parallel to grain, tension 
perpendicular to grain, cleavage, and 
tension parallel to grain. 

Test Pieces from Bending Specimens 

After Failure 

25. In many cases where a shortage of 
material exists, certain test specimens 
may be taken from the uninjured portion 
of the static and impact bending speci- 
mens remaining after test, provided 
proper care is used in the selection. 

Quality of Test Material 

26. Only clear straight-grained ma- 
terial, free from decay and other defects, 
shall be used for the tests. However, 
small knots and other similar defects 
may be admitted in such specimens as 
static bending when their location is such 
that it is certain they will not in any 
way influence the failure or otherwise 
affect the strength of the specimen. 

Number of Tests for Each Bolt 
Static Bending 

27. One static bending specimen shall 
be taken from each pair of sticks. A 
pair consists of two adjacent sticks 
equidistant from the pith, as W3 and 
W4, Fig. 2. In the composite bolts 
tested to afford a comparison of the 
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strength of green and air-dry material, 
the pair of sticks shall be constituted as 
above, except that the sticks in this 
case will be from different bolts. Thus 
W3d and WAc constitute one pair of 
sticks to be tested green, and W3c and 
TT4d the corresponding pair to be tested 
air-dry (Section 20). 

Compression Parallel to Grain 
.28. One compression-parallel-to-grain 
specimen shall be taken from each stick. 
Load-compression curves shall be taken 
on 20 per cent of the .specimens. 


Compression Perpendicular to Grain 

30. One compression-perpendicular- 
to-grain specimen shall be taken from 
each of 50 per cent of the sticks selected 
for static bending. 

Hardness 

31. One hardness specimen shall be 
taken from each of the other 50 per cent 
of the static-bending sticks. 

Shear Parallel to Grain 

32. Eight shear-parallel-to-grain spec- 
imens shall be selected from the unused 



Fig. 3. — Cross-Sections of Bending Specimens Showing Different Rates of Growth of Longleaf Pine 
(2 by 2-iE. Specimens). 


Impact Bending 

29. Eight impact-bending specimens 
shall be taken from each bolt, selection 
being made from the sticks remaining 
after obtaining the static bending tests. 
Two of the specimens shall be selected 
from near the pith, two from near the 
periphery, and four which are repre- 
sentative of the cross-section. 


portion or ends of four sticks from which 
bending specimens have been selected. 
Two specimens shall be taken from near 
the pith, two from near the periphery, 
and four that are representative of the 
average growth of the cross-section of the 
bolt. One of each pair of specimens 
from the same stick shall be tested in 
radial shear (surface of failure radial) 
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and the other in tangential shear (sur- 
face of failure tangential). 

Tension Perpendicular to Grain 

33. Eight tension-perpendicular-to- 
grain specimens shall be selected from 
four sticks in a manner similar to that 
for shear (Section 32). One of each 
pair of specimens from the same stick 
shall be tested in radial tension (surface 
of failure radial) and the other in tangen- 
tial tension (surface of failure tan- 
gential). 


Specific Gravity and Shrinkage in Vol- 
ume 

36. Six specific gravity and shrinkage- 
in-volume specimens shall be selected 
from the unused portion of bending or 
tension-parallel-to-grain sticks, selected 
so as to give one from near the pith, one 
from near the periphery, and four that 
are representative of the average growth 
of the cross-section of the bolt. These 
specimens shall be selected only from 
the sticks to be tested in a green con- 
dition. 



Fig. 4, — Tangential Surfaces of Bending Specimens of Different Rates of Growth of Jeffrey Pine 
(2 by 2 by 30-in. Specimens). 


Cleavage Perpendicular to Grain 

34. Eight cleavage specimens shall be 
selected from four sticks in a manner 
similar to that for shear (Section 32). 
One of each pair of specimens from the 
same stick shall be tested in radial 
cleavage (surface of failure radial) and 
the other in tangential cleavage (surface 
of failure tangential). 

Tension Parallel to Grain 

35. Four tension-parallel-to-grain 
specimens shall be chosen of which one 
shall be selected from near the pith, one 
from near the periphery, and two which 
are representative of the cross-section. 


Radial Shrinkage 

37. Two radial shrinkage specimens 
shall be obtained from each d bolt. 
They shall be cut from the “sectors” or 
“quadrants” remaining after sawing 
(Fig. 2) or from disks cut from near the 
end of the bolt. When a disk is used, 
care must be taken to see that it is green, 
and has not been affected by shrinking 
and checking which is common near the 
end of the bolt. The specimens shall not 
be surfaced. Radial shrinkage speci- 
mens shall be cut with their width in 
the radial direction. One shall be taken 
from the heartwood, and the other from 
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near the periphery. When possible, the 
second shall consist entirely of sapwood. 

Tangential Shrinkage 
38. Two tangential shrinkage speci- 
mens shall be obtained from each d bolt. 
They shall be selected at the same time 
and in a manner similar to radial- 
shrinkage specimens (Section 37), except 
the width shall be in a tangential direc- 
tion. The specimens shall not be sur- 
faced. One shall be taken from the 


cross-section and on the radial and tan- 
gential surfaces. Fig. 3 is a typical 
photograph of the cross-section of test 
specimens and Fig. 4 of the tangential 
surface of bending specimens. 

Control of Moisture Content 
Control of Moisture Content 

40. As previously specified (Section 
22) sticks for test in the air-dry con- 
dition shall be brought to practically 



Fig. 5. — Diagrammatic Sketch of Method of Conducting Static Bending Test. 


heartwood, the other from near the pe- 
riphery and when possible shall consist 
entirely of sapwood. The heartwood and 
the sapwood specimens shall be taken 
adjacent to the respective specimens 
selected for radial shrinkage. 

Photographs of Sticks 
Sticks to be Photographed 
39. Four of the bending sticks from 
each species shall be selected for photo- 
graphing, as follows: two average growth, 
one fast growth, and one slow growth. 
These sticks shall be photographed in 


constant weight before test. Tests shall 
then be carried out in such manner that 
large changes in moisture content will 
not occur. (For instance, in ordinary 
heated rooms the relative humidity is 
usually below 30 per cent. If wood 
which has been dried to practically 
constant weight under the condition 
specified by Section 22 is brought into 
such a room, a considerable and rather 
rapid drying out will occur.) To pre- 
vent such changes, the testing room and 
rooms for the preparation of test speci- 
mens should preferably have some means 
of humidity control. 
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Record of Eeartwood and Sapwood 
Proportion of Sapwood 

41. The estimated proportion of sap- 
wood present shall be recorded for each 
test specimen. 

Static Bending 
Size of Specimens 

42. The static bending tests shall be 
made on nominal 2 by 2 by 30-in. speci- 
mens. The actual height and width at 



Fig. 6. — Details of Bearing Block for Bending 
Tests. 


the center and the length shall be 
measured (Section 113). 

Loading Span and Supports 

43. Center loading and a span length 
of 28 in. shall be used. Both supporting 
knife edges shall be provided with bear- 
ing plates and rollers having a total 
thickness of approximately 1| in. in 
order to bring the neutral plane of the 
test specimen about 2 J in. from the 
knife edges (Fig. 5.) 


Bearing Block 

44. A bearing block of the form and 
size of that shown in Fig. 6 shall be used 
for applying the load. 

Placement of Growth Rings 

45. The specimen shall be placed so 
that the load will be applied through 
the bearing block to the tangential (flat- 
sawed) surface nearest the pith. 

Speed of Testing 

46. The load shall be applied con- 
tinuously throughout the test at a rate 
of 0.10 in. per min. (Section 114). 

Load-Deflection Curves 

47. (a) Load-deflection curves shall 
be taken to or beyond the maximum 
load for all static bending tests. In one- 
third of the tests, the curves shall be 
continued to a 6-in, deflection, or until 
the specimen fails to support a load of 
200 Ib. 

(b) Deflections of the neutral plane at 
the center of the length shall be taken 
with respect to points in the neutral 
plane above the supports. 

(r) Within the elastic limit, deflectior 
readings shall be taken to 0.0025 in. 
After the elastic limit has been reached, 
less refinement is necessary in observing 
deflections, and these may then be read 
directly to the nearest 0.01 in. by means 
of a wire stretched across a scale. Figure 
5 illustrates the method of test and type 
of deflectometer recommended for de- 
flections up to 1 in. 

(d) The load and deflection of first 
failure, the maximum load, and points 
of sudden change shall be shown on the 
curve sheet^ although they may not oc- 
cur at one of the regular load or deflec- 
tion increments. 


1 See Fig. 1 of the Appendix for a sample static bending 
data sheet form. Fig. 2 of the Appendix shows a sample 
computation data card. 
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Description of Failures shall be classified and described as fol- 


48. (a) Bending failures shall be clas- 
sified according to the appearance of the 
fractured surface and according to the 



fg) (h) (i) (j) (k), 

Fig. 7 .— Types of Failures: a to /, Bending; 
S to A, Compression Parallel to Grain. 


manner in which the failure develops. 
The fractured surfaces may be roughly 
divided into brash and fibrous, the terra 
“brash” indicating an abrupt failure and 
the term “fibrous” indicating a fracture 
showing splinters. The test failures 


lows: 

Simple tension (see Fig. 7a), 

Cross grain® tension (see Fig. 76), 
The presence of cross grain having 
a slope w^hich deviates more than 1 in 
20 from the longitudinal edges of the 
specimen shall be cause for culling the 
test. 

Splintering tension (see Fig. 7c), 
Brash tension (see Fig. 7d), 
Compression (see Fig. 7e), and 
Horizontal shear (see Fig. 7/). 

(6) In case two or more kinds of fail- 
ures develop, all shall be described in the 
order of their occurrence; thus, compres- 
sion followed by splintering tension. 
The failure shall be sketched on the data 
sheet. 

Weight and Moisture Content 

49. The specimen shall be weighed 
after test and a moisture section 1 in. 
in length shall be cut near the failure 
(Section 112). 

Compression Parallel to Grain 
Size of Specimens 

50. The compression-parallel-to-grain 
tests shall be made either (1) on nominal 
2 by 2 by 8-in. specimens or (2) on speci- 
mens of the special form shown in Fig. 
8. The actual cross-section dimensions, 
or the diameter at minimum section, 
and the length shall be measured (Section 
113). 

Advantage of Special Form 

51. The specimen with reduced cross- 
section (Fig. 8) will usually require less 
care preparatory to test in order to pre- 
vent crushing at the ends than the 

11 “cross grain” shall be considered to include 

J-ll jlcyiations of grain from the direction of the longi- 
tudinal axis or longitudinal edges of the specimen. It 
should be noted that spiral grain may be present even to 
a serious extent without being evident from a casual 
observation 


Tests ]?0R Small Clear Timber Specimens (D 143 ~ 27) 


741 


specimen with uniform > cross-section 
throughout the length. 

End Surfaces Parallel 

52. Care shall be used in preparing the 
compression-parallel-to-grain test speci- 
mens to make the end surfaces parallel. 

Spherical Bearing 

53. A spherical bearing block shall be 
used and so adjusted for each test as to 
obtain a uniform distribution of load 
over the ends of the specimen. 

Speed of Testing 

54. The load shall be applied con- 
tinuously throughout the test at a rate 
of 0.024 in. per min. (Section 114). 


Position of Test Failures 
56. In order to obtain satisfactory and 
uniform results, it is necessary that the 
failures be made to develop in the body 
of the specimen. With specimens of 
uniform cross-section, this result can best 
be obtained when the ends are at a very 
slightly lower moisture content than the 
body. With green material it will 
usually suffice to close-pile the speci- 
mens, cover the body with a damp or 
wet cloth, and expose the ends for a 
short time. For air-dry material, it may 
sometimes be advisable to pile the 
specimens in a similar manner and place 
them in a desiccator should the failures 
in test indicate that a slight end drying 
is necessary. 



Fig. 8, — Compression-Parallel-to-Grain Test Specimen Special Form. 


Load-Compression Curves 

55. (a) Load-compression curves shall 
be taken for a 6-in. central gage length 
on 20 per cent of the specimens. Load- 
compression readings shall be continued 
until the elastic limit is well passed, as 
indicated by the curve.® On the other 
80 per cent of the specimens the maxi- 
mum load only will be obtained. 

(b) Deformations shall be read to 
0.0005 in. 

(c) Figure 9 illustrates a type of com- 
pressometer, using a Johnson dial, which 
has been found satisfactory for wood 
testing. 

" See Fig. 4 of the Appendix for a sample compression- 
paiallel-to-grain data sheet form. Figure 3 of the Ap- 
pendix shows a sample computation data card. 


Description of Failures 

57. Compression failures shall be clas- 
sified and described according to their 
appearance, as follows: 

(а) Crushing. — -This term shall be 
used when the plane of rupture is ap- 
proximately horizontal. See Fig. 7(g). 

(б) Wedge Split. — The direction of the 
split, that is whether radial or tangen- 
tial, should be noted. See Fig. 7 Qi ) . 

{c) Shearing. — ^This term shall be used 
when the plane of rupture makes an 
acute angle with the axis of the speci- 
men. See Fig. 7 (i). 

(d) Splitting.— See Fig. 7(J). 

(e) Compression and Shearing Paral- 
lel to Grain. — This failure usually occurs 
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in cross-grained pieces, and should be inch and the proportion of summer wood 

culled as a compression test. See Fig. shall be measured over a representative 

7{k). The failure shall be sketched on inch of cross-section. In determining 

the data sheet. In addition the loca- the proportion of summer wood, it is 

tion of the failure shall be recorded along essential that the end surface be prepared 

with its description, so as to permit accurate summer wood 



Fig. 9. — Diagrammatic Sketch of U. S. Forest Service Compressometer and Method of Conducting 
Compression-Parallel-to-Grain Test. 

Weight and Moisture Content measurement. When the fibers are 

58. The specimen shall be weighed broomed over at the ends from sawing, 
after test and a moisture section 1 in. ^ ^ght sanding, planing, or similar 
in length shall be cut from the body treatment of the ends is recommended. 

near the Mure (Section 112). Impact Bending 

Ring and Summer Wood Measurement Size of Specimens 

59. After the moisture section has 60. The impact bending tests shall 
been weighed, the number of rings per be made OP nomipal 2 by 2 by 30-in. 
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specimens. The actual height and width 
at the center and the length shall be 
measured (Section 113). 

Loading and Span 

61. Center loading and a span length 
of 28 in. shall be used. 



Fig. 10. — Hatt-Turner Impact Machine, 
Illustrating Method of Conducting 
Impact Bending Test, 

Bearing Block 

62. A metal tup of curvature corre- 
sponding to the bearing block shown in 
Fig. 6 shall be used in applying the load. 

Placement of Growth Rings 

63. The specimen shall be placed so 
that the load will be applied through 
the bearing block to the tangential or 
flat-sawed surface nearest the pith. 


Procedure 

64. The tests shall be made by incre- 
ment drops in a Hatt-Turner or similar 
impact machine (see Fig. 10). The 
fii-st drop shall be 1 in., which shall be 
increased by 1-in. increments until a 
height of 10 in. is reached. A 2-in. 
increment shall then be used until com- 
plete failure occurs or until a 6-in. deflec- 
tion is reached. 

Weight of Hammer 

65. A 50-lb. hammer shall be used 
when, with drops up to the capacity of 
the machine (about 68 in, for the small 
Hatt-Turner impact machine), it is prac- 
tically certain that complete failure or a 
6-in. deflection will result for all speci- 
mens of a species. For all other cases a 
100-lb. hammer shall be used. 

Deflection Records 

66. Graphical drum records,^® giving 
the deflection for each drop and the set, 
if any, shall be made until first fgtilure 
occurs. This record shall also afford data 
from which the exact height of drop 
can be scaled for at least the first four 
falls. 

Drop Causing Failure 

67. The height of drop causing com- 
plete failure, or a 6-in. deflection, shall 
be observed for each specimen. 

Description of Failure 

68. The failure shall be sketched on 
the data sheet^^ and described in ac- 
cordance with the directions for static 
bending under Section 48. 

Weight and Moisture Content 

69. The specimen shall be weighed 
after the test and a moisture section 


>0 See Fig. 5 of the Appendix for a sample drum record, 
11 See Fig. 7 of the Appendix for a sample impact- 
bending data sheet form. Figure 6 of the Appendix shows 
a sample computation data card. 
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1 in. in iength shall be cut near the failure 
(Section 112). 

Compression Perpendicular to 
Grain 

Size of Specimens 

70, The compression-perpendicular- 
to-grain tests shall be made on nominal 

2 by 2 by 6-m. specimens. The actual 
height, width, and length shall be meas- 
ured (Section 113). 


Speed of Testing 

73. The load shall be applied con- 
tinuously throughout the test at a rate 
of 0.024 in. per min. (Section 114). 

Load-Compression Curves 

74. (a) Load-compression curves^* 
shall be taken for all specimens up to 
0.1-in. compression, after which the test 
will be discontinued. 

(b) Deflection readings shall be taken 
to 0.001 in. 



Fig. 11 . — Diagrammatic Sketch of Method of Conducting Compression-Perpendicular-to-Grain Test, 


Loading 

71. The load shall be applied through 
a metal bearing plate 2 in. in width, 
placed across the upper surface of the 
specimen at equal distances from the 
ends and at right angles to the length. 
(See Pig. 11.) 

Placement of Growth Rings 

72. The specimen shall be placed so 
that the load will be applied through 
the bearing plate to a radial (quarter- 
sawed) surface. 


Weight and Moisture Content 

75. The specimen shall be weighed 
after test and a moisture section 1 in. 
in length shall be cut adjacent to the 
part under load (Section 112). 

ITardness 
Size of Specimens 

76. The hardness tests shall be made 
on nominal 2 by 2 by 6-in. specimens. 

M See Fig. 8 of the Appendix for a sample compression- 
perpendicular-to-grain data sheet form. Figure 9 of the 
Appendix shows a sample computation data card. 
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The actual cross-section dimensions and 
length shall be measured (Section 113). 

Procedure 

77. The modified ball test with a 
“ball’’ 0.444 in. in diameter shall be 
used for determining hardness. (See 
Fig. 12.) The load at which the “baU” 
has penetrated to one-half its diameter 
as indicated by the tightening of the 
collar against the specimen shall be 
observed. 



Fig. 12. — Diagrammatic Sketch of Method of 
Conducting Hardness Test. 


Number of Penetrations 

78. Two penetrations shall be made 
on a tangential surface, two on a radial 
surface, and two on each end. The 
choice between the two radial and be- 
tween the two tangential surfaces shall 
be such as to give a fair average of the 
piece. The penetrations shall be far 
enough from the edge to prevent splitting 
or chipping.^® 

“ See Fig. 10 of the Appendix for a sample data and 
computation card for hardness test. 


Speed of Testing 

79. The load shall be applied con- 
tinuously throughout the test at a rate 
of 0.25 in. per min. (Section 114). 

Weight and Moisture Content 

80. The specimen shall be weighed 
after test and a moisture section 1 in. 
in length shall be cut (Section 112). 

Shear Parallel TO Grain 
Size of Specimens 

81. The shear-parallel- to-grain tests 
shall be made on nominal 2 by 2 by 21- 
in. specimens notched as illustrated in 
Fig. 13 to produce failure on a 2 by 2- 
in. surface. The actual dimensions of 
the shearing surface shall be measured 
(Section 113). 

Procedure 

82. A shear tool similar to that illus- 
trated in Fig, 13, providing a |-in. offset 
between the inner edge of the supporting 
surface and the plane along which the 
failure occurs, shall be used. The load 
shall be applied and the specimen sup- 
ported on end-grain surfaces. Care 
shall be taken in placing the specimen in 
the shear tool to see that the cross bar is 
adjusted so that the edges of the speci- 
men are vertical and the end rests evenly 
on the support over the contact area. 
The maximum load only will be observed. 

Speed of Testing 

83. The load shall be applied con- 
tinuously throughout the test at a rate 
of 0.015 in. per min. (Section 114). 

Test Failures 

84. The failure . shall be sketched on 
Idle data card.^^ In all cases where the 
failure at the base of the specimen ex- 

M See Fig. 11 of the Appendix for a sample tangential- 
shear-oarallel-to-grain data sheet form. 
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tends back onto the supporting surface, 
the test shall be culled. 

Moisture Content 

85. The portion of the test piece which 
is sheared off shall be used as a moisture 
specimen (Section 112). 

Tension Perpendicular to Grain 
Size of Specimens 

86. The tension-perpendicular-to* 
grain tests shall be made on specimens 


Speed of Testing 

88. The load shall be applied con- 
tinuously throughout the test at a rate 
of 0.25 in. per min. (Section 114). 

Sketch of Failure 

89. The failure shall, be sketched on 
the data card.^® 

Moisture Content 

90. One of the pieces remaining after 
failure, or a section split along the sur- 



Conducting Shear-Parallel-to-Grain Test, , 

with Details of Test Specimen. face of failure, shall be used as a moisture 

specimen (Section 112). 


of the nominal size and shape shown in 
Fig. 14. The actual width and length 
at minimum sections shall be measured 
(Section 113). 

Procedure 

87. The specimens shall be held dur- 
ing test in grips as shown in Fig. 14. 
The maximum load only shall be ob- 
served. 


Cleavage 
Size of Specimens 

91. The cleavage tests shall be made 
on specimens of the form and size shown 
in Fig. 15. The actual width and length 
at minimum section shall be measured 
(Section 113). 

“See Fig. 12 of the Appendix for a sample radial- 
tension-perpendicular-to-grain data sheet form. 
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Procedure 

92. The specimens shall be held during 
test in grips as shown in Fig. 15. The 
maximum load only shall be observed. 

Speed of Testing 

93. The load shall be applied con- 
tinuously throughout the test at a rate 
of 0.25 in. per min. (Section 114). 

Sketch of Failure 


94. The failure shall be sketched on 
the data card.^® 



Fig. is. — Diagrammatic Sketch of Method of 
Conducting Cleavage Test, with Details of 
Test Specimen. 


Moisture Content 

95. One of the pieces remaining after 
failure, or a section split along the .sur- 
face of failure, shall be used as a moisture 
specimen (Section 112). 

Tension Parallel to Grain 
Size of Specimens 

96. The tension-parallel-to-grain tests 

1* See Fig. 13 of the Appendix for a sample radial- 
cleavage data sheet form. 


shall be made on specimens of the size 
and shape shown in Fig. 16. The actual 
cross-section dimensions at minimum 
section shall be measured (Section 113). 

Procedure 

97. The specimen shall be held during 
test by plates notched to fit around the 
test piece and under the 0.25-in. shoulder 
provided for that purpose. A spherical 
bearing shall be used on at least one 



Fig. 16, — Details of Tension-Parallel-to-Grain 
Test Specimen. 

end of the specimen. Maximum load 
only will be observed. 

Speed of Testing 

98. The load shall be applied con- 
tinuously throughout the test at a rate 
of 0.05 in. per min. (Section 114). 





See Fig. 14 of the Appendix for 
parallel-to-grain data sheet form. 


iple tension- 


« See Fig. 15 of the Appendix for a sample specific 
gravity and shrinkage-in-volume data card form. 


Sketch of Failure 

99. The failure shall be sketched on 
the data sheet.^'^ 

Moisture Content 

100. A moisture section about 3 in. 
in length shall be cut from the minimum 
section near the failure (Section 112). 


actual cross-section dimensions and 
length shall be measured (Section 113). 

Procedure 

102. (a) Both specific gravity and 
shrinkage-in-volume determinations 
shall be obtained on the same specimen. 
(d) A carbon impression of the end of 


Fig. 17.- -Method of Conducting Specific Gravity and Shrinkage-in-VoIume Test. 


Specific Gravity and 'Shrinkage 
IN Volume 

Size of Specimens 

101. The specific gravity and shrink- 
age in volume tests shall be made on 
nominal 2 by 2 by 6-in. specimens. The 


the green specimen shall be made on the 
back of the data card.^® In like manner, 
a carbon impression of the same end shall 
be made after the specimen has been 
oven dried. (See Paragraph (e).) 

(c) The specimen shall be weighed 
when green (Section 112) and the volume 
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shall be determined by the immersion 
method. 

(d) The green specimens after immer- 
sion shall be open-piled and allowed to 
air-season under room conditions until 
approximately constant weight is at- 
tained. 

(e) The specimens shall then be open- 
piled in an oven and dried at 100 C. 
until constant weight is reached. 

(f) After oven drying, the specimens 
shall be weighed (Section 112) and while 
still warm shall be immersed in a hot 


Weight 

104. The specimen shall be weighed 
when green and after subsequent oven 
drying (Section 112). 

Dr3dng 

105. (a) The green specimens shall be 
open-piled and allowed to air-season un- 
der room conditions until approximately 
constant weight is attained. 

(b) The specimens shall then be open- 
piled in an oven and dried at 100 C. 
until constant weight is attained. 



Fig. 18, — Method of Measuring Radial and Tangential Shrinkage. 


paraffin bath, care being taken to remove 
them quickly to insure a thin coating. 

(g) The volume of the parafl&n-coated 
specimen shall be determined by immer- 
sion as before. 

(h) Figure 17 illustrates the apparatus 
used in determining the specific gravity 
and shrinkage in volume. 

Radial and Tangential Shrinkage 
Size of Specimen 

103. The radial and tangential-shrink- 
age determinations shall be made on 
nominal 1 by 4 by 1-in. specimens. The 
specimen shall be measured across the 
(4-in,) dimension in which the shrinkage 
is to be determined (Section 113). 


Final Measurement 

106. Final measurement shall be made 
on the oven-dry specimen.^® 

Method of Measurement 

107. Figure 18 illustrates the method 
of making the radial and tangential- 
shrinkage measurements. An ordinary 
micrometer of required accuracy is suit- 
able for this work (Section 113). 

' Moisture Determination 

Selection 

108. The sample for moisture deter- 
minations of each test specimen shall be 

w Sec Fig. 16 of the Appendix for a sample radial and 
tangcntial-Stinkagc data card form. 
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selected as heretofore described for each 
test. 

Weighing 

109. Immediately after obtaining the 
moisture sample, all loose splinters shall 
be removed and the sample shall be 
weighed (Section 112). 

Drying 

110. The moisture samples shall be 
open-piled in an oven and dried at a 
temperature of 100 C. until constant 
weight is attained, after which the oven- 
dry weight shall be determined (Section 
112 ). 

Moisture Content 

111. The loss in weight expressed in 
percentage of the oven-dry weight as 
above determined shall be considered 
the moisture content of the specimen. 

Permissible Variations 
Weights 

112. The weight of test specimens and 
of moisture samples shall be determined 


to an accuracy of not less than plus or 
minus 0.2 per cent. 

Measurements 

113. Measurements of test specimens 
shall be made to the nearest O.Ol in. 
except in the case of tension parallel to 
grain, radial shrinkage, and tangential 
shrinkage, when measurements shall be 
taken to the nearest 0.001 in. 

Testing Machine Speeds 

114. In no case shall the testing ma- 
chine speed used vary more than 25 per 
cent from that specified for a given test. 
The load shall be applied continuously, 
without interruption, at the required 
speed throughout the test. 

Calibration 

Calibration 

115. All apparatus used in obtaining 
data shall be calibrated at sufficiently 
frequent intervals to insure accuracy.^® 

2" Standard Methods of Verification of Testing Ma- 
chines fA.S.T.M. Designation E4), which appears in this 
publication, see Contents in Numeric Sequence of 
A.S.T.M. Designations at front of book. 
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STATIC BENDING 

QenfM... Loading - wl,:)- 

'wi'm- Station. Madison Date.du^J.l-k -vpvijifsr,- 

Speei0S...M9.y.S/l?.?...f:LC Grade ..Cj.ear. Seasoning...Green, 


Rings .......3 Sap..Q. Summerwood ...±Q, ^ Moisture. 3/, 4 ^ 

Span ?.8Jn, Length... 3 QMJ.O.:... HeigU MUo...... Width. MQM... Weight. IM/.g:-. 


s«c,„c^ 

.MV.TY, 

r-SATE-L 

Mor*. 

MOEE. 

SHEAR. 





om 

0478 

5410 


..175.6.... 

.29.?... 

0.92 

7. ! 

20. 9 

















■ 









■ 1 

r ] 


Rings; Up.i Mia. j ww. t 





Sum. Uiood; Up. J Mid. i 

Defects 

Failure ....Qp.tX?ftr.4.9.?/.o.O....Fol.fi 





r 




owed bv 




.....M. 





F‘ 1 


Fig. 2.— Sample Computation Data Card for Static Bending Test. 


kM... . f- a ... COMPRESSION PARALLEL TO GRAIN ,o, 

(swp.'ho' 5' '{sifcViitV.)" "'(Lki 

"(S'irii'oT •■■^VrkT' station ..M.Q.(lm.n. Date .Au3..2Sj9j4 ■■■■-I 

Sfeeies .QjiiJg/.as...F/r. Grade ..Qe.gcr... Seasoning ..Gre.m... 


Dings — §, Sap ....9.8. % Summerwood ... .3.8.. jj Moisture tSZ.8 fi 


Length .8.Q0Jn_._ Cross section ?.-.SL{n:.... X Weight 


SrBctritf Gravity i 




M.orE. 

1 .IUS atE.L. 

Dep.atX. 2,. 

AtTc.t 

O..D., 

M.U.. 

0.426 

14 750 

I 3220 

3.660. 

J99Z 

1/3 000,.. 

0.0097 


















Defects 


Failure ......Qb8.g.r.gt..l9f>. 



Fig. 3,— Sample Computation Data Card for Compression-Parallel-to-Grain Test. 
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.£-.3/5 Fr.// 

/ _ o/-2 

(Piece No.) (Mali) 

Species D_g_ug,Ja,s^ 


COMPRESSION .PERPENDICULAR TO GRAIN 

Station Madison Bate A vs-.?&J.9A± 
- Grade ..Clear...... Seasc 


.10115^.... 

IM...... 

(Projoet ifo.) 


Rings. — S . — Sap l.Q.O_ _ — ^ Summerwood .3.8 f Moisture C2.../ ^ 


Width of plate Length .. CO O.in.. Height .Z.QO.jn,. Width. .2...0/jh,. Weight ..M?.g.-... 


SPECino Gratitt 


C»"««-8r.aTE.L. 

A + h 


At Teat, 

Ov, Dry 

ft 752 

0.452 

2000 

A88 
















Fig. 9. — Sample Computation Data Card for Compression-Perpendicular-to-Grain Test. 


Lr. 3 J.l £7.19. 

(Ship. No.) (Stick No.) 

I dr 4 ... 

(Pleoo'No.) (Mark.) 


HARDNESS 

Station .MADj.SQN 

Craia ..Clear ., 


DaledV.g.M--A.. 


toi no 

"(iCab.'No.)" 

(IToieoiNo.) 


Rinss S... Sap fa SummawaoJ .3.3. % Matsture .....S.liX ..J6 

Ungth ....Gi.QLJj}.:. Oo« oatian ....MQ-iO.:.... x ....Z-.M.in.:.... V/titht .?±£..g.-. 



SncincGnAviTv. 


laaocNTUc 

sow.. 


Or. Dry. 

S«MO«. 

1 

0.62Z 

o.m 

460 

S70 

SZ5 




520 

460 

500 . .. 

3 





BIO 

4 





SIO 

Avc., 



490 

SIS 

51! 


Avn, Rad, and Tawo. 30Z- 


Fig. 10.— Sample Data and Computation Card for Hardness Test. 
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SHEAR 



Fig. 11.— Sample Data and Computation Card for Tangential-Shear-Parallel-to-Grain 
(Surface of failure tangential.) 


.R. TENSION PERPENDICULAR TO GRAIN 


...t:.3L5_ 

(Ship. Ho.) (8Uck No.) 

!. 

(PlKO Ho.) (Stork) 

Speeiet. S.oys!f!&..f.i!:.. 

Sings .4 Sap. 


„ lOJ 189 
(ub.'No.y” 

5Ia«o»„.MA.D|SON DaUj.VS^V-/4 124- 

(ProjwtHo.) ■' 

Grade.,..Clegr.... Seasoning 

-44 ...fc Summerumd......3.0. <f„ msture....44._g 



8-2i!6 

Fig. 12.— Sample Data and Computation Card for Radial-Tension-Perpendicular-to-G 
(Surface of failure radial.) 


Test. 


lin Test 
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Brit.. 

OUlp-No.) <$UckKo;) 


„ / C-5. 

“(Piece Ho.) (Mark) 

Saems ...S.o.u.s!a.s.£ir. 


Station. 


Mings & Sap. 


R CLEAVAGE 

<LiiU Mo.) 

MADISON DateJ.V.^aL 7 M. -JM. 

(ProjeciNo.) 

Grade Slmr. Seasoning -..&rma 

ZS.. Summerwood ....3.Q. .ji Moisture ^ 



—^UU - 

Fig. 13. — Sample Data and Computation Card for Radial-Cleavage Test. 
(Surface of failure radial.) 


(aUy.Ko.) 

...z 

(Piece Ho.) 


TENSION 


PARALLEL 


S~f Stnii^ n MADISO N 

(M«A) 


TO GRAIN 

I)au.dm.?.?^.'l3 g?./.-:/..™ 

(Project Ho.) 


Species....5e.V.g/sg.4...&C. Grade...C/jS.&j:..- Seasoiang...Q.r.Re.a. 

mngt /<?. Sap...:r::. % Summ$rmoi...M. % Moislure...^Z-.S. JS 


CXOM SS<TrOM> 




0.B4I X 0.6/7 


4670 

118/0. 










D==sZO^ 
Hm. . — lU cq 


Fig. 14.— Sample Data and Computation Card for Tension-Parallel-to-Grain Test. 
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SPECIFIC GRAVITY AND VOLUMETRIC SHRINKAGE 
Z-3./5 .. S-6 

TsTICK no.) . Jf /A 

/ 

*(pI¥oB'Noy" (mark) 

SPECIES - 


NOMINAL SIZE ' 


H 


MO?8T 

VOLUME 

sr;? 

p 3 :; 

% VOL. 

1 SHRINKAGE 


Aua.20.~/4. 

8 

2SZ 

33.2 

398 

0.636 

39.6 

13,8 

AIR DRY 1 









KILN DRY 









OVEN DRY 

Sep.iS.-fA 


190 


343 

0.554 

34.5 



X BAteO ON ORIOINAL V< 


IE (OBEEN. AIR DRV. KILN DRY) 


Fig. IS.—Sample Data and Computation Card for Specific Gravity and Shrinkage-in-Volume Test. 



SHRINKAGE-RADIAL AND TANGENTIAL 


STATION-MADISON. WISCONSIN 


/<?/ SO0 

.mm. 

-2^ 


Douglas Fir 


NOMiNAt SUE or sBEc-iME M / in. X 4 in. X / in. 


..*«*IR. 

RAY. 


% SAP 


ZIZ 

% 

% SHRlNKAaS 

RADIAL j 

GREEN- 

Mua. I9‘I4 

n 

30 

4/ 

4.006 

43.8 

66. S 


^OVEN-DRY 

Oct. 5-14 




3.808 

29.9 


4.9 










[ TANGENTIAL | 

GREEN 

Auct.l3-M 

12 

OS 

34 

4.0/6 

64.0 

H9, / 


OVEN-DRY 

Oct 5-14 




3.632 

29.2 


9.5 











X BASED ON GREEN Wltmj 


f'lG. 16,--Sample Data and Computation Card for Radial and Tangential-Shrinkage Tests. 



APPROVED AS • 

AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO,: 04b-1927 


Standard Methods of 

STATIC TESTS OF TIMBERS IN STRUCTURAL SIZES^ 


A.S.T.M. Designation: D 198 ~ 27 
Adopted, 1927.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 198; the final number indicates the 3''ear of original 
adoption as standard or, in the case of revision, the year of last revision. 

Although numerous tests of timber in stimctural sizes have been made for 
various purposes, there has been a general lack of uniformity of test procedure. 
Consequently, it has not been possible to correlate data from different sources, 
nor have the results obtained by different investigators contributed their 
full measure of usefulness toward an increasing fund of knowledge. Study 
and experience have shown the extent to which various factors, such as load- 
ing appliances, rate of loading, etc., influence test results, and it is with the 
thought of standardizing these and other factors that this test procedure is 
prepared. The plan has been to cover very definitely the tests of certain types 
of timbers such as bridge stringers and joists and at the same time to suggest 
procedure, so far as possible, for other structural timber forms. Summarized, 
the underlying purpose is the establishment of practice which will afford 
uniform results of the greatest ultimate value from all tests of timbers and at 
the same time permit the correlation of data so far as possible with existing 
data on timbers of certain species. 

It is not the intention to discourage the use of methods other than those 
herein prescribed whenever the testing problem is of such nature as to warrant 
their application. However, experience has emphasized the importance of 
the requirements that have been specified in these methods, and variations in 
apparently minor details -will often seriously affect the data obtained. It is 
recommended that any variations frorh the methods herein prescribed shall 
be recorded. 

The field of timber testing is so broad, and involves so many objectives, 
particularly when built-up or manufactured articles are considered, that it is 
obviously difficult, if not impossible, to formulate correct procedure for all 
such cases. Ample opportunity, therefore, still awaits the application of 
initiative to special testing problems and promotion of progress in the art. 

It is hoped, however, that the principles incorporated in these methods will at 
least serve to some extent as a guide in tests- of even a special nature. 

1 Under the standardizatLon procedure of the Sodety, 

these methods are under the jurisdiction of the A.S.T.M. 2 Prior to adoption as standard, these methods were 
Committee D-7 on Timber published as tentative from 1924 to 1927, 
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The test methods presented are the outgrowth of years of experience and 
research, largely on the part of the United States Forest Service. Such 
sample data forms are included as were thought helpful to investigators in 
systematizing records. No attempt has been made to cover methods of 
computation or analysis, as these were considered to lie outside the scope of 
the standard. Data properly recorded can be analyzed at will, but funda- 
mental differences in test procedure present a barrier beyond which analysis 
and correlation of results cannot proceed with any degree of assurance. 


Purpose of Tests 

1. Tests of timbers in structural sizes 
are made to afford: 

(a) Data upon which to base the 
formulation of grading rules and 
specifications. 

(b) Data upon which to establish the 
relation between the strength properties 
of structural timbers and of small clear 
specimens cut from them, and for use in 
the establishment of allowable stresses. 

(c) Data as to the influence of defects 
on the mechanical properties of timbers. 

(d) Data on the strength properties 
of different species in structural sizes. 

(e) Data for use in checking existing 
formulas relating to structural timbers. 

(/) Data as to the influence of season- 
ing on the mechanical properties. 

(g) Data as to the effect of form and 
shape of specimen on the properties. 

(h) Data as to the influence of pre- 
servatives and methods of preservative 
treatment on the mechanical properties. 

Classes of Tests 

2. In general, tests of timbers are 
divided into two classes, as follows: 

(a) Major tests, that is, tests of prin- 
cipal members under investigation. 

(5) Minor tests, that is, tests of small 
clear specimens cut from the principal 
members. 

Kind of Tests 

3. {a) The principal tests of such 
structural timbers as bridge stringers or 
joists are : 

Static bending, 


Compression parallel to grain, and 
Compression perpendicular to grain. 
(b) The accompanying minor tests on 
small clear specimens are: 

Static bending, 

Compression parallel to grain, 
Compression perpendicular to grain, 
Hardness, and 
Shear parallel to grain. 

Collection of Material 
Selection 
Authentic Identification 

4. The material for test shall be se- 
lected by one qualified to identify the 
species. 

Procedure for Bridge Stringers, Joists, 
etc. 

5. In any given case, the number of 
test specimens shall be determined from 
due consideration of the purpose in 
mind, since definite instructions cannot 
be given to cover all cases. The follow- 
ing procedure applies particularly to 
full-size timbers, such as bridge stringers 
and joists, and incidentally to other 
types, as fabricated beams, to w^hich 
special reference will be made in para- 
graphs set in smaller type.^ 

Number and Size of Major Specimens 

6. (a) For tests of timbers of any 
given species in structural sizes, such as 
bridge stringers, requiring a range in 
grade of material, at least forty 32-ft. or 
eighty 16-ft. green unsurfaced timbers 
should be selected in a manner that will 
provide representative material. The 
length of specimens required for test is 
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dependent upon the depth. For sug- 
gested lengths of timbers other than 
bridge stringers, see Section 22 (6), (c), 
and (d). 

(b) Timbers 8 by 16 in. or 6 by 12 in. 
in nominal cross-section are especially 
recommended. 

Selection and Matching of Specimens 

7. Each 32-ft. timber shall be cut in 
half to furnish one 16-ft. specimen to be 
tested green and one to be tested air-dry, 
thus affording end matching. Where 
only 16-ft. material is available, the 
timbers shall be selected and matched 
in pairs, one timber to be tested green 


Shipment Number 

9. All material collected at a given 
source and shipped at one time shall be 
given a shipment number or other 
designation which shall be incorporated 
in the test records. 

Field Descriptions 

Field Descriptions 

10. Field notes fully describing the 
material shall be carefully made by the 
collector. These notes shall, so far as 
possible, supply data as outlined in 
Table I and shall be forwarded for 
incorporation in the record. 


TABLE 1.— SHIPMENT DESCRIPTION FIELD NOTES. 


Project No., XC 
Tree No., 1 

Locality cut: State, Florida 

Township, T3N; R25E 

Slope, Level. Absolute elevation, 38 ft. 

Undergrowth, Small amount — scattered 
Height, 110 ft. Seedling or sprout, Seedling 
Crown, Large, well developed 
Stem, Clear, straight 

How and when transported from woods. By wagon, May, 1914 
LIST OF SPECIMENS. 


Shipment No., 012 
Species, Longleaf pine 
County, Nassau 
Date cut, April, 1914 

Aspect, 

Soil, Sandy 
Age, 241 years 
D.B.H., 2(5 in. 
Date sawed, May 12, 1914 


Piece No. 

Size of Specimens 

Volume, cu. ft. 

Footage, b. m. 

Weight, lb. 
(Show date) 

Length, ft. 

Width, in. 

Depth, in. 

1 

16.10 

7.50 

15.50 

13.00 

171 

660 


Remarks: Note any other special points which would be of value. 


and the other to be tested air-dry. In 
matching these 16-ft. timbers all factors 
influencing their strength should, so far 
as practicable, be considered. Some of 
the most important factors are density, 
rate of growth, direction of grain 
(straight, diagonal, or spiral), character 
and location of defects (such as knots, 
checks, etc.), position of specimen in 
tree with respect to cross-section or 
height, and the characteristics of indi- 
vidual trees. 

Field Marking 
Butt Designation 

8. At the time of selection a mark 
shall be made on each timber to desig- 
nate the butt end, 


Preparation for and Records of Shipment 
Preparation for Shipment 

11. {a) The ends of all green timbers 
shall be given a coating of paint or other 
suitable substance to retard end drying 
and end checking, care being taken to 
retain the butt designation. They shall 
be close-piled, and before and during 
shipment shall be kept covered with 
damp shavings or other substance to 
prevent drying. If conditions are par- 
ticularly favorable to the development 
of molds, stains, or decay, the specimens 
shall first be brushed or sprayed vrith a 
dilute solution of copper sulfate, or 
similar toxic solution. 

(i) Record shall be made of the ship- 
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ment routing, bill of lading, kind of 
shipment, date of shipment, and condi- 
tion of material when shipped. 

(c) Record shall also be made of date 
of receipt of shipment at destination, its 
condition and the method of storage. 
The time elapsing between the sawing 
of green timbers and their testing should 
be reduced to a minimum. 

Disposition oe Material at 
Destination 

Grouping 

12. When the material arrives at the 
testing laboratory, it shall be divided 
into two matched groups of timbers of 
approximately like quality as specified 
in Section 7, one portion to be tested 
green and the other to be weighed and 
placed under cover for air seasoning 
prior to testing. After the 32-ft. timbers 
have been cut into 16-ft. lengths, the 
specimens to be air-dried shall be selected 
alternately from butt and top cuts. 

Marking 

13. The butt end of each 16-ft. speci- 
men shall be designated and the 
top end “R”. Other symbols shall be 
given to each timber in classifying it as 
to density, position in tree, defects, or 
other factors that are under considera- 
tion. The minor test specimens and 
data forms shall carry such of these 
symbols as may be necessary to identify 
them fully. 

Storage 

14. (a) The material to be tested 
green shall be close-piled on skids which 
are free from contact with the soil, and 
shall be kept covered. It shall not be 
held long enough to permit seasoning? or 


* The many factors which influence the rate of season- 
ing, such as species, moisture content, and diverse climatic 
differences, preclude the establishment of a definite limit 
of loss in weight which may be permitted in green material 
prior to test. 


damage from checking, decay, or insect 
attack. 

(b) The ends of the specimens to be 
air-dried shall, if necessary, be given a 
suitable coat of pitch, paint, or other 
substance to retard checking. The 
specimens shall be open-piled in a place 
allowing free access and circulation of 
air, but shall be protected from sunshine, 
rain, snow, and moisture from the 
ground and shall not be subjected to 
artificial heat. 

(c) All of the timbers to be air-dried 
shall be weighed when stored and at 
sulBSciently frequent intervals thereafter 
to afford accurate data on the progress 
of seasoning. No material shall be 
considered thoroughly air-dry and fully 
conditioned for testing until practically 
constant weight has been reached.^ 
(Wood absorbs and gives off moisture 
with changing atmospheric conditions; 
consequently it never comes to abso- 
lutely constant w^eight.) 

(d) When properly seasoned, the tim- 
bers shall be surfaced on four sides 
before being tested. 

Kind and Number of Tests 
Specimens for Major Tests® 

IS. (a) Major Bending . — The struc- 
tural member proper shall be tested as a 
beam. (See Sections 19 to 30.) 

{h) Compression Perpendiadar to 
Grain . — A section 60 in. long shall be 
cut from the “A” or butt end of each 
beam after test, except when end “A” 
fails by shear in the bending test, in 

< A desirable condition for testing air-day material in 
small sizes may be considered as about 12 per cent mois- 
ture content. Large timbers, such as bridge stringers, 
however, usually dry slowly, but may be considered condi- 
tioned when, during the season of most rapid drying, suc- 
cessive weighings indicate the moisture content is as low 
as may reasonably be expected, with due consideration to 
the climatic conditions of the locality. Such seasoning 
may require from about one to four years. 

The procedure outlined utilizes to best advantage the 
entire major specimen and if carefully followed will not 
usually, admit the inclusion of specimens which have been 
seriously strained in the major bending test. The com- 
pression specimens referred to in Sections lS(i) and (c) 
necessarily include, such defects as are normal to the mate- 
rial under test. 
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which case the section shall be taken 
from the "‘iS” or top end. A specimen 
30 in. long for compression-perpendicu- 
lar-to-grain test shall be cut from that 
end of the 60-in. piece which is nearer 
the point of loading. 

(c) Compression Parallel to Grain . — 
Two compression-parallel-to-grain speci- 
mens, each 6 by 6 by 24 in., shall be 
taken from the farther end of the 60-in. 
piece specified in Paragraph (6). 

Specimens for Minor Tests® 

16. (a) A 50-in. section shall be cut 
from the end of the beam opposite that 
required for the 60-in. specimen specified 
in Section 15 {h). Six 2 by 2 by 50-in. 
sticks shall be taken from this piece. In 
case defects make it difficult to obtain 
certain of the other clear specimens 
hereinafter provided for, they may be 
secured from the uninjured portion of 
the minor static bending specimens after 
the test covered in Paragraph (&). 

(d) Static Bending. — Six static bend- 
ing specimens free from defects shall be 
taken, one from each of the 50-in. sticks 
specified in Paragraph {a). 

(c) Compression Parallel to Grain . — 
Six compression-parallel-to-grain speci- 
mens free from defects shall be taken, 
one from each of the 50-in. sticks speci- 
fied in Paragraph {a). 

(d) Compression Perpendicular to 
Grain.— Three compression-perpendicu- 
lar-to-grain specimens free from defects 
shall be taken, one from each of three of 
the 50-in. sticks specified in Paragraph 
(«). 

(e) Hardness. — Three hardness speci- 
mens free from defects shall be taken, 
one from each of three of the 50-in. 

The procedure outlined utilizes to best advantace the 
entire major specimen and if carefully followed will not 
usually admit the inclusion of specimens which have been 
seriously strained in the major bending test. As specified 
in Section 26 of the Standard Methods of Testing Small 
Clear Specimens of Timber (A.S.T.M. Designation: I) 143), 
which appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book, 
the minors selected shall be free from defects which will 
affect he properties under consideration. 


sticks specified in Paragraph (a) other 
than those from which the specimens 
specified in Paragraph (d) are taken. 

(/) Shear Parallel to Grain. — Twelve 
shear specimens free from defects shall 
be cut, two from each of the 50-in. sticks 
specified in Paragraph {a). One speci- 
men from each pair taken from the same 
stick shall be tested in radial shear 
(surface of failure radial to growth rings) 
and the other in tangential shear (surface 
of failure tangential to growth rings). 

Photographs of Timbers 

17. All air-dried timbers shall be 
photographed on four sides both before 
and after test. All green timbers shall 
be photographed on four sides after 
test only. The middle of the length of 
the beam, the load and support points, 
and the order of occurrence of the failures 
shall be indicated so as to show in the 
photograph; if necessary to bring them 
out in the photograph the failures should 
be penciled or pointed. 

Moisture Control 
Control of Moisture Content 

18. (a) As specified in Section 14 (c), 
the major specimens to be tested in the 
air-dry condition shall be brought to 
practically constant weight before test. 
All tests shall be carried out in such a 
manner as to prevent large changes in 
moisture content. 

{b) All minor specimens shall be 
tested immediately after cutting from 
the majors to prevent change in moisture 
content. 

Static Bending Test of Structural 
Size Timber 

Size and Weight 

19. (a) The beam shall be weighed 
before test. The length and the actual 
depth and width at the center shall be 
measured. 
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(J) For nonrectangnlar beams or beams non- 
uniform in section, data shall be secured from 
Avliidi the exact size and shape of the section at 
any point throughout the length may be 
obtained. 

Additional Marking 

20. In addition to the markings pre- 
viously made, the four faces shall be 
lettered “a,” “c,” and “d,’’ begin- 

ning with a for the face to which the 
load is applied and proceeding succes- 
sively to the right (clockwise) when 
viewed from, the “/V’ or butt end of the 
timber. 


heartwood, the location of pith, when 
present, and the direction of the annual 
rings (see Fig. 1).® Detailed record 
shall also be made of other defects which 
ma}'- be present, such as crook, bow, cup, 
and twist.® The number of rings per 
inch and proportion of summerwood at 
both ends shall also be recorded. 

Loading, Span, and Supports 
22. (a) For timbers in structural sizes 
such as bridge stringers and joists, 
third-point loading over a span length 
of 15 ft. shall be used. Knife-edges 


/PoIntofSapporf- 


r-Load Points 


Point of Support-,^ 



Elevsn R.P.I, 
andSS'iSvm- 
menvDod Mm- 
suredonaPa- “o” Face 
prcserifah've 
Padiallinso\fr 

Z'djtf’andSd’ 

Inches. \ 

i 

“ci”Fac 6 

-Sketch of Structural Size Timber Showing Method of Recording Location and Type of 
Defects and Other Pertinent Data. 


Broken lines indicate test failures, and the accompanying numbers, their order of occurrence. 


Sketch of Beam 

21. As part of the record, a sketch 
shall be made of the faces and ends of 
each beam showing the size, location, 
and type of defects, including cross- 
grain," the distribution of sapwood and 


’’ Cross-grained wood is that in which the wood cells or 
fibers do not run parallel with the a\is of tire piece. Cross- 
grain may be classiiied as spiral, diagonal, dip, wavy, 
curly, and interlocking. Definitions of these terms may 
be found in the Standard Definitions of Terms Relating 
to Timber (A.S.T.IM. Designation; D 9) , which appears in 
this puhlicatipn, see Contents in Numeric Sequence of 
.\.S.T.M. Desigmitions at front of liooh. Thepresenceof 
diagonal and spiral grain is u.snally indicated by surface 
checks: these invariably follow the direction of the grain. 
I'tie amount of cross-grain in any portion of a timber may 
be expressed by the slope of the fibers (or checks) oh each ■ 
face with respect to the edges of the piece. Thus, a slope 
of 1 in 10 indicates a departure of the fibers from the direc- 
tion of the axis of the .specimen of 1 in. in 10 in. of length. 


rigidly attached to an auxiliary beam 
which in turn is hinged by a knife-edge 
sball be used in applying the load. The 
supporting knife-edges shall preferably 
be of the half-rocker type, and shall be 
so placed as to rock outward. To pre- 
vent accident or damage from their 
being thrust suddenly outward on failure 
of the specimen, they should be tied 
together by means of a slack chain or 
cable. Metal bearing plates 6 in. in 

* Cross-section paper or quadrille-ruled note book 
paper is recommended for conveniently making this sketch 
of the beam W scale. 

® For definitions of these terms, see U. S. Department 
of Agriculture Cfrcwfor No. 296, p. 65. 
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width and not less than I in. in thickness 
and extending entirely across the face 
of the beam shall be used over the sup- 
porting knife-edges. (See Fig. 2.) 

(b) When beams are tested with respect to 
particular uses, the dimensions shall be such as 
to simulate actual conditions as closely as 
practicable. 

(c) Fabricated beams such as I or box types 
shall be full size or solid at the loading points 
without abrupt change from the solid to the 
normal beam section. 

(d) Center loading shall not be used for 
beams over 4 in. in depth when the span-depth 
ratio is 14 or less. 


specified for third-point loading under 
Paragraph (a). 

(c) Whenever possible, span-depth 
ratios between 11 and 15 shall be used. 
For span-depth ratios less than 14, the 
radius of curvature of the bearing blocks 
shall be proportionally increased over 
that specified in Paragraphs (a) and (b). 

{d) Bearing blocks of the form and 
size shown in Fig. 3 shall be used at the 
load points in testing timbers in struc- 
tural sizes, such as 6 by 12-in. and 8 by 
16-in. bridge stringers, on a 15-ft. span. 



Fig. 2. — Diagrammatic Sketch Showing Method of Conducting Static Bending Test of Structural 
Sizes of Timber. 


Bearing Blocks 

23. (a) When testing beams under 
third-point loading on a span equal to 
14 times the beam depth the load shall 
be applied through bearing blocks ex- 
tending entirely across the face of the 
beam and having a radius of curvature 
three times the depth of the beam for a 
chord length at least equal to the depth 
of beam. Additional bearing may be 
obtained by continuing the curvature in 
both directions at a radius equal to twice 
the depth of the beam. 

(&) For beams loaded at the center, the 
radius of the bearing block shall be one-half that 


(e) Wlien tlie depth of beam is greater 
than 4 in., a thin steel plate slightly 
wider than the beam shall be placed 
between the loading block and the beam. 
For beams up to 6 in, in depth, the 
thickness of this plate shall be from 
to I in. For greater depth the thickness 
of plates shall be increased slightly to 
about in. for timbers 6 by 12 in. or 
8 by 16 in. in cross-section. 

(/) For fabricated sections such as airplane 
I and box beams up to 6 in. in depth, the plate 
shall be from to -fy in. in thickness. 

(g) Metal bearing plates and rollers 
shall be used between each bearing block 
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and its corresponding knife-edge. The 
plates between rollers and knife-edges 
shall be not less than 1-} in. in thickness. 
If the supporting knife-edges are of the 
full-rocker type rather than the half- 
rocker type recommended in Section 22 
{a), rollers shall be placed under one 
loading knife-edge only. 



]|iG. 3, — Details of Bearing Block for Tim- 
bers 12 to 16 in. in Depth When Tested in 
Third-Point Loading over 15-ft. Span. 


Placement of Specimen in Machine 

24. The beam shall be placed in the 
testing machine symmetrically with 
respect to the supports. Parallelism 
shall be obtained at bearing points. In 
the case of warped beams, wedges or 
shims shall be used between the plate 
and the loading or supporting knife- 
edges or both, as may be necessary to 
obtain an even bearing before the load 
is applied.^'* In the case of timbers 
containing defects, the load shall be 
applied to the poorer of the loading 
faces. 


i«Thc use of shims or wedges is recommended in 
preference to planing because in certain cases the latter 
procedure may effect changes in section where undesirable. 


Speed of Testing 

25. (a) The load shall be applied 
continuously, and with a uniform motion 
of the movable head throughout the 
test. 

(b) Case 1 . — Beams 4 in. or less in 
depth when containing defects, or 8 in. 
or less in depth when free from defects, 
shall be tested at a rate of fiber strain of 
0.0015 in. per inch of outer fiber length 
per minute.^^ 

Case 2 . — Beams over 4 in. in depth 
when containing defects, or over 8 in. in 
depth when free from defects, shall be 
tested at a rate of fiber strain of 0.0007 
in. per inch of outer fiber length per 
minute.^i 

{c) For two symmetrica] concentrated 
loads the rate of motion of the movable 
head of the testing machine may be 
calculated from the formula: 

iV'==3-|(3I-4a) 

where: 

N = rate of motion of moving head in 
inches per minute, 

z = unit rate of fiber strain in inches 
per inch of outer fiber length 
per minute, 

a = distance from support to ad- 
jacent load in inches, 

d — depth of beam in inches, and 

L — span in inches. 

For example, in testing beams 16 in. in 
depth under third-point loading and on 
a 15-ft. span, the rate of motion of 
movable head shall be 0.26 ± 0.065 in. 
per min,® 

(d) For center loading, the rate of 
motion of the movable head of the test- 
ing machine may be calculated from the 
formula: 


where the same legend applies as under 
Paragraph (c). 

“ For permissible variation in rate of motion of mov- 
able head see Section 51, 
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Load-Deflection Curves 

26. {a) Load-deflection curves shall 
be plotted throughout the test.^^ ^he 
load and deflection at first failure, at the 
maximum load, and at points of sudden 
change shall be shown on the curve, 
although they may have to be interpo- 
lated because of not occurring at one of 
the regular load or deflection increments. 

(6) The test shall be continued until 
the maximum load has been well passed. 
In the event of horizontal shear, the 
maximum load may occur after such 
failure. 

Method of Determining Deflection 

27. (a) Deflections of the beam at 
mid-height at the center of the span 
with respect to points at mid-height 
immediately above the supports shall 
be taken to the nearest 0.01 in. 

(6) Deflection may be read directly 
by means of a wire stretched between 
nails driven at mid-height of the beam 
immediately above the supports ' and 
extending across a scale attached at mid- 
height at the center of the span. Figure 
2 illustrates the method of test. A 
telescope or reading glass will be found 
useful in observing the deflections. 
When a reading glass is used parallax 
shall be prevented by placing a reflecting 
surface adjacent to the scale in order 
that the wire and its image may be made 
to coincide. 

(c) Where special refinement is de- 
sired, deflection readings may be taken 
simultaneously on both sides of the 
beam, the wires (Paragraph (b)) being 
supported over free running pulleys and 
held taut with small suspended weights. 

Description of Failures 

28. The failures shall be described in 
detail as to type, manner and order of 

See Fig. 1 of the Appendix for a sample static- 
bending data sheet and Fig. 2 of the Appendix for a sample 
computation data card. 


occurrence, and position in beam. The 
descriptions of the failures shall be 
suitably recorded and correlated with the 
load-deflection curves. The failures 
shall be sketched on the drawing of the 
beam referred to in Section 21, with 
notations as to the order of their occur- 
rence. The section of the beam contain- 
ing the failure shall be held for examina- 
tion and reference until analysis of the 
data has been completed. 



Nofe ■ 

Ar0a(l-h2-h3-t-4) = AreafS-f-S^Ji-S) 

Area 9 

Fig. 4. — Cross-Section of Timber Showing 
Method of Cutting Up Moisture Distribution 
Sections. 


Identification Sample 

29. A section of the beam at least 2 in. 
in length shall be retained for purposes 
of identification and future reference. 
The number of rings per inch and pro- 
portion of summerwood shall be recorded 
for this section. 
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Specimeas for Moisture Determinations Loading 

30. Two sections 1 in. in length shall 32. The load shall be applied through 
be cut from near the place of failure for a metal plate 6 in. in width placed across 
moisture determinations. One of these a clear face of the specimen at the center 
shall be used for determining the average of the length and at right angles to it. 
moisture content of the test specimen. The load shall be applied to a face which 
The other, which may be termed a corresponds to either the loading or sup- 
muisture-distribution section, shall be porting face of the static bending speci- 
used for determining the moisture con- men. (Section 24.) (See Fig. 5.) 



Fig, 5. — Diagrammatic Sketch of Metliod of Conducting Compression-Perpendicular-to-Grain Test. 


tent of different portions of the cross- 
section and shall be sawed into parts 
according to the pattern shown in Fig. 4. 
Moisture determinations in each case 
shall be made in accordance with the 
procedure specified in Sections 44 to 48. 

Compression Perpendicular to 
Grain 

Size of Specimen 

31. The compression-perpendicular- 
to-grain tests shall be made on specimens 
30 in. in length and of the cross-section 
of the major beam. The actual width 
and length shall be measured and re- 
corded, and all defects shall be described. 


Speed of Testing 

33. (a) The load shall be applied 
continuously throughout the test at a 
rate of motion of movable head^^ calcu- 
lated from the formula 

= 0.0175# 

where; 

N ~ rate of motion of moving head in 
inches per minute, and 
d ~ depth of beam in inches. 

. w Tests are now in progress to establish more definitely 
the proper rate of application of load; therefore, the re- 
quirement of this section may be changed on the comple- 
tion of the study. 



771 


Static Tests oe Timbers (D 198 - 27) 


(b) For the specimens 8 by 16 in. in 
cross-section, for example, the rate of 
descent of the movable head shall be 
0.060 ± 0.015 in. per min.^^ 

Load-Compression Curves 

34. Load-compression curves^^ shall 
be taken for all specimens until the 
elastic limit has been vrell passed, after 
which the test shall be discontinued. 
Compression readings shall be taken to 
0.001 in. 

Weight and Moisture Content 

35. The specimen shall be weighed 
after test, and two sections shall be cut 
near the place of failure for moisture 
determinations. One of these shall be 
used for determining the average mois- 
ture content of the specimen. The 
other, which may be termed a moisture 
distribution section, shall be used for 
determining the moisture content of 
different portions of the cross-section 
and shall be sawed into parts according 
to the pattern shown in Fig. 4. Mois- 
ture determinations in each case shall be 
made in accordance with the procedure 
specified in Sections 44 to 48. 

Compression Parallel to Grain 
Size of Specimen 

36. The major compression-parallel- 
to-grain tests shall be made on the 6 by 
6 by 24-in. specimens prepared from the 
pieces specified in Section 15 (c). The 
actual cross-section dimensions, the rate 
of growth, and the percentage of sum- 
merwood shall be determined and re- 
corded for each specimen. All defects 
shall be described. 

End Surfaces 

37. Care shall be exercised in prepar- 
ing the compression-parallel-to-grain test 

M See Fig. 4 of the Appendix for a sample compression- 
perpendicular- to-grain data sheet and Fig. 3 of the Ap- 
pendix for a sample computation data card. 


specimens to make the end surfaces 
plane, parallel, and normal to the axis of 
the specimen.^® 

Spherical Bearing 

38. (a) A spherical bearing block 
shall be used to prevent eccentricity of 
loading. The radius of the sphere shall 
be as small as practicable, in order to 
facilitate adjustment of the bearing plate 
to the specimen. The suspended type 
of spherical bearing, to be used on top 
of the specimen, is especially recom- 
mended, The size of the compression 
plate shall be slightly larger than is 
necessary to encompass the end of the 
specimen when the latter is centered on 
the head. 

(b) The adjustment of the suspended 
spherical bearing block may be accom- 
plished by keeping the compression plate 
in motion about its bearing as contact is 
made with the specimen. 

(c) In the spherical bearing block for 
use on the weighing table, adjustment 
shall be made by moving the bearing 
plate with the specimen centered 
thereon. 

Speed of Testing 

39. The load shall be applied con- 
tinuously throughout the test at a rate 
of motion of the movable head of 0.036 
db 0.009 in. per min.^^ 

Records 

40. The maximum load obtained shall 
be recorded, together with a description 
and sketch of the failure. The section 
of the specimen containing the failure 
shall be held for examination and refer- 


w A sharp fine-toothed saw of either the cross-cut or 
“novelty” cross-cut type is indispensable for obtaining 
smooth end surfaces. Power equipment with accurate 
table guides is especially recommended for this work, 
though miter-box hand sawing is permissible. Hand plan- 
ing of the ends, if carefully done, is sometimes advisable. 
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ence until analysis of the data has been 
completed. 

Position of Test Failures 

41. In order to obtain satisfactory and 
uniform results, the failures shall be 
made to develop in the body of the 
specimen. With specimens of uniform 
cross-section this may be obtained by 
having the ends properly prepared and 
dried to a slightly lower moisture con- 
tent than the body. With green ma- 
terial, it will usually suffice to close-pile 
the specimens, cover the body with a 
damp or w'et cloth, and expose the ends 
for a short time. For air-dry material 
it may sometimes be advisable, should 
the failures in test indicate that a slight 
end drying is necessary, to pile the speci- 
mens in a similar manner and place 
them in a desiccator. 

Weight and Moisture Content 

42. The specimen shall be weighed 
after test, and a moisture section shall 
be cut from the body of the piece near 
the failure. Moisture determinations 
shall be made in accordance with the 
procedure specified in Sections 44 to 48, 

Minoe Tests 
Minor Test Procedures 

43. The procedure for the conducting 
of minor tests shall conform to that 
prescribed in the Standard Methods of 
Testing Small Clear Specimens of Tim- 
ber (A.S.T.M. Designation: D 143) of 
the American Society for Testing 
Materials.^® 

Moistuee Deteeminations 
Selection of Samples 

44. The samples for moisture de- 
terminations shall be selected as herein- 
before described for each test. 


Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Cutting of “Distribution” Sample 

45. The moisture-distribution speci- 
mens shall be cut into sections according 
to Fig. 4, as specified in Sections 30 and 
35. 

Weighing of Moisture Sample 

46. Immediately upon obtaining any 
moisture sample, all loose splinters shah 
be removed and the sample weighed. 

Drying 

47. The moisture samples shall be 
open-piled in a ventilated oven and 
dried at a temperature which shall ulti- 
mately be increased to 98 d= 3 C. until 
constant weight is attained, after which 
the resulting weight shall be carefully 
determined and recorded as the oven-dry 
weight. For specimens not over 1 in. in 
length (in the direction of grain) con- 
tinuous drying for about 48 hr. under the 
conditions specified is sufficient to bring 
the specimens to constant weight. For 
drying longer specimens, considerably 
more time will be required, since the 
rate of drying from the side grain surface 
of wood is only about one-sixth that 
from the end surface. 

Moisture Content 

48. The loss in weight expressed as a 
percentage of the oven-dry weight as 
above determined shall be considered 
the moisture content of the specimen. 

Peemissible Variations 
Weights 

49. The weight of test specimens and 
of moisture samples shall be determined 
within 0.2 per cent. 

Measurements 

50. Measurements of test specimens 
shall be made to the nearest 0.01 in. 
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Testing Machine Speeds 

' SI. In no case shall the testing ma- 
chine speed used vary more than 25 per 
cent^^ from that specified for a given 
test. The load shall be applied con- 


1’ Tests by the U. S. Forest Service show that this 
speed limitation is necessary in order that the stress shall 
not vary more than 1 per cent due to variation in rate of 
fiber strain. 


tinuously at the required speed through- 
out the test. 

Calibration 

Calibration 

52. All apparatus used in obtaining 
data shall be calibrated at sufficiently 
frequent intervals to insure accuracy.’^® 

See the Standard Methods of Verification of Testing 
Machines^ (A.S.T.M. Designation E 4), which appears in 
this publication, see Contents in Numeric Sequence of 
A.S.T,M, Designations at front of book. 


(See Appendix, p. 774) 
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Fig. 2. — Sample Computation Data Card for Static Bending Test. 
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COMPRESSION AT EIGHT ANGLES TO GRAIN 
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. tG. 3.— Sample Computation Data Card for Compression-Perpendicular-to-Grain Test. 
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Fig. 4. — Sample Data Sheet for Compression-Perpendicular-to-Grain Tests. 


Standard Definitions of 

TERMS RELATING TO TIMBER' 



A.S.T.M. Designation: D 9 - 30 
Adopted, 1907; Revised, 1915, 1930. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 9; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Structural Timber. — By the term “Struc- 
tural Timber” is understood such prod- 
ucts of wood in which the strength of 
the timber is the controlling element in 
its selection and use, such as trestle tim- 
bers (stringers, caps, posts, mud sills, 
bracing, bridge ties, guard rails); car 
timbers (car framing, including upper 
framing, car sills) ; framing for buildings 
(posts, mud sills, girders, framing joists); 
ship timbers (ship timbers, ship decking) ; 
and cross arms for poles. 

Terms Relating to Wood 

Annual Ring. — In the case of wood, the 
growth layer put on in a single growth 
year. 

Heartwood. — The inner, dead portion of the 
wood in a tree. 

Note. — It is usually dark in color. In 
trees like white spruce, hemlock, white fir, 
basswood, and holly, the heartwood is not 
distinctly darker than the sapwood, and the 
two can not be readily distinguished. 

Sapwood. — The outer, live portion of the 
wood in a tree. 

Note. — ^I t is usually light in color. 


* Under the standardization procedure of the Society, 
these definitions are under the jurisdiction of the A.S.T.M . 
Committee D-7 on Timber. 


Springwood. — The softer, more porous por- 
tion of each annual ring. 

Summerwood. — The harder, less porous 
portion of each annual ring. 

Note. — In softwoods it is darker than the 
springwood, but not always so in hardwoods. 
If the annual rings are fairly uniform in 
texture, as in maple, red gum, and yellow 
poplar, no distinction can be made between 
springwood and summerwood. 

Pith. — In the case of wood, the small soft 
core occurring in the structural center. 
Sound Wood. — ^Wood free from any form 
of decay, incipient or advanced. 

Standard Defects 

Methods of measurement of size of knots or 
holes in the use-classifications of joist and plank, 
beams and stringers, and posts and timbers, are 
given in the Standard Specifications for Struc- 
tural Wood Joist and Plank, Beams and 
Stringers, and Posts and Timbers (A.S.T.M. 
Designation: D 245) of the American Society for 
Testing Materials.* 

Defect. — In the case of wood, any irregu- 
larity occurring in or on the wood that 
may lower its strength. 

Blemish. — In the case of wood, anything, 
not necessarily a defect, marring its 
appearance. 

2 Appears ia this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Bark Pocket. — Bark partially or wholly 
enclosed in wood. 

Check. — In the case of wood, a separation 
along the grain, the greater part of which 
occurs across the rings of annual growth. 

End Check. — A check occurring at an end 
of a piece. 

Heart Check. — A check starting near the 
pith and extending toward but not to 
the surface of a piece. 

Note. — Several of these occurring together 
are called a star check. 

Surface Check.’— A check occurring at the 
surface of a piece. 

Through Check. — A check extending 

through the piece from one surface to an 
opposite or to an adjoining surface. 

Collapse.— In the case of wood, a caving 
at a surface of a piece. 

Note. — It sometimes occurs in streaks, 
giving the surface a corrugated appearance 
and often is due to the flattening of the cells 
when wet wood is dried quickly. 

Honeycombing.— In the case of wood, 
checks that occur in the interior of a 
piece, often not visible at the surface. 

Note. — O n a cross-section they usually 
appear as slits or pockets the width of which 
may be very large relative to the radial length. 

Cross Break. — A separation of the wood 
cells across the grain. 

NoTE.—Such breaks may be due to internal 
strains resulting from unequal shrinkage or to 
e.xtem:al forces. 

Cross-Grained Wood. — Wood in which the 
fibers are not parallel with the axis of a 
piece. 

Curly-Grained Wood. — Wood in which the 
fibers are distorted so that they afford a 
curled appearance, as in “bird’s eye” 
wood. 

Note. — Areas showing curly grain may 
vary up to several inches in diameter. 

Diagonal-Grained Wood. — Wood in which 
the fibers are at an axigle with (that is, 
diagonal to) the axis of a piece as a result 
of sawing at an angle with the axis of 
the tree. 


Note. — I t may appear on either the radial 
or flat-grain surface. 

Dip- Grained Wood, — Wood which has sin- 
gle waves or undulations of the fibers, 
such as occur around knots and pitch 
pockets. 

Interlocked-Grained Wood. — Wood in 

which the fibers are inclined in one 
direction in a number of rings of annual 
growth, then gradually reverse and are 
inclined in an opposite direction in 
succeeding growth rings, then later again 
reverse, etc. 

Spiral-Grained Wood. — Wood in w'hich the 
fibers take a more or less winding or spiral 
course, as in a twisted tree. 

Note. — I t may be detected on. the flat 
grain surface. 

Wavy-Grained Wood. — Wood in which the 
fibers collectively take the form of waves 
or undulations. 

Note. — It may appear on either the radial 
or flat-grain surface and is indicated by the 
wavy surface of a split piece. 

Decay. — In the case of wood, destruction 
of the wood substance due to the action 
of wood-destroying fungi. 

Note. — “Dote” and “rot” are synonymous 
with “decay” and are any form of decay 
which may be evident either as a dark red 
discoloration not found in the sound wood, 
or the presence of white or red rotten spots. 

Advanced (or Typical) Decay. — In the 
case of wood, the older stage of decay 
in which the destruction is readily recog- 
nized because the wood has become 
punky, soft and spongy, stringy, ring- 
shaked, pitted, or crumbly. 

Note. — Decided discoloration or bleach- 
ing of the rotted wood is often apparent as 
for example, brown and white rots, pocket 
rots. 

Incipient Decay.— In the case of wmod, 
the early stage of decay which has not 
proceeded far enough to soften or other- 
wise perceptibly impair the hardness of 
the wood. 
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Note. — I t is usually accompanied by a 
slight discoloration or bleaching of the wood 
as instanced by the “firm red heart” in soft- 
woods and the “water-soak” stage in certain 
types of decay. 

Firm Red Heart. — A stage of incipient 
decay in wood characterized by a reddish 
color produced in the heartwood, which 
does not, however, make the wood unfit 
for the majority of yard purposes. 

Note. — I t is caused by the fungus Tranieks 
pirn and occurs chiefly in the pines. 

Water-Soak (or Stain). — A term applied 
to a generally water-soaked area in heart- 
wood, which is usually interpreted as the 
incipient stage of certain wood decays. 

Note. — I t occurs in hemlock and possibly 
in other woods. 

Knot.® — In the case of wood, that portion 
of a branch which has become incor- 
porated in the body of a tree. 

Pin Knot. — A knot not over | in. in 
diameter. 

Small Knot. — A knot over § in., but not 
over I in., in diameter. 

Medium Knot. — A knot over | in., but not 
over 1 1 in., in diameter. 

Large Knot. — A knot more than in. in 
diameter. 

Encased Knot. — A knot whose rings of 
annual growth are not intergrown and 
homogeneous with those of the surround- 
ing wood. 

Note. — T he encasement may be partial 
or complete; if intergrown partially or so 
fixed by growth or position that it will retain 
its place in the piece, it shall be considered a 
tight knot; if completely intergrown on one 
face, it is a watertight knot. 

Intergrown Knot. — A knot whose rings of 
annual growdh are completel}'^ intergroAvn 
with those of the surrounding wood. 

Loose Knot. — A knot not firmty held in 
place by growth or position. 

Tight Knot,— -A knot so fixed by growth or 


’ Information covering the interpretation of knot 
measurements is given in the appendix, see p. 781. 


position that it will firmly retain its 
place in the piece. 

Pith Knot. — A sound knot with a pith hole 
not more than \ in. in diameter in the 
center. 

Round Knot . — k knot whose sawn section 
is oval or circular. 

Spike Knot. — A knot sawn in a lengthwise 
direction. 

Decayed Knot. — A knot which due to 
advanced decay is not as hard as the 
surrounding wood. * 

Sound Knot. — A knot which is solid across 
its face and which is as hard as the sur- 
rounding wood. 

Note.— R ed or black knots may be sound. 

Pitch Pocket. — An opening betw'een the 
grain of the wood, containing more or 
less pitch. 

Note. — P itch pockets are classified as 
small, medium and large. 

Small Pitch Pocket . — k pocket not over 
i in, in width or not over 4 in. in length, 
or not over | in. in width and not over 2 
in. in length. 

Medium Pitch Pocket. — A pocket not over 
I in. in width and 4 in. in length, or not 
over i in. in width and not over 8 in. in 
length. 

Large Pitch Pocket. — A pocket over f in. 
in width and over 4 in. in length, or over 
i in. in width and over 8 in. in length. 

Pitch Streak. — A well-defined accumulation 
of pitch at one point in the piece. 

Note. — W flien not sufficient to develop a 
well-defined streak, or where the fiber be- 
tw'een grains, that is, the coarse-grained fiber, 
usually termed “springwood,” is not saturated 
with pitch, it is not considered a defect. 

Shake. — In the case of wood, a separation 
along the grain, the greater part of which 
occurs between the rings of annual 
growth. 

Through Shake. — A shake which extends 
between any two faces of a timber. 

Wane. — Bark or lack of wood from any 
cause on edges of timbers. 
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Standard Names for Structural Timbers 


Commercial Name 

Cedars: 

Alaska Cedar 
Norihern White Cedar 
Port Orford Cedar 
Southern White Cedar 
Western Red Cedar 
Cypress: 

Red Cjpress 
Yellow Cypress 
W'hite Cypress 
Douglas Fir: 

Dougfas Fir 
Red Fir 
Red Fir 
The True Firs: 

Balsam Fir 
Golden Fir 
Noble Fir 
Silver Fir 
White Fir 
Hemlocks: 

Eastern Hemlock 
West Coast Hemlock 
Larch: 

Western Larch 
Pines: 

California White Pine 
Idaho White Pine 
Northern White Pine 
Norway Pine 
Pondosa Pine 


Botanical Name 

Ghamaec)T>aris nootkatensis 
Thuja occidentalis 
Chamaecyparis lawsoniana 
Chamaec>T3aris thyoides 
Thuja plicata 

Taxodiura distichum (Coast type) 

Taxodium distichum (Inland type) 

Taxodium distichum (Inland type) 

Pseudotsuga taxifolia (Coast type) _ 
Pseudotsuga taxifolia (Intermountain type) 
Pseudotsuga taxifolia (Rocky Mountain type) 

[Abies balsamea 

[Abies fraseri (Southern balsam fir) 

Abies magnifica 
Abies nobilis 
Abies amabilis 
(Abies concolor 

[Abies grandis (lowland white fir) 

(Tsuga canadensis 

[Tsuga caroliniana (Carolina hemlock) 

Tsuga heterophylla (Western hemlock) 

Larix occidentalis 

fPinus ponderosa (Western yellow pine) 

(Pinus jeffre^ (Jeffrey pine) 

Pinus monticola 
Pinus strobus 
Pinus resinosa 

Pinus ponderosa (Western yellow pine) 


Southern Pine (Southern 
Yellow Pine) 


Sugar Pine 
Redwood: 

Redwood 

Spruces: 

Eastern Spruce 

Engelmann Spruce 

Sitka Spruce 
Tamarack: 

Tamarack 


Pinus taeda (loblolly pine) 
Pinus palustris (longleaf pine) 
Pinus serotina (pond pine) 
Pinus echinata (shortleaf pine) 
Pinus caribaea (slash pine) 
Pinus rigida (pitch pine) 

Pinus glabra (spruce pine) 
Pinus lambertiana 

Sequoia sempervirens 

[Picea mariana (black spruce) 
Picea rubra (red spruce) 

I Picea glauca (white spruce) 
(Picea engelmanni 
[Picea parryana (blue spruce) 
Picea sitchensis 

Larix laricina 
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APPENDIX* 

THE SIZE OF A KNOT 
(Supplementing Definition of a Knot) 


The A.S.T.M. standards for timber give 
very definite knot sizes that are to be per- 
mitted in any given grade and size of timber 
and a very concise and accurate definition 
of a knot. But it is not always easy to 
trace the outline of the knot on the surface 
of a timber and segregate the knot from the 
cross grain around the knot, which is a 
part of the body of the tree. 

Sometimes there is a difference in color 
between the end grain of the limb wood 
and the surrounding wood. Sometimes 
there is a marked change in color that merely 
marks the heartwood of a live knot, and 
the sapwood of the knot may have the same 
color as the surrounding wood. 

Again, we find knots in which there is 
practically no difference in color. The 
body of the tree is usually enlarged at a 
knot so that, when a knot is sawed through, 
the ring growth of the body wood looks 
very much like a part of the knot. How 
then are knot sizes to be determined? 

There are two ways of determining the 
limits of a live knot when color or general 
appearance does not clearly demonstrate 
the boundary of the knot: 

-The rings on the top of a limb 
are usually narrower than those on the 
bottom; and on a tangentially cut' surface 
these rings at the top are narrower than 
those showing immediately above the knot 
in the body of the tree; also the rings in 
the body of the tree get wider as you mea- 
sure away from the knot. The growth 
ring at the top of the knot can be traced 
around the knot to outline the size of the 


< Prepared by John A. Newlin, Specialist in the Me- 
chanics of Wood, Forest Products Laboratory, Forest 
Service, U. S. Department of Agriculture, maintained 
at Madison, Wis., in cooperation with the University of 
Wtsconsin. 


knot. When the knot is cut at an angle 
there will, as a rule, still be a place to one 
side of the top where the relatively narrow 
nog growth of the knot is suddenly changed 



Fig. 1. 


to the wider growth rings of the tree trunk 
(see A, Fig. 1). On the side of the knot 
opposite these narrow growth rings, the 
growth rings will usually be found to get 
wider all the way from the pith center out 
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and it is often very difficult to establish 
the limit of the knots on that side except 
by tracing the growth rings from the other 
side of the knot. 

Second . — Checks on the face of a knot 
run radially from the pith center and those 
running to the sides never run beyond the 
knot without an abrupt change in direction. 

To one trying to determine the size of a 


irregular grain (see A, Fig. 2), often with 
bark pockets (see A, Fig. 3). This is the 
body wood above the knot. The radial 
checking in the oak knot is often very 
prominent and can be used to determine 
the limits of the knot. The checks follow 
the rays and run approximately radially 
from the pith center of the knots. The 
checks running to the bottom of the knot 


Fig. 2. 

knot, the oaks give a great deal of trouble 
due to two principal causes: First, color 
cannot be depended upon to outline the 
knot, and second, the body of the oak tree 
is usually greatly enlarged at a limb and a 
large amount of irregular or burly growth 
is introduced by a cut through the knot. 

On the top of the oak knot it will usually 
be found that the very definite growth rings 
of the knot change very abruptly to burly 


Fig. 3. 

may run approximately straight far beyond 
the limit of the knot and occasionally 
those running to the top may run through 
the burly wood above the knot in more or 
less of a straight line, but the checks running 
to the sides of the knot, while they may 
stop short of the limit of the knot, never 
run without an abrupt change of direction 
beyond the limit of the knot (see B, Figs, 
land 2). 
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Standard Specifications fior 
CREOSOTE^ 



A.S.T.M. Designation: D 390 - 36 

Adopted, 1935; Revised, 1936.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 390; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover creosote 
for use in preservative treatment of 
timber, as defined in the Standard 
Definitions of Terms Relating to Timber 
Preservatives (A.S.T.M. Designation: 
D 324) of the American Society for 
Testing Materials.® The creosote shall 
be a distillate of coal-gas or coke-oven 
tar. 

Properties 

2. Creosote shall conform to the 
following requirements: 

Water, max., per cent 3 

Matter insoluble in benzol", max., per 

cent. 0.5 

Specific gravity, 38 C./15.5 C., min 1.03 

Distillation, based on water-free oil, 
max., per cent: 

Up to 210 C 5 

Up to 235 C 25 

Coke residue, max., per cent 2 

“ Samples of creosote taken from working tanks may 
show an increase in matter insoluble in benzol due to 
treating operations. Such increases, provided they do 
not exceed by 1 per cent the specification limits, should 
not serve to cause rejection of the creosote for noncon- 
formity with the specifications, if it can be shown that the 
original fresh oil was of specified quality. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M . Committee D-7 on Timber. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1934- to 19.35. 

3 Appears in tin's publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 


Note. — Owing to the complexity of the 
chemical composition and physical properties of 
coal tar creosote, and to the fact that some of 
the same compounds and properties which 
characterize coal tar creosote are found in 
certain petroleum derivatives, determination of 
the purity of creosote is difficult. When there 
is not certain assurance that the oil is a pure 
product, the following tests will aid in arriving 
at an opinion as to its coal tar origin: 

(1) The fraction distilling between 210 and 
235 C. is usually solid or contains some solids 
when cooled to 25 C. 

(2) All of the fractions up to 315 C. contain 
tar acids in varying amounts, usually at least 1 
per cent, calculated on the amount of the frac- 
tion tested. 

( 3 ) The specific gravity of the fraction be- 
tween 235 and 315 C. is usually not lower than 
1.025 and the specific gravity of the fraction 
between 315 and 355 C. is usually not lower 
than 1.085 at 38 C. compared with water at 
15.5 C. However, some pure coal tar distillates 
fall slightly below these limits. 

If the oil does not comply with at least one 
of the foregoing tests, it is undoubtedly not a 
pure coal tar creosote. 

Sampling and Methods of Testing 

3. The sampling and properties enu- 
merated in these specifications shall be 
determined in accordance with the 
following methods of test of the Ameri- 
can Society for Testing Materials: 

(a) Sampling . — Standard Methods of 
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Sampling and Testing Creosote (A.S. 
T.M. Designation: D 38).^ 

(b) If Standard Method of Test 
for Water in Creosote (A.S.T.M. Desig- 
nation: D 370)^ or, as an alternate 
method, the Standard Method of Test 
for Water in Petroleum Products and 
Other Bituminous Materials (A.S.T.M- 
Designation: D 95).® 

(c) Matter Insoluble in Benzol . — 
Standard Methods of Test for Insoluble 
Matter in Creosote (A.S.T.M. Designa- 
tion; D 367).® 

{d) Specific Gravity. — Standard Meth- 
od of Test for Specific Gravity 
of Creosote (A.S.T.M. Designation: 
D 368).® 

(e) DisiUlatian. — Standard Method of 


Test for Distillation of Creosote 
(A.S.T.M. Designation: D 246).® 

(/) Specific Gravity of Fractions . — 
Standard Method of Test for Specific 
Gravity, 38/15.5 C., of Creosote Frac- 
tions (A.S.T.M. Designation: D 369).® 
(g) Coke Residue. — Standard Method 
of Test for Coke Residue of Creosote 
(A.S.T.M. Designation: D 168).® 

Qi) Tar Acids. — Standard Method 
of Test for Tar Acids in Creosote 
and Creosote - Coal Tar Solutions 
(A.S.T.M. Designation: D 453).® 

(f) Volume and Specific Gravity Cor- 
rection. — Standard Volume and Specific 
Gravity Correction Tables for Creosote 
and Coal Tar (A.S.T.M. Designation: 
D 347).® 


A,R.E,A. SPECIFICATIONS FOR 
CREOSOTE- COAL TAR SOLUTION 


Standard Specifications for 
CREOSOTE -COAL TAR SOLUTION' 



A.S.T,M. Designation: D 391 -36 

Adopted, 1935; Revised, 1936 A 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 391; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover creosote - 
coal tar solution for use in preservative 
treatment of timber. The creosote - coal 
tar solution shall be a product of which 
at least 80 per cent shall be a distillate 
of coal-gas or coke-oven tar. 

Properties 

2. Creosote - coal tar solution shall 
conform to the following requirements: 


Water, max., per cent 3 

Matter insoluble in benzol,® 

max., per cent. 2 

Specific gravity, 38/15.5 C 1.05 to 1.12 

Distillation, based on -water-free 
oil, max., per cent: 

Up to 210 C 5 

Up to 235 C 25 

Coke residue, max., per cent. .. . 6 


® Samples of solution taken from working tanks may 
show an increase in matter insoluble in benzol due to 
treating operations. Such increases, provided they do 
not exceed by 1 per cent the specification limits, should 
not serve to cause rejection of the solution for noncon- 
formity with the specifications, if it can be shown that the 
original fresh oil was of specified quality. 

Note. — Owing to the complexity of the 
chemical composition and physical properties of 
coal tar creosote, and to the fact that some of 
the same compounds and properties which 


t Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-7 on Timber. 

J Prior to adoption as standard, these specifications 
were published as tentative from 1934 to 1935. 


characterize coal tar creosote are found in 
certain petroleum derivatives, determination of 
the purity of creosote is difficult. When there 
is not certain assurance that the oil is a pure 
product, the following tests will aid in arriving 
at an opinion as to its coal tar origin : 

(1) The fraction distilling between 210 and 
235 C. is usually solid or contains some solids 
when cooled to 25 C. 

(2) All of the fractions up to 315 C. contain 
tar acids in varying amounts, usually at least 
1 per cent, calculated on the amount of the 
fraction tested. 

(J) The specific gravity of the fraction be- 
t-fl'cen 235 and 315 C. is usually not lower than 
1.025 and the specific gravity of the fraction be- 
tween 315 and 355 C. is usually not lower than 
1.085 at 38 C. compared with water at 15.5 C. 
However, some pure coal tar distillates fall 
slightly below these limits. 

If the oil does not comply with at least one 
of the foregoing tests, it is undoubtedly not a 
pure coal tar creosote. 

Sampling and Methods of Testing 

3. The sampling and properties enu- 
merated in these specifications shall be 
determined in accordance with the 
foUowmg methods of test of the Ameri- 
can Society for Testing Materials: 

(o) Sampling . — Standard Methods of 
Sampling and Testing Creosote 
(A.S.T.M. Designation: D 38) 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(&) Water. — Standard Method of Test 
for Water in Creosote (A.S.T.M. Desig- 
nation: D 370)^ or, as an alternate 
method, the Standard Method of Test 
for Water in Petroleum Products and 
Other Bituminous Materials (A.S.T.M. 
Designation: D 95). 

(c) Matter InsoluUe in Benzol . — ■ 
Standard Methods of Test for Insoluble 
Matter in Creosote (A.S.T.M. Desig- 
nation: D 367).'* 

(d) Specific Gramiy. — Standard Meth- 
od of Test for Specific Gravity of 
Creosote (A.S.T.M. Designation: D 
368) .3 

(e) Distillation. — Standard Method of 
Test for Distillation of Creosote 
(A.S.T.M. Designation: D 246).® 


(/) Specific Gramty of Fractions . — 
Standard Method of Test for Specific 
Gravity, 38/15.5 C., of Creosote Frac- 
tions (A.S.T.M. Designation: D 369).® 
(g) Coke Residue. — Standard Method 
of Test for Coke Residue of Creosote 
(A.S.T.M. Designation: D 168).® 

{h) Tar Acids. — Standard Method of 
Test for Tar Acids in Creosote and 
Creosote - Coal Tar Solutions (A.S.T.M. 
Designation: D 453).® 

(i) Volume and Specific Gravity Cor- 
rection. — Standard Volume and Specific 
Gravity Correction Tables for Creosote 
and Coal Tar (A.S.T.M. Designation: 
D 347).3 



Standard Specifications for 


ZINC CHLORIDE! 



A.S.T.M. Designation: D 432 - 39 

Adopted, 1939.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 432; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover zinc 
chloride, either from commercial con- 
centrated solutions of zinc chloride, or 
fused or granulated zinc chloride for 
use in the preservative treatment of 
timber. 

Properties 

2. (a) Iron Content . — The zinc chlo- 
ride shall be acid-free and shall not 
contain more than 0.1 per cent of iron. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-7 on Timber. 

These specifications are identical in substance with the 
American Wood-Preservers’ -Association Standard Specifi- 
cation for Zinc Chloride (No. 17a). 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1936 to 1939. 


{b) Chloride of Zinc Content . — The 
material shall conform to the following 
minimum requirements as to percentage 
content of chloride of zinc: 

Chloride of Zinc, 
min., per cent 

Concentrated zinc chloride solution ... SO 
Fused or solid zinc chloride, 94 

Chemical Analysis 

3. The material shall be analyzed in 
accordance with the Standard Methods 
of Chemical Analysis of Zinc Chloride 
(A.S.T.M. Designation: D 199) of the 
American Society for Testing Materials.^ 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S,H.O. NO.: T 60-42 


Standard Methods of 

SAMPLING AND TESTING CREOSOTE- 



A.S.T.M. Designation: D 38 - 33 
Adopted, 1917; Revised, 1918, 1924, 1927, 1930, 1933.^ 

This Standard of the American Society for Testing Materials is issued under 
tlie fixed designation D 38; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) Creosote and creosote - coal tar 
solutions are homogeneous liquids, ex- 
cept for their moisture content. At 
atmospheric temperatures, however, part 
of the creosote is usually in crystalline 
form, and it is accordingly necessary 
before sampling that the creosote shall 
be heated to a temperature at which it 
is entirely, liquid. 

(6) When sampling creosote, the ob- 
ject is to obtain a sample that will be 
representative of the w'ater content and 
the methods of sampling described or 
referred to in Sections, 2 to 7 are in- 
tended to accomplish that purpose. 

Methods of Sampling 

Continuous Drip Sampling Method 
Application 

2. The continuous drip method of 
sampling is applicable wherever the creo- 
sote is being loaded or discharged from 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.TJSl. 
Committee D-7 on Timber. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1915 to 1917, being revised in 
1916 and 1917. 


tank ships or barges by means of pump- 
ing. 

Procedure 

3. A |-in. sampling pipe shall be in- 
serted in the line through which the oil 
is being pumped, on the discharge side 
of the pump and preferably in a rising 
section of the pipe line. This sampling 
pipe shall extend one-half way to the 
center of the main pipe and with the 
inner open end of the sampling pipe 
turned at an angle of 90 deg. and facing 
the flow of the liquid. The sampling 
pipe shall be provided with a plug cock 
and shall discharge into a receiver of 
50 to 100-gal. capacity. The plug cock 
shall be so adjusted that with a steady 
continuous flow of the oil the receiver 
shall be filled in the time required to 
pump the entire shipment. The re- 
ceiver shall be provided with a steam coil 
sufficient to keep the contents at a tem- 
perature not exceeding 120 F. Imme- 
diately upon completion of the pumping, 
the contents of the receiver shall be very 
thoroughly mixed by agitation, rolling, 
or shaking, and duplicate 1-qt. samples 
taken immediately by means of a thief 
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for purpose of tests. The amount of 
the drip sample collected shall be not 
less than 1 gal. for each 1000 gal. of 
oil, except in the case of large boat ship- 
ments, where a maximum of 100 gal, is 
sufficient. 


posite sample while the oil is thoroughly 
liquid. No sample shall be taken for 
analysis from oil which contains crystals. 

Referee Method of Sampling Tank Cars 

Procedure 


Routine Zone Method of Sampling 
Tank Cars 

Application 

4. The zone sampling method is 
applicable to the routine sampling of 
creosote in tank cars. With suitable 
modification of the apparatus, this 
alternative or simplified method may 
also be applied to the sampling of creo- 
sote in storage tanks. 

Apparatus 

5. The sampling apparatus shall be a 
wide-mouthed vessel, attached to a 
wooden rod and fitted with a lid that can 
be withdrawn by means of a cord. The 
apparatus and markings on the rod shall 
be made substantially in accordance 
with the form and dimensions shown in 
Fig. 1. 

Procedure 

6. (a) The sampling apparatus shall 
first be lowered until the point marked 
“Zone No. F’ on the rod is level with 
the top of the dome of the tank car. 
The cover of the sampling can shall 
then be removed, the vessel allowed to 
fill at that point, and then slowly with- 
drawn. Extreme care shall be exercised 
in lifting the rod so as not to disturb the 
contents of the sampling vessel. 

(b) Two samples shall be taken in a 
similar manner with the sampling ap- 
paratus lowered to the point marked 
“Zone No. 2,” and one sample shall be 
likewise taken with the sampling appa- 
ratus lowered to the point marked “Zone 
No.. 3.” 

(c) The four samples shall then be 
combined and mixed at once into a com- 


7. In the case of dispute with refer- 
ence to the water content of the ship- 
ment of creosote oil, sampling shall be 



carried out in accordance with the 
Standard Method of Sampling Creosote 
in Tank Cars of the American Wood 
Preservers’ Association (Method No. 
256)® or of the American Railway En- 
gineering Association.^ 


* Manual of Recommended Practice, Am. Wood-Pre- 
servers’ Assn, 

* Manual, Am. Railway Engineering Assn., Chapter 
17, p. 17 (1942). 
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Methods of Testing 
Methods of Testing 

8. Creosote shall be analyzed and 
tested in accordance with the following 
methods of test of the American Society 
for Testing Materials: 

(а) Water. — Standard Method of Test 
for Water in Creosote (A.S.T.M. Desig- 
nation: D 370).® 

(б) Matter Insohible in Benzol . — 
Standard Methods of Test for Insoluble 
Matter in Creosote (A.S.T.M. Desig- 
nation: D 367).® 

(c) Specific Gravity. — Standard 
Method of Test for Specific Gravity of 
Creosote (A.S.T.M. Designation: 
D 368).® 

(d) Distillation. — Standard Method of 
Test for Distillation of Creosote 
(A.S.T.M. Designation: D 246).® 

® Appears in this publication, see Contents in Numeric 
Seqxience of A.S.T.M. Designations at front of book. 


{e) specific Gravity of Fractions.— 
Standard Method of Test for Specific 
Gravity, 38/15.5 C., of Creosote Frac- 
tions (A.S.T.M. Designation: D 369).-'' 
(/) Float Test of Residue. — The resi- 
due remaining in the retort after the 
distillation test shall be preserved until 
it reaches a temperature between 100 
and 125 C. The consistency of the 
residue shall then be determined in ac- 
cordance with the Standard Method of 
Float Test for Bituminous Materials 
(A.S.T.M. Designation: D 139).® 

Note. — Care must be taken at the end of the 
distillation test to see that the vapor tempera- 
ture as indicated on the thermometer does not 
rise above 355 C.; an excess temperature of 
only 1 or 2 C. at this point makes the float test 
invalid. 

(g) Coke Standard Method 

of Test for Coke Residue of Creosote 
(A.S.T.M. Designation: D 168).® 



A.R.E.A. METHOD FOR COEIE RESIDUE 
OF CREOSOTE 

AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: T 61-42 


Standa7‘'d Method of Test for 
COKE RESIDUE OF CREOSOTE^ 



A.S.T.M. Designation: D 168 - 30 
Adopted, 1927; Revised, 1930.* 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 168; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
procedure for determining the coke 
residue (fixed carbon) in creosote or 
creosote - coal tar solution by coking the 
residue resulting from the distillation 
test and calculating the result based on 
the original oil. 

Apparatus 

2. (a) Crucible . — A platinum crucible 
shall be used, with tightly fitting cover 
of the inverted or capsule type having a 
depth of about 1 cm., provided with a 
hole 2 mm, in diameter at its center. 
The crucible shall have a capacity of 25 
to 30 ml. and with cover shall weigh 25 
to 30 g. 

{b) Furnace . — A vertical electric tube 
furnace of the form shown in Fig. 1 or a 
Bunsen or Meker burner may be used. 

Procedure 

3. (a) The residue resulting from the 
distillation test, carried out in accord- 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.TM. 
Committee D-7 on Timber. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1923 to 1927. 


ance with the Standard Method of Test 
for Distillation of Creosote (A.S.T.M. 
Designation: D 246) of the American 
Society for Testing Materials,® shall be 
poured directly into the tared crucible 
or into a tin box wherein it may be 
heated on a water or steam bath, but 
not over a flame. A 1 db 0.1 g. portion 
of the residue shall be weighed into the 
the covered crucible. 

Q}) If the vertical electric tube furnace 
is used, the temperature of the furnace 
shall be controlled by a thermocouple 
at 950 ± 20 C. The crucible shall be 
suspended in the electric furnace for 
exactly 7 min., after which it shall be 
removed, cooled, and weighed. 

(c) If a Bunsen or Meker burner is 
used, it shall have a free flame 20 cm. 
in height. The crucible shall set in a 
nichrome triangle with approximately 
two-thirds of its height below the tri- 
angle and with the bottom of the crucible 
6 to 8 cm. above the top of the burner. 
Assurance of the desired temperature of 
950 ± 20 C. may be indicated by the 

s Appears in this publication, sec Contents in Numeric 
Sequence of A,S.T.M. Designations at front of book. 
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ing Coke Residue. 


For 110-volt alternating current. 60 ft. of Nichrome 
Wire, No. 17 B. & S. gage will give the required tempera- 
ture. The temperature must be controlled by an external 
resistance. (U. S, Bureau of Mines Technical Paper No. 
8, p. 12 {1929)). 


fusion of crystals of potassium chromate 
in the crucible when exposed in the speci- 
fied position for the test. The crucible 
and contents shall be exposed to the full 
flame of the burner for exactly 7 min. 

Precautions 

4, The test shall be conducted in 
a part of the laboratory free from 
draughts. 

Calculations 

5. The percentage of coke obtained 
from the residue in accordance with 
Section 3 shall be calculated to percent- 
age of total oil as follows: 

Coke m oil = ■' 

100 

where: 

A - percentage residue from oil dis- 
tilled to 355 C., and 
B - percentage of coke in the residue. 

Note: Example.— With a retort distillation 
of 29 per cent of residue at 355 C., the residue 
containing 28 per cent of fixed carbon: 

29 X 28 

Coke in oil == — 7 — r — = 8.1 per cent 



Standara Method of Test for 
DISTILLATION OF CREOSOTE^ 



A.S.T.M. Designation; D 246-42 

Adopted, 1928; Revised, 1930, 1933, 1939, 1942.“ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 246; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

L This method covers a distillation 
test suitable for all types and grades of 
creosote, tar, and mixtures of creosote 
with tars used for timber preservation. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(а) Vlask . — A side-neck distillation 
flask as shown in Fig. 1, having the 
following dimensions: 

Diameter of bulb, outside 86 ± 1.5 mm. 

Diameter of neck, inside 22 ± 1.0 mm. 

Diameter of tubulature, inside 10 ± O.S mm. 

Height of flask, outside 131 rfc 1.5 mm. 

Vertical distance bottom of bulb, outside, 
to horizontal tangent at tubulature in- 
side 93 ±1.5 mm. 

Length of tubulature 220 ± S.O mm. 

Angle of tubulature. 73 ± 2 deg. 

Thickness of tubulature wall l.Oto 1.5 

(б) Condenser Tube . — A suitable form 
of tapered glass condenser tube, having 
the following dimensions: 

Diameter of small end 12 .5 ± 1.5 mm. 

Diameter of large end 28.5 ± 3.0 mm. 

Length 360.0 ± 4.0 mm. 

Length of tapered part 100.0 ± 5.0 mm. 


_ 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-7 on Timber. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1926 to 1928, being revised in 
1927 and 1928. 


(c) Source of Heat . — A source of heat 
consisting of a bunsen or equivalent 
burner or an electric heater. The elec- 
tric heater,^ of the form and dimensions 
shown in Fig. 2, shall be made of asbestos 
cement and shall consist of a base plate 
and cover interlocked to prevent side 
slipping, yet easily taken apart. The 
heating unit shall consist of an acid- and 
heat-resisting porcelain plate with coils 
of resistance wire of nickel-chromium 
alloy. It shall be a separate unit and 
readily renewable. The capacity of the 
heating unit shall be 600 watts and at 
full heat shall give a temperature of 
approximately 800 C. at the coils. 
Temperature of the heater shall be 
controlled by a sliding-contact tube 
rheostat of the tube rheostat laboratory 
type, which shall be approximately 41 
mm. in diameter by 406 mm. in length. 
The resistance and continuous-ampere 
capacity of the rheostat shall be suitable 
for the voltage used. 


* The Gilmer electric heater controlled by the sliding- 
contact lube rheostat has been found entirely satisfactory 
For use with IJO-v. heaters, a U-ohm, 6.5-amp. rheostat 
should be used, and with 220-v. heaters, a 25-ohm. S-amp. 
rheostat should be used. 
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((/) Shield for Flame Distillation. — A 
galvanized iron shield, lined with 
asbestos, of the form and dimensions 
showm in Fig. 3, used to protect the 
flask from air currents and to prevent 
radiation. If desired, the shield may be 
provided with a mica window to permit 


(g) Balance. — A balance accurate to 
at least 0.05 g. for weighing the receivers 
and fractions. 

(h) Thermometer. — ^An A.S.T.M. High 
Distillation Thermometer, total im- 
mersion, graduated in Centigrade de- 
grees, having a range of 0 to 400 C,, 



observation of the progress of distilla- 
tion. The cover shall be made of 
transite board and shall be in two parts 
conforming to the dimensions shown in 
Fig. 3. 

{e) Shield for Electric-Heater Distilla- 
tion.-— k galvanized-iron double-wall 
shield of the form and dimensions 
shown in Fig. 4, used to protect the flask 
from air currents and to prevent radia- 
tion. The space between the walls 
shall be filled with 85 per cent magnesia 
or powdered asbestos. If desired, the 
shield may be provided with a mica 
window to permit observation of the 
progress of distillation. The cover shall 
be made of transite board and shall be in 
two parts conforming to the dimensions 
shown in Fig. 4. 

(/) Receivers. — Tared Erlenmeyer 
flasks having a capacity of 50 or 125 ml. 
for collecting the distillate. 


Diameters 



- 

■H 99i2 mm. k 


i 
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Fig. 2. — ^Electric Heater. 


and conforming to the requirements for 
this thermometer as prescribed in the 
Standard Specifications for A.S.T.M. 
Thermometers (A.S.T.M. Designation: 
E 1) of the American Society for Test- 
ing Materials.^ 

< Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Supporf 
(S/lps in Shie/d) 


Fig. 4. — Shield, Cover, and Support for Electric-Heater Distillation. 


Preparation of Sample 

3. The sample as received should be 
thoroughly stirred and agitated, warm- 
ing if necessary to insure a complete 
mixture free from crystallized solids, 


before the portion for analysis is re- 
moved. 

Dehydration of Sample 
4. If the presence of 3 per cent o: 
water is suspected or known, the oi 
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shall be dehydrated before distillation 
in accordance with the Standard Method 
of Test for Water in Creosote (A.S.T.M. 
Designation: B 370) of the American 
Society for Testing Materials.^ 


Apparatus Assembly 

5. (a) The flask shall be supported on 
a tripod or rings over two sheets of 20> 
mesh wire gauze, 150 mm. square, as 
shown in Fig. 5, or mounted on the 
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electric heater as shown in Fig. 6. The 
flask shall be connected to the condenser 
tube by a tight cork joint. The ther- 
mometer shall be inserted through a 
cork in the neck with the bottom of the 
bulb 12 to 13 mm, from the surface of 
the oil in the flask. The exact location 
of the thermometer bulb may be deter- 
mined by calculating the number of 
divisions on the thermometer which 
are equal to 12 to 13 mm., lowering the 
tip of the bulb of the thermometer to the 
surface of the liquid and then raising 
the thermometer the calculated number 
of degrees to give the correct distance 
from the surface of the liquid. 

{b) The axis of the bulb of the flask 
through the center of the neck shall be 
vertical and the thermometer shall be 
aligned on this axis. 

(c) The distance from the neck of the 
flask to the outlet end of the condenser 
tube shall be not more than 600 nor 
less than 500 mm. The burner shall 
be protected from drafts by a suitable 
shield or chimney, see Fig. 5. 

Procedure 

6. (o) One hundred grams plus or 
minus 0.1 g. of the sample shall be 
weighed into the flask, the apparatus 
assembled, and heat applied so that the 
first drop of the distillate falls from the 
end of the condenser in 10 min. ± 100 
sec.® The rate at the end of the con- 
denser shall be adjusted to 90 to 100 
drops per min. within 2 min. after the 
first drop and shall be maintained at 
80 to 100 drops per min. throughout the 
distillation. The distillate shall be col- 


s In cases of routine or plant control analyses where 
the presence of water is known or suspected, the sample 
shall be heated slowly until a temperature of ISO C. is 
reached. The heat shall then be increased and so regu- 
lated that the specified distillation rate will be reached in 
5 min. From, this point the method as specified shall be 
followed. 


lected in weighed receivers. The con- 
denser tube shall be warmed whenever 
necessary to prevent accumulation of solid 
distillates. Fractions shall be collected 
at the temperatures designated by the 
specifications. The receivers shall be 
changed as the mercury passes the 
dividing temperature for each fraction. 
When the maximum specified tempera- 
ture of the test is indicated by the 
thermometer, heating shall be discon- 
tinued, the shield cover shall be removed 
immediately, and any distillate which 
has condensed in the condenser tube 
shall be drained into the last fraction. 
When the electric heater is used as a 
source of heat, the flask shall be removed 
from the assembly when the maximum 
specified temperature is indicated. 

(b) The residue shall be retained in 
the flask with the cork and the thermom- 
eter in position until no vapors are 
visible; it shall then be weighed. The 
flask shall then be tipped around so that 
the residue will flow around the sides, 
thus collecting any condensed vapors 
that have collected on the sides of the 
flask, after which the portion for the 
coke residue determination may be 
withdrawn or the residue shall be 
poured into a suitable receptacle, and 
covered. If the residue becomes so 
cool that it cannot be poured readily 
from the flask, it shall be reheated to a 
temperature not exceeding 125 C. by 
holding the bulb of the flask in a suitable 
bath and not by the direct application 
of flame or heat. 

(c) During the progress of the distilla- 
tion the thermometer shall remain in 
its original position. No correction 
shall be made for the emergent stem of 
the thermometer. 

Report 

7. {a) The fractions obtained at the 
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following temperatures shall be re- 
ported: 

0 to 210 C. 

210 to 235 C. 

235 to 270 C.« 

270 to 315 C. 

315 to 355 C. 

Residue. 


“ The fraction 235 to 270 C. is not usually required in 
specifications for creosote, but it is_ recommended that 
this cut be made, since it gives useful information. 

(6) If the fraction obtained at 0 to 
210 C. contains water, the amount of 
water shall be determined (Note). This 
amount shall then be deducted from the 
weight of oil taken and all of the frac- 
tions shall be corrected to a percentage 
based on the weight of the water-free 
sample. 

Note, — convenient method for deter- 
mining the amount of water is to transfer 
this fraction, after weighing, to a tube or 
cylinder graduated in 0.1 ml. and add about 
IS to 20 ml. of benzol. This almost always 
causes a clear separation between the oil and 
water. 


Distillation Temperatures at Various 
Altitudes 

8. If the elevation at which the dis- 
tillation is to be made exceeds 1000 ft., 
the temperatures at which the fractions 
are taken shall be corrected in accord- 
ance with Table I. 


T.\BLE I.-TEMPERATURES AT WH ! CH CREOSOTE 
FRACTIONS SHALL BE CUT TO CORRECT 
DISTILLATION TEMPERATURES FOR DIFFER- 
ENT AI.T1TUDES. 


(Corrections made to the nearest degree 
Centigrade) 


Elevation Above 
Sea Level, ft. 

Fractionation Temperatures for 
Various Altitudes, deg. Cent. 

0 

200 

210 

23S 

270 

315 

355 

1000 

198 

208 

233 

268 

313 

3.53 

1500 

197 

207 

232 

267 

312 

352 

2000 

196 

206 

231 

266 

311 

351 

2500 

196 

206 

230 

265 

310 

350 

3000 

195 

205 

230 

264 

309 

349 

3.S00 

194 

204 

229 

263 

308 

348 

4000 

193 

205 

228 

263 

307 

347 

4500 

193 

202 

227 

262 

306 

346 

5000 

192 

202 

226 

261 

305 

344 

.5500 

191 

201 

225 

260 

304 

343 

6000 

190 

200 

225 

260 

303 

343 



A.R.E.A. METHODS FOR 
INSOLUBLE MATTER IN CREOSOTE 
AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A,S.H.O. NO.: T 81-42 


Standard M et hods of Test for 
INSOLUBLE MATTER IN CREOSOTE^ 



A.S.T.M. Designation : D 367 - 33 
Adopted, 1933. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 367; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, These methods are intended for the 
determination of insoluble matter (free 
carbon) in creosote and creosote - coal 
tar solutions by extraction with hot 
benzol. The porous thimble method is 
the preferred procedure and must be 
used in any case of dispute. The as- 
bestos mat method is a routine procedure 
which gives equally accurate results and 
requires 3 or 4 hr. less time than the 
porous thimble extraction. 

Porous Thimble Method 
Apparatus 

2. {a) Extractor . — The extractor shall 
be of the form shown in Fig. 1 or of any 
similar form in which the oil is sub- 
jected to direct washing by the vapors of 
the boiling solvent. 

(&) Filter . — The filtering medium 
shall be a flat bottom, 30 by 80 mm. RA 
98 alundum thimble. The thimble shall 
either be suspended in the extraction 
flask by a wire basket hung from two 
small hooks on the under surface of the 


* Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.TJU. 
Committee D-7 on Timber. 


metal cover of the flask or it shall be 
supported by making perforations near 
the upper edge of the thimble and sus- 
pending from the cover by German silver 
or platinum wire. 

(c) Balance . — The analytical balance 
shall be accurate to 0.5 mg. 

Procedure 

3. An amount of material which shall 
contain 10.0 ± 0.1 g. of dry oil shall be 
weighed into a lOO-ml beaker; 50 ml. 
of pure benzol shall be added and the 
solution stirred thoroughly. The solu- 
tion shall be transferred at once to the 
weighed alundum thimble. The beaker 
shall be rinsed clean with pure benzol 
and the washings added to the thimble. 
The thimble shall then be covered with 
a lid of alundum ware and placed im- 
mediately in the extraction apparatus. 
The extractor shall contain a suitable 
quantity of pure benzol and shall be 
heated sufl&ciently to boil the solvent. 
The extraction shall be continued until 
the solvent descending from the thimble 
is colorless. The thimble shall then be 
dried at 105 d= 5 C., cooled in a desic- 
cator, and weighed. 
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Apparatus 

4. (a) FiUer —The filtering medium 
shall consist of a No. 3 Gooch, Coors 
porcelain, or equivalent crucible ap- 
proximately 3.5 cm. in diameter at the 
top, tapering to 2.2 cm. at the bottom 



Fig. 1. —Extraction Flask. ' 

with a depth of 4.0 cm., containing a 
mat of acid-washed medium fiber as- 
bestos approximately 2 mm. in thick- 
ness. 

(b) Balance . — The analytical balance 
shall be accurate to 0.5 mg. 


5. The Gooch crucible shall be placed 
in the suction apparatus and filled with 
acid-washed medium fiber asbestos sus- 
pended in water. Gentle suction shall 
be applied and more of the suspension, 
if necessary, shall be added to make a 
mat approximately 2 mm. in thickness. 
With the suction still on, the pad shall 
be rvashed with water until all small 
particles of asbestos are removed. The 
crucible shall be dried at 105 d= 5 C., 
placed in a desiccator, and weighed. 

Procedure 

6. An amount of material which shall 
contain 10.0 db 0.1 g. of dry oil shall 
be weighed into a 125-ml. Erlenmeyer 
flask; SO ml. of pure benzol shall be 
added and the solution stirred thor- 
oughly and brought to a boil. The hot 
solution shall be carefully poured into 
the weighed prepared Gooch crucible 
without suction until the mat is covered. 
Then gentle suction shall be applied to 
the crucible and the remaining solution 
added, taking care that the mat is cov- 
ered with solution at all times. The 
Erlenmeyer flask shall be rinsed clean 
with pure benzol and the washings added 
to the crucible. Benzol shall be added 
to the crucible until the descending sol- 
vent is colorless. The crucible shall 
then be dried at 105 =h 5 C., cooled in a 
desiccator, and weighed. 



A.R,E.A. METHOD OF TEST FOR 
SPECIFIC GRAVITY OF CREOSOTE 
AMERIC/ K association STATE 
HIGHW Y OEFICIALS STANDARD 
A.A.S.H.O. NO.; T8Z-42 


Standard Method of Test for 
SPECIFIC GRAVITY OF CREOSOTE' 



A.S.T.M, Designation: D 368 - 33 
Adopted, 1933. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 368; the final number indicates the year of original 
adoption as standard or, in the case of revision, tlie year of last revision. 


Scope 

1. This method of test covers the 
procedure for determining the specific 
gravity of creosote by means of the hy- 
drometer. 

Apparatus 

2. (a) Hydrometer . — The hydrometer 
shall be of glass of the conventional 
constant mass and variable displacement 
type as shown in Fig. 1. A set of two 
hydrometers with ranges in specific 
gravity of from 1.000 to 1.080 and from 
1.070 to 1.150 will suffice. The scale 
shall be divided into 0.001 of a unit of 
specific gravity. The hydrometer shall 
be standardized at 15.5/15,5 C. and shall 
conform to the following requirements 
as to dimensions: 

rermissjblc 



Dimension 

,, Variation, 

Length of stem 

.... 125 

±6 

Length of bulb 

.... 105 

±5 

Length of scale 

.... 80 

±4 

Diameter of stem 

.... 6 

±0.5 

Diameter of bulb . . . . 

.... 22 

±1 


{h) Hydrometer Cylinder . — The h}'’- 
dromcter cylinder shall be of the form 



Fig. 1.— Hydrometer. Fig. 2.— Hydrom- 

eter Cylinder. 


shown in Fig. 2 and shall conform to the 
following requirements as to dimensions: 

.approximately 300 mm_ 
. not less than 32 mm. 


I Under the standardization procedure of the Society, t 
ti ia rEethod is under the jurisdiction of the A.S.T.M. ’ ’ ' : ' 

CcEx. ittee D-7 on Timber. Diameter, inside . . 
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Procedure 

3. The sample of oil shall be brought 
to a temperature of 38 C. and the spe- 
cific gravity shall be determined at that 
temperature unless the oil is not entirely 
liquid at 38 C. In case it is necessary 
to bring the oil to a temperature higher 
than 38 C. in order to render it com- 
pletely fluid, the specific gravity shall 
be determined at the lowest temperature 


at which it is completely fluid. This 
observed specific gravity at the observed 
temperature shall be corrected to the 
specific gravity at 38 C. by the use of 
Table II of the Standard Volume and 
Specific Gravity Correction Tables for 
Creosote and Coal Tar (A.S.T.M. De- 
signation: D 347) of the American 
Society for Testing Materials.^ 

- Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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SPECIFIC GRAVITY OF CREOSOTE FRACTIONS 
AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: T 74-42 


Standard Method of Test for 
SPECIFIC GRAVITY, 38/15.5 C., OF CREOSOTE FRACTIONS' 



A.S.T.M. Designation: D 369 - 33 
Adopted, 1933.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 369; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, This method is a convenient and 
accurate means of determining the 
specific gravity of (a) creosote fractions 
(distilled at 235 to 315 C.) entirely 
liquid at 38 C., and (6) creosote fractions 
(distilled at 315 to 355 C.) containing 
solids at 38 C. It is also suitable for 
other distillation fractions of creosote 
or for creosote and creosote - coal tar 
solutions where only small amounts are 
available. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(а) Pycnometers . — Pycnometers of 10 
and 25-ml. capacities with ground-glass 
stoppers having the usual capillary 
openings. 

(б) Water Bath . — A water bath con- 
sisting of a vessel filled with sufficient 
water to permit of maintaining a tem- 
perature of 38 rb 0.1 C. 

{c) Thermometer . — An A.S.T.M. Low 

_ 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.TiM. 
Committee D-7 on Timber. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1930 to 1933, being revised in 1933. 


Softening Point Thermometer graduated 
in Centigrade degrees, having a range of 
— 2 to -f- 80 C., and conforming to the 
requirements for this thermometer as 
prescribed in the Standard Specifica- 
tions for A.S.T.M. Thermometers 
(A.S.T.M. Designation; E 1) of the 
American Society for Testing Materials.® 
(d) Balance . — An analytical balance 
accurate to 0.5 mg. 

Calibration of Pycnometer 

3. Before making a determination, 
the pycnometer with stopper shall first 
be calibrated as follows: Weigh the 
empty, clean, dry pycnometer with 
stopper upon the analytical balance. 
Fill the pycnometer with freshly boiled 
distilled water, place in the water bath, 
and bring the temperature to 38.0 
d:: 0.1 C. Insert stopper, wipe dry, and 
weigh. 

Procedure for Fractions Entirely Liquid 
at 38 C. 

4. The specific gravity of creosote 
fractions (distilled at 235 to 315 C.) 

» Appears in this publication, see Contents in Numeric 
Sequence of A-S.T.M Design^itions ^.t froqt of book, 
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entirely liquid at 38 C. shall be deter- 
mined as follows: 

Heat the creosote fraction until com- 
pletely liquid and continue heating to a 
temperature not exceeding 38 C.; then 
pour it into the empty, dry pycnometer 
until full, avoiding the formation of air 
bubbles. Insert the stopper in the 
pycnometer, taking precautions to avoid 
the inclusion of air bubbles. Place the 
filled pycnometer in the water bath 
maintained at a temperature of 38 
± 0.1 C. until the pycnometer and its 
contents are at a constant volume at 
38 C. After immersion in the bath for 
at least 30 min., remove the pycnometer, 
wipe clean and dry; then weigh. 

Procedure for Fractions Containing 

Solids at 38 C. 

5. The specific gravity of creosote 
fractions (distilled at 315 to 355 C.) 
containing solids at 38 C. shall be de- 
termined as follows: 

Heat the creosote fraction until com- 
pletely liquid, and pour it into the empt}'-, 
dry pycnometer until about one-half 
full, avoiding the inclusion of air bubbles. 
Cool to room temperature and weigh. 
Cover the solid or partially solid fraction 
with freshly boiled distilled water until 
the pycnometer is about three-quarters 
full ; place in a water bath at 90 C. and 
allow to remain without agitation until 
the fraction is liquid and all air is 
removed. Cool the pycnometer and 
its contents to a temperature somewhat 
below 38 C.; fill the pycnometer with 
freshly boiled distilled water, avoiding 
the formation of air bubbles; and insert 
the stopper in. the pycnometer, taking 
precautions to avoid the inclusion of 
air bubbles. 

Place the fdled pycnometer in the 
water bath maintained at a temperature 
of 38 ± 0.1 C. until the pycnometer and 
its contents are at a constant volume at 


38 C. After immersion in the bath 
for at least 30 min., remove the pycnom- 
eter, wipe clean and dry; then weigh. 

Calculations 

6. The expression ‘‘38/15.5 C.” means 
specific gravity of the fraction at 38 C. 
compared with water at 15.5 C. This 
cannot be determined directly. The 
specific gravity is first determined at 38 
C. compared with water at 38 C. and 
this determination represents the rela- 
tion of the weight of a volume of oil 
at 38 C. to the weight of an equal volume 
of water at the same temperature. The 
relation to an equal volume of water at 
15.5 C. is obtained by multiplying the 
former figure by 0.99393 — the ' density 
of water at 38 C. compared to water at 

15-5 C., From foregoing, 

it will be readily seen that it is incorrect 
to calculate the specific gravity at 
38/15.5 C. by dividing the weight of the 
oil determined at 38 C. by the weight 
of water taken at 15.5 C. 


Note: Examples. — The following examples 
are given to illustrate the correct methods of 
calculation: 

Fractions Entirely Liquid at 38 C. — The 
weight of the pycnometer is 19.1624 g.; the 
weight of the pycnometer filled with water is 
43.8837 g.; the weight of the pycnometer filled 
with oil is 44.876 g.: 


- 44,86 7 6 - 19.1624 _ 
43.8837 - 19.1624 ' 


Sp.gr. at 38/13.5 C. = 1.0398 X 0.99393 = 1.0333 


Fractions Coritaming Solids at 38 C. — The 
weight of the pycnometer is 12.6370 g.; the 
W'eight of the pycnometer filled with water is 
22.5708 g.; the weight of the pycnometer 
partially filled with oil is 17.4962 g.; the weight 
of the partially filled pycnometer completely 
filled with water is 23.0453 g. : 


Sp. gr. at 3S/3S'C. 

17.4 962 “ 12.03W 

(22.5708 - 12.6370) - "(23 .64,33 '- 
Sp.gr. at 38/15.3 C. = 1,1082 X 0.99.393 


17.4962) 
= 1.1015 


a.b:.e.a. method of test foe 

WATER IN CREOSOTE 

AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: T 83-42 


Standard Method of Test for 
WATER IN CREOSOTE* 



A.S.T.M. Designation: D 370 - 33 
Adopted, 1933.“ 

TMs Standard of the American Society for Testing Materials is issued under 
the fixed designation D 370; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This is an accurate method for 
determining the percentage of water in 
creosote and creosote - coal tar solution. 
Its use is indicated for dehydrating 
creosote containing more than 3 per cent 
of water in preparation for the distilla- 
tion test. The alternative procedure 
is more convenient and rapid where the 
determination of water only is required. 

Apparatus 

2. The apparatus shall consist of the 
following: 

if) Still . — A vertical, cylindrical 
copper still, with removable flanged top 
and yoke, of the form and approximate 
dimensions shown in Fig. 1. 

(b) Thermometer . — An A.S.T.M. High 
IJistillation Thermometer, total im- 
mersion, graduated in either Centigrade 
or Fahrenheit degrees as specified, 
having a range of 0 to 400 C. or 30 to 
760 F., and conforming to the require- 
ments for this thermometer as pre- 
scribed in the Standard Specifications 

_ I Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-7 on Timber. 

2 Editorially revised and rearranged in 1939. 


for A.S.T.M. Thermometers (A.S.T.M. 
Designation: E 1) of the American 
Society for Testing Materials.’’ 



(c) Condenser.— A. copper trough con- 
denser, with straight- walled glass tube, 
having approximately the form and 
dimensions shown in Fig. 2. 

» Appears in this publication, see Contents in Niuneric 
Sequence of A.S.T.M. Designations at front of book. 
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(d) Separatory FunneL—A separatory 
funnel conforming to the requirements 
shown in Fig. 3. It shall have a total 
capacity of approximately 200 ml. with 
the lower 20 ml. graduated accurately 
in 0.1 ml. The graduation marks shall 
be numbered for each milliliter. 
Apparatus Assembly 

3. The apparatus shall be assembled 
as shown in Fig. 2. 


possible, and measured, gopatafdy. If 
more than 3 per cent of water is present, 
the percentage of water present shall 
be determined by the method described 
in Paragraph (b), and the water-free 
oil so obtained shall be used in the 
distillation test. 

(b) A 200-ml. sample of the oili 
shall be measured into a graduated! 
cylinder and poured into a copper' 



Procedure 

4. (fl) When any measurable amount 
of water is present in the distillate below 
210 C. as determined in accordance with 
the Standard Method of Test for Distil- 
lation of Creosote (A.S.T.M. Designa- 
tion: D 246) of the American Society 
for Testing Materials,® the oil and water 
in tliis fraction shall be separated, if 


still, allowing the cylinder to drain into 
the still for several minutes. The lid 
shall be clamped on, using a paper gasket 
slightly wet with oil around the flange 
of the still. Heat shall be applied by 
means of the ring burner, which shall 
be placed just above the level of the oil 
in the still at the beginning of the test 
and gradually lowered when most of 
the water has distilled ovep The dis- 
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tillation shall be continued until the 
vapor temperature reaches 205 C., as 
indicated by the thermometer with the 
bulb opposite the ofll-take of the con- 
necting tube. The distillate shall be 
collected in a separatory funnel. When 
the distillation is completed, and a 
clear separation of water and oil in the 
funnel has taken place, the water shall 
be read by volume and drawn off. 
Any light oil distilled over with the 
water shall be returned to the oil in the 
still. The dehydrated oil from the still 
shall be used for the distillation test. 

Alternative Procedure 

5. The amount of water may be 
determined in accordance with the 
Standard Method of Test for Water in 
Petroleum Products and Other Bitu- 
minous Materials (A.S.T.M. Designa- 
tion: D 95) of the American Society 
for Testing Materials.^ 

Note.— T his method is of particular service 
where the determination of water only is in- 
volved and the dehydrated material is not to be 
used subsequently for analysis. 



Standard Method of Test for 

TAR ACIDS IN CREOSOTE AND CREOSOTE - COAL TAR 
SOLUTIONS^ 



A.S.T.M. Designation: D 453 - 41 
Adopted, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation jD 453; the final number indicates the year of original 
adoption as standard or,, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the 
procedure for determining the amount 
of tar acids in fractions distilled from 
creosote and creosote - coal tar solutions. 

Apparatus 

2. (a) Type I Separatory Funnel . — 
The type I glass separatory funnel 
shall conform to the requirements shown 
in Fig. 1. It shall have a total capacity 
of approximately 200 ml. with the lower 
20 ml. graduated accurately in 0.1 ml. 
The graduation marks shall be num- 
bered for each milliliter. 

(&) Type IT Separatory Funnel . — 
The type II glass separatory funnel 
shall have a total capacity of approxi- 
mately 260 ml. and shall conform to 
the requirements shown in Fig. 2. The 
capacity of the lower bulb from the 
stopcock to the first graduation mark 
shall be 6.5 ml, and above this mark 
the stem shall be graduated accurately 

1 Under the standardiziition procedure of tUe Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee 0-7 on Timber. 

2 Prior 1.0 adoption as standard, this method was pub- 
lished as tentative from 1937 to 1941, being revised in 1938 
and 1939. 


for 100 ml. in 0.2 ml. The graduation 
marks shall be numbered for each 
two milliliters. 

Procedure 

3. (o) In making the determination, 
100 g. of the sample shall be distilled 
in accordance with the Standard Method 
of Test for Distillation of Creosote 
(A.S.T.M. Designation: D 246) of the 
American Society for Testing Materials.** 
The fraction (Note) to be tested shall 
be transferred to a regular 250-ml. 
glass-stoppered separatory funnel, and 
50 ml. of c.p. benzol and 50 ml. of an 
18.3 per cent solution of NaOH (sp. gr. 
1.20 at 20/4 C.) shall be added. The 
mixture shall be shaken vigorously for 
3 min. and allowed to settle. The well- 
settled lower portion of the liquid shall 
then be drawn off into a 250-nil. beaker. 
An additional 30 ml. of the NaOH solu- 
tion (18.3 per cent) shall be added to the 
separatory funnel and the contents 
gently shaken for 2 min. After settling, 
the lower portion of the liquid shall be 
drawn off and added to the beaker con- 

2 Appears in tliis publication, see Contents In Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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taming the first portion. Sufficient 
diluted H2SO4 (1‘.3) shall be added to 
the mixture in the beaker to turn blue 
litmus paper definitely red. The solu- 
tion shall be cooled during the addition 
of the acid. 

(b) If the tar acids liberated are 
estimated to be under 10 ml., type I 
separatory funnel (Fig. 1) shall be used 
and 10 ml. of high-flash naphtha or 



Fig. 1, — Type I Glass Separatory Funnel, 
200-nil. Capacity. 


c.p. benzol at 25 C. shall be measured 
into it. The liberated tar acids and 
sulfate solution shall then be poured 
through this layer of naphtha or benzol 
several times, drawing the material off 
at the bottom of the funnel into the 
original beaker and pouring it back into 
the top of the funnel. This washes 
out the beaker and allows all the tar 
acids to be absorbed. The funnel shall 


then be allowed to stand at 25 C., until 
the layers separate clearly, when the 
sulfate solution shall be drawn oflf and 
the increase in the volume of the naphtha 
or benzol taken as the dry tar acids 
present. 

(c) If the tar acids liberated are 
estimated to be more than 10 ml., the 
procedure described in Paragraph (b) 
shall be followed except that 65 ml. of 



Fig, 2, — Type 11 Glass Separatory Funnel 
260 ml. Capacity. 


high-flash naphtha or c.p. benzol at 
25 C. shall be measured into the type 
II separatory funnel (Fig. 2.). 

Note.— If the total content of tar acids in a 
sample is desired, the entire distillate below 
355 C. should be tested. In this case the results 
shall be reported as percentage l)y volume, that 
is, as the number of milliliters of tar adds per 
100 ml. of the original dry sample, both volumes 
measured at the same temperature. 
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Calculation 

4. The result shall be reported as a 
percentage of the fraction tested, calcu- 
lated as follows: 

G X F 

Tar acids, per cent = — X 100 
W 


where G = specific gravity of the tar 
acids at 25 C./15.5 C.,“ 
V — volume of tar acids in milli- 
liters, and 

W — weight of fraction in grams. 

“ For practical purposes the specific gravity of the tar 
acids may be assumed to be 1.040. 


CONFORMS TO 

A.ILE^ VOLUME AND SPECIFIC GRAYITY 
CORRECTION TABLES 


STANDARD VOLUME AND SPECIFIC GRAVITY CORRECTION 
TABLES FOR CREOSOTE AND COAL TAR' 


A.S.T.M. Designation : D 347 - 33 
Adopted, 1933.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 347; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 



These tables have been prepared by 
the National Bureau of Standards to 
meet a demand from the wood preserv- 
ing industry for convenient tables for 
reducing creosote volumes to the basis 
of 100 F. (38 C.) and for reducing 
specific gravity observations to the same 
temperature. Tables I and II give in 
parallel columns correction factors for 
creosote, and for mixtures of creosote and 
coal tar (up to 50 per cent tar) desig- 
nated as solution, and for coal tar. 
They are based on density determina- 


1 Under the standardization procedure of the Society, 
these tables are under the jurisdiction of the A.S.T.M. 
Committee D-7 on Timber. 

These tables have been adopted as standard by the 
American Wood Preservers’ Association and by the 
American Railway Engineering Association: they are the 
outcome of a Joint Conference Committee representing 
these associations and the American Society for Testing 
Materials. 

2 Prior to adoption as standard, these tables were 
published as tentative from 1932 to 1933. 


tions made on a selected range of domes- 
tic and foreign creosote and domestic 
coke-oven tars. 

Table I shows the volume occupied at 
100 F. (38 C.) by a quantity of oil 
occupying a unit volume at the indicated 
temperature; for example, 1 gal. of 
creosote measured at 120 F. (49 C.) will 
have a volume of 0.9921 gal. at 100 F. 
(38 C.) ; thus, if the volume of creosote 
at 120 F. (49 C.) equals 10,000 gal, 
then the volume at 100 F. (38 C.) 
equals 10,000 times 0.9921 or 9,921 gal. 

Table II gives corrections for observed 
specific gravity which are simply made 
by adding them to the observed values 
for temperatures above 100 F. (38 C.) 
and subtracting them for temperatures 
below 100 F. (38 C.). 
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TABLE I— VOLUME CORRECTION TABLE FOR CREOSOTE, CREOSOTE - COAL TAR SOLUTION (UP TO 
50 PER CENT TAR), AND COAL TAR (COKE-OVEN TARS). 

TJie observed volume is to be multiplied by the factor corresponding to the observed temperature. 


Observed 
Temper- 
ature, 
deg. Fahr. 


Volume at 100 F. Occu- 
pied by Unit Volume at 
Indicated Temperature 


0.9520 

0.9530 

0.9534 

0.9538 

0.9542 

0.9S4<) 

0.9550 

0.9554 

0.9558 

0.9561 

0.9565 

0.9569 

0.9573 

0.9577 

0.9'S81 

0.9585 

0.95S9 

0.9593 

0.9597 

0.9601 

0.9605 

0.9609 

0.9612 

0.9616 

0,9620 

0.9624 

0.9628 

0.9632 

0.9636 

0.9640 

0.9644 

0.964S 

0.9652 

0.96S6 

0.9660 

0.9664 

0.9668 

0.9672 

0.9676 

0.9680 


0.9542 

0.9.546 

0.9550 

0.9554 

0.9557 

0.9561 

0.9565 

0.9569 

0.9573 

0.9577 

0.9581 

0.9584 

0.9588 

0.9592 

0.9596 


0.9619 

0.9623 

0.9627 

0.9631 

0.9634 

0.9638 

0.9642 

0.9646 

0.9650 

0.9654 

0.96.58 

0.9662 

0.9665 

0.9669 

0.9673 

0.9677 


0.9594 

0.9597 

0.9600 

0.9604 

0.9607 

0.9611 

0.9614 

0.9618 

0.9621 

0.9625 

0.9628 

0.9632 

0.9635 

0.9639 

0.9642 

0.9646 

0.9649 

0.9652 

0.9656 

0.9659 

0.9663 

0.9666 

0.9670 

0.9673 

0.9677 

0.9680 

0.9684 

0.9687 

0.9690 

0.9694 

0.9697 

0.9701 

0.9704 

0.9708 

0.9711 

0.9714 

0.9718 

0.9721 

0.9725 

0.9728 


Observed 
Temper- 
ature, 
deg. Fahr. 


Volume at 100 F. Occu- 
pied by Unit Volume at 
Indicated Temperature 


0.9687 

0,9691 

0.9695 

0.9699 

0.9703 

0.9707 

0.9711 

0.9715 

0.9719 

0.9723 

0.9727 

0.9731 

0.9735 

0.9739 

0.9743 

0.9747 

0.9751 

0.97.54 

0.9758 

0.9762 

0.9766 

0.9770 

0.9774 

0.9778 

0.9782 

0.9786 

0.9790 

0.9794 

0.9798 

0.9802 

0.9806 

0.9810 

0.9814 

0.9818 

0.0822 

0.9826 

0.9830 

0.9834 

0.9838 


0.9696 

0.9700 

0.9704 

0.9708 

0.9712 

0.9715 

0.9719 

0.9723 

0.9727 

0.9731 

0.9735 

0.9738 

0.9742 

0.9746 

0.9750 

0.9754 

0.9758 

0.9762 

0.9765 

0.9769 

0.9773 

0.9777 

0.9781 

0.9785 

0.9788 


0.9811 

0.9StS 

0.9819 

0.9823 

0.9827 

0.9830 

0.9834 

0.9838 

0.9842 

0.9846 


0.9732 

0.9735 

0.9739 

0.9742 

0.9745 

0.9749 

0.9752 

0.9756 

0.9759 

0.9762 

0.9766 

0.9769 

0.9772 

0,9776 

0.9779 

0.9783 

0.9786 

0.9789 

0.9793 

0.9796 

0.9800 

0.9803 

0.9806 

0.9810 

0.9813 

0.9816 

0.9820 

0.9823 

0.9827 

0.9830 

0.9833 

0.9837 

0.9840 

0.9844 

0.9847 

0.9850 

0.9854 

0.9857 

0.9860 

0.9864 


Observed 
Temper- 
ature, 
deg. Fahr. 


Volume at 100 F. Occu- 
pied by Unit Volume at 
Indicated Temperature 


0.9842 

0.9846 

0.9850 

0.9853 

0.9857 

0.9861 

0.9865 

0.9869 

0.9873 

0.9877 

0.9881 

0.9885 

0.9889 

0.9893 

0.9897 

0.9901 

0.9905 

0.9909 

0.9913 

0.9917 

0.9921 

0.9925 

0.9929 

0.9932 

0.9936 

0.9940 

0.9944 

0.9948 

0.9952 

0,9956 

0,9960 

0.9964 

0.9968 

0.9972 

0.9976 

0.9980 

0.9984 

0.9988 

0.9992 

0.9996 

1.0000 


0.9850 

0.9853 

0.9857 

0.9861 

0.9865 

0.9868 

0.9872 

0.9876 

0.9880 

0.9884 

0.9887 

0.9891 

0.9895 

0.9899 

0.9902 

0.9906 

0.9910 

0.9914 

0.9917 

0.9921 

0.9925 

0.9929 

0.9932 

0.9936 

0.9940 

0.9944 

0.9948 

0.9951 

0.9955 

0.9959 

0.9962 

0.9966 

0.9970 

0.9974 

0,9978 

0.9981 

0.9985 

0.9989 

0.9992 

0.9996 

1.0000 


0.9867 

0.9870 

0.9874 

0.9877 

0.9880 

0.9884 

0.9887 

0.9890 

0.9894 

0.9897 

0,9900 

0.9904 

0.9907 

0.9910 

0.9914 

0.9917 

0.9920 

0.9924 

0.9927 

0.9930 

0.9934 

0.9937 

0.9940 

0.9944 

0.9947 

0.9950 

0.9954 

0.9957 

0.9960 

0.9964 

0.9967 

0.9970 

0.9974 

0.9977 

0.9980 

0.9983 

0.9987 

0.9990 

0.9993 

0.9997 

1.0000 


The portion of the table below should not be used unless the oil is entirely free from crystals. 
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TABLE II.-SPECIFIC GRAVI^TY CORRTC TABLE FOR CREOSOTE. CREOSOTE -COAL TAR SOLUTION 
(UP TO 50 PER CENT TAR), AND COAL TAR (COKE-OVEN TARS). 




A.R.E.A. METHODS OF CHEMICAL ANALYSIS 
OF ZINC CHLORIDE 


Standard Methods of 
CHEMICAL ANALYSIS OF ZINC CHLORIDE* 



A.S.T.M. Designation: D 199-27 
Adopted, 192 7.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 199; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the deter- 
mination of the percentages of insoluble 
basic zinc chloride, zinc chloride, and 
iron present in commercial concentrated 
solutions of zinc chloride or in fused or 
granulated zinc chloride, for use in the 
preservative treatment of wood. 

Special Solutions Required 

2. (a) Standard Ferrocyanide Solution. 
— Weigh 43.25 g. of c.p. potassium ferro- 
cyanide and 14 g. of c.p. crystallized 
sodium sulfite, dissolve in water and 
make up to 1 liter at room temperature. 
Shake thoroughly. Standardize against 
a zinc solution of known concentration 
prepared from spelter of known zinc 
content or from c.p. zinc oxide which 
has been previously ignited. One milli- 
liter of this solution will be equal to 
approximately 0.01 g. of zinc. The 
standardization should be carried out as 
nearly as possible in the same maimer as 


I Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-7 on Timber. 

* Prior to adoption as standard, these methods were 
published as tentative from 1924 to 1927. Editorially re- 
vired and rearranged in 1939. 


in the estimation of zinc and approxi- 
mately the same amount of zinc should 
be present. Keep the solution in a dark 
bottle. Shake thoroughly before each 
using and standardize each time it is 
used. 

{h) Uranium Acetate Indicator.— Dis- 
solve 4.4 g. of c.p. uranium acetate, free 
from sodium, in 100 ml. of hot water and 
2 ml. of glacial acetic acid. Use this as 
an external indicator on a paraffined 
plate making the drops as nearly 0.05 
ml. as possible. 

(c) Hydrogen Peroxide. — The usual 
laboratory reagent is satisfactory, if 
fresh. 

{d) Hydrogen Sulfide Solution. — The 
usual laboratory reagent is satisfactory. 

Insoluble or Basic Zinc Chloride 

3. Weigh from 10 to 14 g. of the 
sample, if fused or granulated, from a 
stoppered weighing bottle, or place an 
equivalent quantity, if a solution, into a 
600-ml. beaker. Add cold water to 400 
ml. Stir the contents of the beaker until 
solution is complete. Allow to settle 
over night. Filter the solution through 
a 12.5-cm. filter paper which has pre- 
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viously been washed, dried, and weighed. 
Receive the filtrate in a 1000-ml. 
graduated measuring flask. Clean the 
beaker with a rubber policeman, and 
wash the insoluble matter in the filter 
paper until the filtrate measures 1 liter. 
Dry the filter paper containing the in- 
soluble matter over night in an oven 
heated to 100 C. (212 F.). Cool, and 
weigh between clipped watch glasses. 
Calculate the increase in weight of filter 
paper to a percentage of the original 
sample.® Duplicate determinations 
should check within 1.3 per cent. 

Zinc 

4 . (a) Volumetric Method (For use 
when manganese chloride does not 
exceed 0.3 per cent,). — Shake the filtrate 
obtained from the estimation of in- 
soluble basic zinc chloride and whose 
volume is exactly 1 liter (Section 3), and 
transfer three aliquot portions of 100 
ml each with an accurate 100 -ml. 
pipette into 450-ml. Griffin beakers. 
Add to each portion 15 g. of ammonium 
chloride and 5 ml. of HCl (sp. gr. 1.19). 
Dilute to 350 ml. and heat nearly to 
boiling. Titrate slowly, while stirring 
vigorously, using a solution of potassium 
ferrocyanide as the standard reagent and 
uranium acetate as an external indicator. 
Report the average of the results ob- 
tained with the three aliquot portions 
analyzed. 

( 6 ) Volumetric Method (For use when 
the manganese chloride equals or exceeds 
0.3 per cent,). — To the aliquot portions 
taken as described in Paragraph (a), add 
1 ml. of H 2 O 2 (2 to 3 per cent) and 10 ml. 
of NH4OH (1:1). Stand on steam 
bath until settled. Filter off the man- 
ganese, wash the beaker and paper twice 
with hot water. Dissolve the pre- 
cipitate in the smallest amount of HCl 
( 1 : 1 ) in the original beaker, heat until 

* A Gooch crucible may be used in place of the weighed 
filter paper. 


all is dissolved; the volume of the 
solution should be about 20 ml. Re- 
precipitate the manganese with 1 ml. of 
H 2 O 2 and 10 ml. of NH4OH, boil, filter, 
and wash several times with hot water. 
Add the filtrate to that obtained in the 
first separation. Add 15 ml. of HCl 
(sp. gr. 1.19) to the combined filtrate 
and just neutralize with NH4OH (sp. 
gr. 0 90), then add 5 ml. of HCl in 
excess. Dilute to 325 ml. and add 25 
ml. of saturated hydrogen sulfide water 
to remove any traces of H 2 O 2 , heat and 
titrate as described in Paragraph {a). 

(c) Gravimetric Method (Alternate 
method, for use when only a limited 
amount of work is necessary.). — Shake 
the filtrate obtained from the estimation 
of insoluble basic zinc chloride and whose 
volume is exactly 1 liter (Section 3), and 
transfer three aliquot portions of 200 
ml. each with an accurate pipette 
to 450-ml. Griffin beakers. Add to 
each 4 ml. of c.p. H2SO4 (sp. gr. 1.84). 
Evaporate on a steam bath; then on a 
steam plate or hot plate to copious SO3 
fumes, to completely eliminate chlorides. 
Cool, and take up in 100 ml. of hot 
distilled water. Add 0.5 g. of aluminum 
powder. Cover with a watch glass. 
Heat to boiling and boil 5 min. Filter 
through an 11-cm. filter paper. Receive 
the filtrate in a covered 1000 -ml. 
Griffin beaker. Wash the beaker and 
filter thoroughly with hot water until a 
drop of methyl orange indicator placed 
behind the double fold of filter paper 
shows no acidity. Exactly neutralize 
the filtrate with diluted NH4OH. Use 
great care and precision, and carry the 
neutralization just to the end point. 

Add 10 ml. of 0.1 N H 2 SO 4 (3 ml of 
c.p. H2SO4 (sp. gr. 1.84) in 1000 ml. of 
water). Dilute to 650 ml. Cover the 
beaker, and bubble through the solution 
a rapid stream of H 2 S for 30 min. to 
•1 hr. at room temperature. 

Settle and filter through a double 
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filter of one 15-cm. and one 11-cm. 
paper^ folded together. Transfer the 
precipitate to the filter paper. Thor- 
oughly clean the beaker with a rubber 
policeman until the zinc sulfide is all 
removed except a very thin film which 
clings tenaciously to the glass at the 
surface of the liquid. Thoroughly wash 
the beaker and precipitate at room 
temperature with water saturated with 
hydrogen sulfide. Repeat washing of 
filter paper, and precipitate five or six 
times. Transfer paper and precipitate 
to an ignited, cooled, desiccated, and 
weighed porcelain crucible of suitable 
capacity (about 25 to 30 ml.) . Carefully 
dry the paper and precipitate and when 
dry completely burn off the paper at as 
low a temperature as possible. When 
carbon has been completely burned out, 
ignite the resultant oxide of zinc strongly 
to as high a temperature as is available, 
but not higher than can be attained with 
a laboratory blast lamp with the aid of 
gas and air. Heat for 30 min. After 
strong ignition, cool the crucible, desic- 
cate, and weigh. The increase in weight 
is zinc oxide. The weight of the zinc 


oxide multiplied by the factor 1.6749, 
multiplied by 100, divided by the weight 
of sample in the aliquot portion taken, 
equals the percentages of zinc chloride. 

Report the average of the results 
obtained with the three aliquot portions 
analyzed. Results should agree within 
1.5 per cent. 

Estimation of Iron and Aluminum 

5. Weigh 10 g. of the sample, if fused 
or granulated, or place an equivalent 
quantity, if a solution, into a suitable 
beaker and dissolve in 100 ml. of water 
or dilute to 100 ml., if a solution. Add 
sufficient HCl to dissolve any basic zinc 
chloride. Add a slight excess of bromine 
water and boil off excess. Neutralize 
with a weak solution of sodium car- 
bonate until a permanent precipitate of 
zinc carbonate is obtained. Add three 
drops of glacial acetic acid and 2 g. of 
sodium acetate, and boil. Filter and 
wash. Redissolve the precipitate in the 
original beaker with hot HCl (1:1). 
Reprecipitate the iron and alumina with 
a slight excess of NH4OH, filter, and 
wash free from chlorine. Ignite in a 
platinum crucible and weigh as Fe 203 
"h AI2O3. 


* Ashless paper should be used. 



Standard Definitions of 
TERMS RELATING TO TIMBER PRESERVATIVES ^ 



A.S.T.M. Designation : D 324 ~ 41 
Adopted, 1933; Revised, 1941.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 324; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Coal Tar. — Tar produced by the destructive 
distillation of bituminous coal. 

Coke-Oven Tar. — Coal tar produced in 
by-product coke ovens in the manufacture 
of coke from bituminous coal. 

Creosote (Creosote Oil, Creosote Distil- 
late). — ■ As used in wood preservation, a 
distillate of coal tar produced by high- tem- 
perature carbonization of bituminous coal; 
it consists principally of liquid and solid 
aromatic hydrocarbons, and contains 
appreciable quantities of tar acids and tar 


1 Under the standardization iirocedure of the Society, 
these definitions are under the jurisdiction of the A.S.T.M. 
Committee D-7 on Timber. 

^ Prior to adoption as standard, these definitions were 
published as tentative from 1930 to 1933, being revised in 
1933. 


bases; it is heavier than water; and has a 
continuous boiling range of at least 125 C. 
beginning at about 200 C. 

Creosote - Coal Tar Solution. — Solution of 
coal tar in creosote in various propor- 
tions. Usually contains 20 to 40 per 
cent of coal tar. 

Creosote Distillate. — See Creosote. 

Creosote Oil. — See Creosote. 

Gas-House Coal Tar. — Coal tar produced 
in gas-house retorts in the manufacture 
of illuminating gas from bituminous coal. 

Water-Gas Tar. — Tar produced in the man- 
ufacture of carbureted water gas by the 
decomposition of petroleum oil by heat in 
the presence of blue gas. 
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APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K22.1-1914 


Standard Speciji cations for 
ZINC OXIDES 

# 

A.S.T.M. Designation; D 79 - 44 

Adopted, 1924; Revised, 1939, 1941, 1944.“ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 79; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ments commercially known as “zinc 
white” or zinc oxide. The pigment 
may be purchased in the dry form or as 
a paste in oil. 

Composition and Properties 

2, {a) Dry Pigment. — The pigment 
shall be zinc oxide of either the American 
process type or the French process type. 
The type desired shall be stated in the 
order. The pigment shall conform to 
the following requirements: 

American French 

Process Process 
Type Type 

Zinc oxide, min., per cent. . . 98 99 

Total sulfur, max., per cent ,0.2 0.1 

Moisture and other volatile 
matter, max., per cent. . . 0.5 0.5 

Total impurities, including 
moisture and other volatile 
matter, max., per cent. .. . 2.0 , 1.0 

Coarse particles (total resi- 
due retained on a No. 325 
(44-micron) sieve), max., 
percent 1.0 1.0 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction -of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1921 to 1924, being re- 
vised in 1924. 


{h) Paste in Oil . — The paste shall be 
made by thoroughly grinding the speci- 
fied pigment with linseed oil. As re- 
ceived it shall not be caked in the con- 
tainer and shall break up readily in oil 
to form a smooth paint of brushing 
consistency. The paste shall conform 
to the following requirements: 


Pigment, per cent 80 to 86 

Linseed oil, per cent 14 to 20 

Moisture and other volatile matter, 

max., percent 0.5 

Coarse particles and skins (total resi- 
due retained on a No. 325 (44- 
micron) sieve), max., per cent of the 
dry pigment 1.5 


(c) In such physical properties as are 
specified by the purchaser, the pigment 
shall satisfactorily match a reference 
sample mutually agreed upon by the 
purchaser and the seller. In the event 
that either an acicular type or a nodular 
(spherical) type of zinc oxide is desired, 
the particle shape shall be determined by 
examining or photographing microscopic 
mounts (1000 X or more) of the sample 
and the mutually agreed upon standard 
which are to be prepared as specified in 
the Tentative Method of Test for Par- 
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tide Size Distribution of Subsieve Size 
Particulate Substances (A.S.T.M. Desig- 
nation: E 20).^ 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 
unit of production in a shipment. When 
no markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


10,000 lb, two samples shall be taken. 
At the option • of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in ac- 
cordance with the appropriate methods 
of the American Society for Testing 
Materials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall be mutually agreed upon by 
the purchaser and the seller. 



Standard Speciji cati ons for 
LEADED ZINC OXIDE^ 



A.S.T.M. Designation: D 80 - 41 

Adopted, 1924; Revised, 1940, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 80; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ment commercially known as leaded 
zinc oxide. The pigment may be pur- 
chased in the dry form or as a paste 
in oil. 

Composition, and Properties 

2. {a) Dry Pigment . — The pigment 
shall consist of zinc oxide and normal 
or basic lead sulfate, and shall conform 
to the following requirements : 

35 per cent 


Leaded 

Zinc oxide, per cent 62 to 67 

Matter soluble in water, max., per 

cent 1.0" 

Moisture and other volatile matter, 

max., percent. 0.5“ 

Total impurities, including moisture 
and other volatile matter, max.. 


Normal or basic lead sulfate remainder 

Coarse particles (total residue re- 
tained on a No. 325 (44-micron) 
sieve), max., per cent 1.0“ 


“ These specification limits and the permissible vari- 
ation for zinc oxide content (plus 2 and minus 3 per cent, 
based on the percentage of zinc o.xide claimed) apply to 
any other combination of zinc oxide and normal or basic 
lead sulfate that is agreed upon by the purchaser and the 
seller. 

(&) Paste in Oil . — The paste shall be 


a dispersion of the specified pigment in 
linseed oil. As received it shall not be 
caked in the container and shall break 
up readily in oil to form a smooth paint 
of brushing consistency. It shall mix 
readily in all proportions, without curd- 
ling, with linseed oil, turpentine, or 
volatile petroleum spirits, or any mix- 
ture of these substances. The paste 
shall conform to the following require- 
ments: 


o.'5 per cent 
Leaded® 

Pigment, per cent 81 to 87 

Linseed oil, per cent . 13 to 19 

Moisture and other volatile mat- 
ter, max., per cent 0.5 

Coarse particles and skins (total 
residue retained on a No. 325 
(44-micron) sieve), max,, per 
cent of the dry pigment. ...... 1.5 


“ These specification limits may also apply to any other 
combination of zinc o.xide and normal or basic lead sulfate 
that is agreed upon by the purchaser and the seller. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S,T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

“ Prior to adoption as standard, these specifications 
were published as tentative from 1921 to 1921, being re- 
vised in 1924. 
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(c) In such physical properties as are 
specified by the purchaser, the pigment 
shall satisfactorily match a reference 
sample mutually agreed upon by the 
purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other unit 
of production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 


10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted iu accord- 
ance with the appropriate methods of 
the American Society for Testing Ma- 
terials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall be mutually agreed upon by 
the purchaser and the seller. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K23.1-1943 


Standard Specifications for 
BASIC CARBONATE WHITE LEAD' 



A.S.T.M. Designation: D 81 - 43 

Adopted, 1924; Revised. 1931, 1934, 1938, 1941, 1943.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 81; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the ma- 
terial commercially known as basic car- 
bonate v;hite lead, used as a pigment and 
in putty. The pigment may be pur- 
chased in the dry form or as a paste 
in oil. 

Composition and Properties 

2. {a) Dry Pigment . — The pigment 
shall be free from adulterants and shall 
contain not more than traces of impuri- 
ties incident to well-controlled manu- 
facture of high-grade basic carbonate 
white lead. The pigment shall conform 
to the following requirements: 


Lead carbonate, per cent 62.0 to 75.0 

Moisture and other volatile mat- 
ter, max., per cent 0.7 

Total other impurities, max., 

percent 1.0 

Coarse particles (total residue 
retained on a No. 325 (44- 
microii) sieve), max., per cent. . 1.0 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products, 

’ Prior to adoption as standard, these specifications 
were published as tentative from 1921 to 1924, being re- 
vised in 1924. 


{h) Paste in Oil . — The paste shall be 
made by thoroughly grinding the speci- 
fied pigment with linseed oil. The paste 
shall not be caked in the container and 
shall break up readily in oil to form a 
smooth paint of brushing consistency. 
The paste shall conform to the following 
requirements: 


Pigment, min., per cent 89.0 

Linseed oil, max., per cent 11 

Moisture and other volatile matter, max., 

percent 0.7 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) 
sieve), max., per cent of the dry pig- 
ment 1.5 


{c) Semipaste Containing Volatile 
Thinner . — The semipaste shall be made 
by thoroughly grinding the specified pig- 
ment with a mixture of linseed oil and a 
small amount of volatile thinner. The 
semipaste shall not be caked in the con- 
tainer and shall be readily stirred to a 
uniform mixture which shall mix readily 
with oil, turpentine, or volatile petroleum 
spirits to forma smooth paint of brushing 
consistency. The odor of the semipaste, 
as taken from the container, while drying 
or after drying, shall be not abnormally 
pungent or disagreeable. The semi- 
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paste shall conform to the following re- 
quirements: 


Pigment, min. , per cent 87.5 

Linseed oil, max., per cent 10.5 

Moisture and other volatile mat- 
ter®, per cent 1 . 5 to 3 . 0 

Moisture, max. , per cent 0.7 

Coarse particles and skins (total 
residue retained on a No. 325 
(44-micron) sieve), max., per 
cent of the dry pigment 1.5 


“The volatile matter shall be turpentine, volatile 
petroleum spirits, or any mixture thereof. 

{d) The color and color strength, when 
specified, shall be equal to that of a ref- 
erence sample mutualty agreed upon by 
the purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at ran- 
dom from different packages from each 
lot, batch, day’s pack, or other unit of 


production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the ratio 
of two samples for each 10,000 lbs., ex- 
cept that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Ma- 
terials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall be mutually agreed upon by 
the purchaser and the seller. 


APPROVED AS 
AMERICAN STANDARD 

by THE AMERICAN STANDARDS ASSOCIATION 
A.S.A. NO.: K47.1-1944 


Staftdard Specifications for 
BASIC SULFATE WHITE LEA: 



A.S.T.M. Designation: D 82 - A< 

Adopted, 1944.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D S2; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ment commercially known as basic sul- 
fate white lead. The pigment may be 
purchased in the dry form or as a paste 
in oil. 

Composition and Properties 

2. (a) Dry Pigment— Hhe pigment 
shall conform to the following require- 
ments: 


Lead oxide, per cent 15 .0 to 28.0 

Zinc oxide, max., per cent. ..... 5.0 

Total impurities, including mois- 
ture and other volatile matter, 

max., per cent 1.0 

Lead sulfate remainder 

Coarse particles (total residue 
retained on a No. 325 (44- 
micron) sieve), max., per cent. 1.0 


Q}) Paste in 0?7.— The paste shall be 
made by thoroughly grinding the speci- 
fied pigment with linseed oil. The paste 

' Under the .standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

- Prior to adoption as standard, these specifications 
were published as tentative from 1921 to 1924, being 
revised in 1924. They were adopted in 1924, published 
as standard from 1924 to 1942, being revised in 1938 and 
1941, but withdrawn, revised, and republished as tenta- 
tive in 1942. 


as received shall not be caked in the con- 
tainer and shall break up readily in oil 
to form a smooth paint of brushing con- 
sistency. It shall mix readily in all pro- 
portions, without curdling, with linseed 
oil, turpentine, or volatile petroleum 
spirits, or any mixture of these sub- 
stances. The paste shall conform to the 
following requirements: 


Pigment, min., per cent 84.0 

Linseed oil, max., per cent 16.0 

Moisture and other volatile matter, max., 

percent 0.7 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) 
sieve), max., per cent of the dry pig- 
ment 1.5 


(c) The color and color strength, 'when 
specified, shall be equal to that of a ref- 
erence sample mutually agreed upon by 
the purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 
unit of production in a shipment. When 
no markings distmguishing between units 
of production appear, samples shall be 
taken from different packages in the 
824 
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ratio of two samples for each 10,000 lb., 
except that for shipments of less tha n 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 


Methods of Test 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Ma- 
terials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall be mutually agreed upon by 
the purchaser and the seller. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K45-1941 


Standard Specifications for 
TITANIUM DIOXIDE PIGMENTS^ 



A.S.T.M. Designation : D 476 - 41 
Adopted, 1939; Revised, 1941.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 476; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover titanium 
dioxide pigments, as follows: 

Titanium dioxide, commercially 
pure. 


Titanium-Calcium Pigment, a pig- 
ment consisting of titanium dioxide 
and anhydrous calcium sulfate. 

Titanium-Magnesium Pigment, a 
pigment consisting of titanium dioxide 


TABLE I.-REQUIREMENTS FOR COMPOSITION. 



Titanium 

Dioxide 

Pigment 

1 Titanium Barium Pigment j 

Titanium 

Calcium 

Pigment 

Titanium 

Magnesium 

Pigment 

Class A 

Class B 


97.0 

i'.s 

O.S 

1.0 

28.0 

24.0 

28.0 

28.0 

7.5 

1.0 


Matter soluble in water, max., per cent. . . 
Moisture and other volatile matter, max., 
per cent. 

■i;s' 

O.S 

98 per cent of 
remainder 

1.5 

0.5 

98 per cent of 
remainder 

0,5 

Barium sulfate, min 

Anhydrous calcium sulfate, min 

98 per cent of 
remainder 

1.0 


Magnesium and aluminum silicates, min.. 

Coarse particles (total residue retained 
on a No. 325 (44-inicron) sieve), max., 
per cent 

l.O 

1.0 

98 per cent of 
remainder 

2.0 



Titanium-Barium Pigment, a pig- 
ment consisting of titanium dioxide 
and barium sulfate. 


1 Under the .standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

‘Prior to adoption as standard, these specifications 
were published as tentative from 1938 to 1939, being re- 
vised in 1939. 

These specifications are in effect a revision and con- 
solidation Qi.and replace the former Standard Specifications 
for Titanium Barium Pigment (D 382 -35}, Titanium Calci- 
um Pigment (D 383 - 3S), Titanium Dioxide (D 384 - 36L 
and the Tentative Specifications for Titanium Magnesium 
Pigment (D 442 - 37 T) which were accordingly discon- 
tinued in 1939. 


and magnesium silicates with or with- 
out added micaceous silicates. 
Composition and Properties 
2. {a) The pigments shall conform 
to the requirements for composition 
prescribed in Table I. 

(5) In such physical properties as 
are specified by the purchaser, the pig- 
ment shall satisfactorily match a refer- 
ence sample mutually agreed upon by 
the purchaser and the seller. 
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Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 
unit of production in a shipment. When 
no markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 


samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 
4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test procedures 
not covered by A.S.T.M. methods shall 
be mutually agreed upon by the pur- 
chaser and the seller. 


Standard Specifications for 
ZINC SULFIDE PIGMENTS' 



A.S.T.M. Designation: D 477 - 41 
Adopted, 1939; Revised, 194 1.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 477; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1 . These specifications cover zinc sul- 
fide pigments, as follows: 

Zinc Sulfide, commercially pure. 


pigment consisting of zinc sulfide and 
barium sulfate as indicated in Table I. 

Zinc Sulfide -Magnesium Pigment, 
a pigment consisting of zinc sulfide 


TABLE I.-REQUIREMENTS FOR COMPOSITION.^ 



Zinc 

Sulfide 

Zinc Sulfide 
Barium 
Pigment 

Zinc Sulfide 
Magnesium 
Pigment 

Lithopone 

Titanated 

Lithopone 


97.0 



26.0 

1.0 


Zinc oxide, max,, per cent 

Zinc sulfide plus titanium dioxide, min.. 

1.0 

1.0 

1.0 

’i.’o 

Ti tanium dioxide, min., per cent 



S.S 

1.0 

1.0 



Matter soluble in water, max., per cent. . . 
Moisture and other volatile matter, max., 

per cent 

Barium sulfate, min 

i.5 

0.5 

0.8 

0.5 

98 per cent of 
remainder 

0.8 

0.5 

98 per cent of 
remainder 

"d.s 

0.5 

98 per cent of 
remainder 

Magnesium silicates, with or without 
added micaceous silicates, min 


98 per cent of 
remainder 

0.1 

3,0 

Coarse particles: 

Total residue retained on a No. 100 (149- 

micron) sieve, max., per cent 

Total residue retained on a No. 325 
(44-micron) sieve, max., per cent 

1.0 

l.O 

.. 

1.0 


Zinc Sulfide ■ Barium Pigment, a 


‘ Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1938 to 1939. 

These specifications comprise a consoiidation and 
revision of the former Standard Specifications for 
Lithopone (D 208 - 26), Zinc Sulfide-Barium Pigment 
(D 385 - 36j, Zinc Sulfide (D 386 - 36), and the 
Tentative Specifications for Zinc Sulfide Magnesium 
Pigment (D *143 - 37 T) which were accordingly discon- 
tinued in 1939 

3 Editorially revised in 19-14. 


and magnesium silicates with or 
without added micaceous silicates. 

Lithopone, a pigment consisting of 
zinc sulfide and barium sulfate in 
approximately molecular ratio. 

Titanated Lithopone, a pigment con- 
sisting of zinc sulfide, titanium diox- 
ide, and barium sulfate. 
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A “tentative revision" of this standard appears in the Tenta- 
tive Revisions of Standards section at the back of this book. 
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Composition and Properties 

2. (a) The pigments shall conform 
to the requirements for composition 
prescribed in Table I. 

(b) In such physical properties as 
are specified by the purchaser, the 
pigment shall satisfactorily match a 
reference sample mutually agreed upon 
by the purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 
unit of production in a shipment. When 
no markings distinguishing between units 
of production appear, samples shall be 


taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance vlith the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test, proce- 
dures not covered by A.S.T.M. methods 
shall be mutually agreed upon by the 
purchaser and the seller. 



Standard Specifications for 
BARIUM SULFATE PIGMENTS' 



A.S.T.M. Designation; D 602-42 
Adopted, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 602 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the ba- 
rium sulfate pigments commercially 
known as barytes and blanc fixe. 

Composition and Properties 

2. (a) The pigment shall consist of 
barium sulfate (BaSOi) without any 
admixture of other materials in the case 
of blanc fixe, and without any admix- 
ture of other materials not naturally oc- 
curring in the barite ore in the case of 
barytes, and which conform to the fol- 
lowing requirements: 

Barytes BlaacFixe 

Barium sulfate, min,, per cent. . , 94.0 97.0 

Ferric oxide, max., per cent O.OS 0.02 

pB ,min 3.S 3.5 

Matter soluble in water, max., 

percent 0.2 0.2 

Moisture and other volatile 

matter, max., per cent O.S O.S 

Coarse particles (total residue re- 
tained on a No. 325 (44-micron) 

sieve), max., per cent 0.5 0.5 

Free silica (quartz, clays, or 
other foreign materials) , max., 
percent... 2.0 2.0 

ifi) In such physical properties as are 
specified by the purchaser, the pigment 


1 Under the standardization procedure of the Society, 
these speeificatipns are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1941 to 1942. 
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shall satisfactorily match a reference 
sample mutually agreed upon by the 
purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at ran- 
rom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American , Society for Testing Ma- 
terials, where applicable. Test proce- 
dures not covered by A.S.T.M. methods 
shall be mutually agreed upon by the 
purchaser and the seller. 



Standard Specifications for 
ALUMINUM SILICATE PIGMENT* 



A.S.T.M. Designation: D 603 - 42 
Adopted, 1942.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 603; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the alu- 
minum silicate pigment commercially 
known as china clay. 

Composition and Properties 

2. (a) The pigment shall be made by 
dry grinding and air floating, or by wet 
grinding a natural aluminum silicate ob- 
tained by underground mining, and shall 
conform to the following requirements: 


Silicon dioxide, per cent 43.0 to 47.0 

Aluminum oxide, per cent 37.0 to 40.0 

Loss on ignition, per cent 10.0 to IS. 0 

Moisture and other volatile matter, max., 


Coarse particles (total residue retained on a 
No. 32S (44-micron) sieve), max., per 
cent... 2.0 


(6) The color shall be equal to that of 
a reference sample mutually agreed upon 
by the purchaser and the seller. 


I Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-i on Paint, Varnish, Lacquer, and 
Related Products. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1941 to 1942. 


Number of Tests 

3. Two samples shall be taken at ran- 
rom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test procedures 
not covered by A.S.T.M. methods shall 
be mutually agreed upon by the pur- 
chaser and the seller. 
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Standard Specifications for 
MATOMACEOUS SILICA PIGMENT' 



A.S.T.M. Designation: D 604 - 42 

Adopted, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 604; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, These specifications cover two types 
of diatomaceous silica pigments for use 
in paints: 

Type A . — Standard fineness for 
general paint use. 

Type B . — Extra fine, for special 
uses. 


Note. — Silica pigments originating from crys- 
talline rocks or sands are not covered by these 
specifications. 


Composition and Properties 


2. (a) The pigment shall be a diatoma- 
ceous silica especially manufactured and 
selected for use in paints by chemical, 
heat, and grading processes, and shall 
conform to the following requirements: 


Loss on ignition, max., per cent 1.0 

MaUer soluble in HCl (1:2), max., per cent. .. 3.0 

Moisture and other volatile matter, max., 

per cent 1.0 

Volume of settling pigment in petroleum spirits 
alter 1 hr., min., ml.: 

Type A 35 

Type B 25 

Coarse particles (total residue retained onaNo. 

325 (44-micron) sieve), per cent; 

Type A 5.0 to 15.0 

TypeB 1.0 max. 


' Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1941 to 1942. 


(b) The color shall be equal to that 
of a reference sample mutually agreed 
upon by the purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at ran- 
dom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 
lb., except that for shipments of less 
than 10,000 lb, two samples shall be 
taken. At the option of the purchaser, 
the samples may be tested separately 
or after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test procedures 
not covered by A.S.T.M. methods shall 
be mutually agreed upon by the pur- 
chaser and the seller. 
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Standard Specifications for 
MAGNESIUM SILICATE PIGMENT' 

# 

A.S.T.M. Designation: D 605-42 
Adopted, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 605; the final number indicates the year of original 


adoption as standard or, in the case 


Scope 

1. These specifications cover the mag- 
nesium silicate pigments available com- 
mercially in both fibrous and granular 
form. 

Composition and Properties 

2. (fl) The pigment shall be made by 
grinding natural magnesium silicate ob- 
tained by underground mining, and 
shall conform to the following require- 
ments: 

Silicon dioxide, per cent 40.0 to 56. 0 

Magnesium oxide, per cent 20.0 to 32.0 

Loss on ignition, per cent 4.0 to 7.0 

Moisture and other volatile matter, max., 

per cent 1.0 

Coarse particles (total residue retained on a 
No. 325 (44-micron) sieve), max., per 
cent 2.0 

(6) The color shall be equal to that of 
a reference sample mutually agreed upon 
by the purchaser and the seller. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

2 Prior to adoption as standard, these specifications 
were puhlished as tentative from 1941 to 1942, being 
revised in 1942. 


if revision, the year of last revision. 

Number of Tests 

3. Two samples shall be taken at ran- 
dom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 
lb., except that for shipments of less 
than 10,000 lb. two samples shall be 
taken. At the option of the purchaser, 
the samples may be tested separately 
or after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test procedures 
not covered by A.S.T.M. methods shall 
be mutually agreed upon by the pur- 
chaser and the seller. 
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Standard Specifications for 
LEAD TITANATE* 



A.S.T.M. Designation: D 606 - 42 

Adopted, 1942.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 606; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ment commercially known as lead titan- 
ate. 

Composition and Properties 

2. (a) The pigment shall consist of 
lead titanate with a minor amount of 
lead sulfate, and shall conform to the 
following requirements: 

Lead titanate (PbTiOj), rain,, per cent 88.0 

Lead sulfate (PbS 04 ), max., per cent. 9.0 

Lead monoxide (PbO), uncombined, max., per 

cent 1.0 

Total titanium calculated as TiOs, min,, per cent. . 23.0 
Titanium dioxide (TiCb), uncombined, max., per cent 3.0 

Matter soluble in water, max., per cent l.S 

Moisture and other volatile matter, max., per cent. 0.5 
Coarse particles (total residue retained on a No. 325 
(44-micron) sieve), max., percent 1.0 

(i) In such physical properties as are 
specified by the purchaser, the pigment 
shall satisfactorily match a reference 
sample mutually agreed upon by the 
purcliaser and the seller. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products, 

* Prior to adoption as standard, these specifications . 
were published as tentative from 1941 to 1942. 


Number of Tests 

3. Two samples shall be taken at ran- 
rom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Ma- 
terials, where applicable. Test proce- 
dures not covered by A.S.T.M. methods 
shall be mutually agreed upon by the 
purchaser and the seller. 
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Standard Specifications for 
MICA PIGMENT' 



A.S.T.M. Designation: D 607 - 42 
Adopted, 1942.^ 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 607; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the finely 
divided mica commercially known as 
pigment mica, suitable for use in the 
manufacture of protective coatings. 

Composition and Properties 

2. (a) The pigment shall be made by 
wet grinding muscovite mica, and shall 
conform to the following requirements: 

Apparent density, max., lb. per cu. it 10.0 

Moisture and other volatile matter, max., per cent. . . O.S 

Grit, max., per cent 0.15 

Coarse particles, max., per cent: 

Total residue retained on a No, 140 (105-micron) 

sieve 0.1 

Total residue retained on a No. 325 (44-micron) 
sieve 7.0 

(d) The color shall be equal to that of 
a reference sample mutually agreed upon 
by the purchaser and the seller. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1941 to 1942. 


Number of Tests 

3. Two samples shall be taken at ran- 
dom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distmguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 
lb., except that for shipments of less 
than 10,000 lb. two samples shall be 
taken. At the option of the purchaser, 
the samples may be tested separately 
or after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of the 
American Society for Testing Materials, 
where applicable. Test procedures not 
covered by A.S.T.M. methods shall be 
mutually agreed upon by the purchaser 
and the seller. 
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Emergency Alternate Provisions EA - D 607 applying to 
this standard appear in the pink section of this book. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K26-1941 


Standard Specifications for 
LAMPBLACK^ 



A.S.T.M. Designation; D 209 - 41 
Adopted, 1926; Revised, 1930, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 209; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ment commercially known as lamp- 
black. The pigment may be purchased 
in the dry form or as a paste in oil or in 
japan. 

Composition and Properties 

2. (a) Dry Pigment— The. pigment 
shall be made by burning oils or tars in 
such a manner as to form a deposit of 
carbon or soot. It shall be high grade 
in every respect and shall be free from 
oil, greasy matter, and admixture of 
any other substance. The pigment 
shall conform to the following require- 
ments: 

Ash, max. , per cent 1.0 

Acetone extract, max., per cent 2.0 

Coarse particles, (total residue retained on 
a No. 325 (44-micron) sieve), max., 

per cent. 1.0 

Tone when diluted with zinc 
oxide clear-blue-gray 

(J) Paste in Oil . — The paste in oil 
shall be made by thoroughly grinding 
the specified pigment with linseed oil. 

1 Under the standardization procedure of the Society, 
these specifications are under the Jurisdiction of the 
A.S.T.M, Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

‘Prior to adoption as standard, these specifications 
were published as tentative from 1925 to 1926, being re- 
vised ui 1926. 


As received it shall not be caked in the 
container and shall break up readily in 
oil to form a smooth paint of brushing 
consistency. It shall mix readily in 
all proportions, without curdling, with 
linseed oil, turpentine, or volatile petro- 
leum spirits, or any mixture of these 
substances. The paste shall conform 
to the following requirements: 


Pigment, min., per cent 25 

Linseed oil, max., per cent 75- 

Moisture and other volatile matter, max., 


Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) sieve), 
max., per cent of the dry pigment 1.0 


(c) Paste in Japan . — The paste in 
japan shall be made by thoroughly 
grinding the specified pigment in high- 
grade grinding japan. As received it 
shall not be caked in the container and 
shall break up readily in turpentine to 
form a smooth paint of brushing con- 
sistency that will dry within 1 hr. to a 
hard, fiat coat. The paste shall con- 
form to the following requirements: 

Pigment, min., per cent 25 

Vehicle (japan), max., per cent 75 

Nonvolatile matter in the vehicle, min., 

per cent of the vehicle 40 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) sieve), 
max. per cent of the dry pigment 1.0 
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S^lcmcATiONS FOR Lampbi-ack (D 209 - 41) 
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(d) The color and tone shall be equal 
to, and the tinting strength not less 
than, that of a reference sample mutu- 
ally agreed upon by the purchaser and 
the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other unit 
of production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 


10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 
4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test procedures 
not covered by A.S.T.M. methods shall 
be mutually agreed upon by the pur- 
chaser and the seller. 
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AMERICAN STANDARD ^ 

BY THE AMERICAN. STANDARDS ASSOCIATION 
ASA NO.: K36-1941 


Standard Specifications for 
BONE BLACK' 



A.S.T.M. Designation; D 210 - 41 

Adopted, 1926; Revised, 1930, 1941.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 210; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ment commercially known as bone black, 
ivory black, or drop black. The pigment 
may be purchased in the dry form or as 
a paste in oil or in japan. 

Composition and Properties 

2. (n) Dry Pigment . — ^The pigment 
shall be made by the calcination of 
bones, shall be unmixed with any other 
substance, and shall conform to the 
following requirements: 

Ash, max., per cent of pigment dried at 

lose 88.0 

Ash insoluble in acids, max., per cent. ... 1.0 

Acetone extract, max., per cent 2,0 

Coarse particles (total residue retained on 
a No. 325 (44-micron) sieve), max., per 

cent 2.0 

Tone when diluted with zinc 
oxide clear-blue-gray 

(&) Paste in Oil , — The paste in oil 
shall be made by thoroughly grinding 
the specified pigment with linseed oil. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of tihe 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

^ Prior to adoption as standard, these specifications 
were published as tentative from 1925 to 1926, being re- 
vised in 1926. 


As received it shall not be caked in the 
container and shall break up readily in 
oil to form a smooth paint of brushing 
consistency. It shall mix readily in 
all proportions, without curdling, with 
linseed oil, turpentine, or volatile pe- 
troleum spirits, or any mixture of these 
substances. The paste shall conform 
to the following requirements: 


Pigment, min., per cent 45 

Linseed oil, max., per cent 55 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) sieve), 
max,, per cent of the dry pigment 2.5 


(c) Paste in Japan . — The paste in 
japan shall be made by thoroughly 
grinding the pigment in high-grade 
grinding japan. As received it shall 
not be caked in the container and shall 
break up readily in turpentine to form a 
smooth paint of brushing consistency 
that will dry within 1 hr. to a hard, flat 
coat. The paste shall conform to the 
following requirements: 

Pigment, min., per cent 45 

Vehicle (japan), max., per cent 55 

Nonvolatile matter in the vehicle, min., 

per cent of the vehicle. 40 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) sieve), 
max., per cent of the dry pigment 2.5 
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SPEcmcATiONS FOR BoNE Black (D 210 - 41) 


id) The color and tone shall be equal 
to, and the tinting strength not less 
than, that of a reference sample mu- 
tually agreed upon by the purchaser 
and the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other unit 
of production in a shipment. When no 
markings distinguishing between units 
of production appear, samples s b a l] be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less t han 


10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Ma- 
terials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall be mutually agreed upon by 
the purchaser and the seller. 


APPROVED AS 
AMERICAN STANDARD ^ 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K48-1941 


Standard Specifications fipr 

BLUE LEAD; BASIC SULFATE' 

A.S.T.M. Designation; D 405 - 41 

Adopted, 1938; Revised, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 405; the final number indicates the year of original 


adoption as standard or, in the case 

cope 

1. These specifications cover the 
pigment commercially known as blue 
lead, basic sulfate, suitable for use in 
paints. The pigment may be purchased 
in the dry form or as a paste in oil. 

Composition and Properties 

2. (a) Dry Pigment . — The dry pig- 
ment shall consist of basic lead sulfate 
and certain other ingredients, which 
upon analysis shall conform to the follow- 
ing requirements; 


Lead sulfate, min., per cent 45.0 

Lead oxide, min., per cent 30.0 

Lead sulfide, max., per cent 12.0 

Lead sulfite, max., per cent 5.0 

Zinc oxide, max., per cent 5.0 

Carbon and undetermined matter, max., 

per cent 5.0 

Coarse particles (total residue retained 
on a No. 325 (44-micron) sieve), max., 
per cent 1.0 


(6) Paste in Oil . — The paste shall 
be made by thoroughly grinding the 


* Under the standardization procedure of the Society, 
these specifications arc under the jurisdiction of the 
A.S.T.M . Committee D-t on Paint, Varnish, Lacquer, and 
Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1935 to 1938, being re- 
vised in 1938. 


of revision, the year of last revision. 

pigment with linseed oil. The paste as 
received shall not be caked in the con- 
tainer and shall break up readily in oil 
to form a smooth paint of brushing con- 
sistency. It shall mix readily in all 
proportions, without curdling, with lin- 
seed oil, turpentine, or volatile petroleum 
spirits or any mixture of these substances. 
The paste shall conform to the follow- 
ing requirements: 

Pigment, min., per cent 89.0 

Linseed oil, max., per cent 11.0 

Moisture and other volatile matter, max., 

per cent. ._ 0.7 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) 
sieve), max., per cent of the dry pigment 1.5 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 
unit of production in a shipment. When 
no markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
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Specieications por Blue Lead (D 405 - 41 ) 


samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 
4. Tests shall be conducted in accord- 


ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test procedures 
not covered by A.S.T.M. methods shall 
be mutually agreed upon by the pur- 
chaser and the seller. 


Standard Specifications for 

CARBON BLACKi 



A.S.T.M. Designation: D 561 - 41 
Adopted, 1941.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 561; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ment commercially known as carbon 
black, suitable for use in the manu- 
facture of protective or decorative coat- 
ings. 

Composition and Properties 

2, {a) The pigment shall be made by 
burning natural gas in such a manner as 
to form a deposit of carbon, but without 
any admixtures, and shall conform to 
the following requirements: 


Ash, max., per cent 0.2 

Acetone extract, max., per cent 0.5 

True grit (total residue retained on a 
No. 325 (44-micron) sieve), max., per 

cent 0.2 

Moisture and other volatile matter, max.. 


“ It may be necessary for the purchaser and the seller 
to agree upon a higher maximum moisture content in high- 
color blacks. 

(&) The color shall be equal to, and 
the tinting strength (Note) not less than, 
that of a reference sample mutually 
agreed upon by tlie purchaser and the 
seller. 

> Under the standardization procedure of the Society, 
these speciiications arc under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

’ Prior to adoption aa standard, these specifications 
were puhlislied as tentative from 1940 to 1941, being revised 
in 1941. 


Note. — For the tinting strength test a ratio 
of 100 parts of white to 1 part of black is 
usually suitable. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 
unit of production in a shipment. When 
no markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Note.— -High-color blacks are very hygro- 
scopic and should be protected against atmos- 
pheric moisture during storage. 

Methods of Testing 

4. Tests shall be conducted in ac- 
cordance with the appropriate methods 
of the American Society for Testing Ma- 
terials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall he mutually agreed upon by 
the purchaser and the seller. 
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Standard Speciji cations Jor 
OCHERi 



A.S.T.M. Designation: D 85 - 41 
Adopted, 1924; Revised, 1927, 1940, 1941.2 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 85; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover ferrous 
earthy pigments included under the 
general term “ocher”. The pigment 
may be purchased in the dry form or as 
a paste in oil or in japan. 

Composition and Properties 

2. (a) Dry Pigment . — The pigment 
shall be a hydrated oxide of iron perme- 
ating a siliceous base, and shall be free 
from added impurities and added color- 
ing matter. The pigment shall conform 
to the following requirements: 


Ferric oxide, min,, per cent 17 

Calcium oxide, max., per cent S 

Lead chromate none 

Organic coloring matter none 

Moisture and other volatile matter, max.. 


Coarse particles (total residue retained 
on a No. 325 (44-micron) sieve), max., 


{h) Paste in Oil . — The paste in oil 
shall be made by thoroughly grinding 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1921 to 1924, being re- 
vised in 1924. 


the specified pigment with linseed oil- 
As received it shall not be caked in the 
container and shall break up readily in 
oil to form a smooth paint of brushing 
consistency. It shall mix readily in 
all proportions, without curdling, with 
linseed oil, turpentine, or volatile petro- 
leum spirits, or any mixture of these 
substances. The paste shall conform 
to the following requirements: 


Pigment, per cent 69 to 73 

Linseed oU, per cent 27 to 31 

Moisture and other volatile matter, 

max., per cent 0.7 

Coarse particles and skins (total resi- 
due retained on a No. 325 (44- 
micron) sieve), max., per cent of 
the dry pigment 1.5 


(c) Paste in Japan . — The paste in 
japan shall be made by thoroughly 
grinding the specified pigment in high- 
grade grinding japan. As received it 
shall not be caked in the container and 
shall break up readily in turpentine to 
form a smooth paint of brushing con- 
sistency that will dry within 1 hr. to a 
hard, flat coat that can be varnished 
within S hr. of the time of application 
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without streaking or bleeding. The 
paste shall conform to the following 
requirements: 

Pigment, per cent 69 to 73 

Vehicle (japan), per cent 27 to 31 

Nonvolatile matter in vehicle, min., 

per cent of the vehicle 40 

Coarse particles and skins (total resi- 
due retained on a No. 325 (44- 
micron) sieve), max., per cent of 
the dry pigment 1.5 

(d) The mass color and character 
of the tint formed by mixture with a 
white pigment shall be the same as, 
and the strength not less than, that of a 
reference sample mutually agreed upon 
by the purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 


unit of production in a shipment. When 
no markings distinguishing between 
units of production appear, samples shall 
be taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the sam- 
ples may be tested separately or after 
blending in equal quantities the samples 
from the same production unit to form 
a composite sample. 

Methods of Testing 
4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test procedures 
not covered by A.S.T.M, methods shall 
be mutually agreed upon by the pur- 
chaser and the seller. 



APPROVED AS 

«« AMERICAN STANDARD 

BV THE AMERICAN STANDARDS ASSOCIAHOU 
ASA NO.; K.29-1941 


AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: M 131-42 


Standard Specifications for 
PRUSSIAN BLUE* 



A.S.T.M. Designation: D 261-41 

Adopted, 1928; Revised, 1939, 1940, 1941.* 

This Slandard of the American Society for Testing Materials is issued under 
the fi.^ed designation D 261; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ment commercially known as Prussian 
blue, Chinese blue, or iron blue. The 
pigment may be purchased in the dry 
form or as a paste in oil or in japan. 

Composition and Properties 

2. (fl) Dry Pigment . — The pigment shall 
be the blue product formed by the reac- 
tion of solutions of iron salts with ferro- 
cyanide or ferricyanide solution. It 
shall not be admixed with any other 
substance. The pigment shall conform 
to the following requirements: 

Total matter soluble in water, max., per 

cent 0.5 

Moisture and other volatile matter, max., 
percent 7.0 

{h) Paste in Oil . — The paste in oil 
shall be made by thoroughly grinding the 
specified pigment with linseed oil. The 
paste as received shall not be caked in 
the container and shall break up readily 
in oil to form a smooth paint of brush- 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

» Prior to adoption as standard, these specifications 
were published as tentative from 1927 to 1928, being re- 
vised in 1928. 


ing consistency. It shall mix readily 
in all proportions, without curdling, with 
linseed oil, turpentine, or volatile pe- 
troleum spirits, or any mixture of these 
substances. The paste shall conform 
to the following requirements: 


Pigment, min., per cent 48.0 

Linseed oil, max., per cent 52.0 

Moisture and other volatile matter, max., 

percent 3.5 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) sieve), 
max., per cent of the dry pigment 1.5 


(c) Paste in Japan . — The paste in 
japan shall be made by thoroughly 
grinding the specified pigment in high- 
grade grinding japan. As received it 
shall not be caked in the container and 
shall break up readily in turpentine to 
form a smooth paint of brushing con- 
sistency that will dry within 1 hr. to a 
hard flat coat that can be varnished 
within 5 hr. of the time of application 
without streaking or bleeding. The 
paste shall conform to the following 
requirements: 

Pigment, min., per cent 48.0 

Vehicle (japan), max., per cent 52.0 

Nonvolatile matter in the vehicle, min., 

per cent of the vehicle 40.0 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) sieve), 
max., per cent of the dry pigment 1.5 
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Specifications foe Petjssian Blue (D 261 - 41) 


(d) The mass color and character 
of the tint formed by mixture with a 
white pigment shall be the same as, 
and the strength not less than, that of a 
reference sample mutually agreed upon 
by the purchaser and the seller. 

Note.— T he physical properties and tests of 
Prussian blue, particularly the tinting strength, 
are considered a better measure of value than 
the percentages of chemical constituents. 

Htmiher of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other unit 
of production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 


taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 
4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Ma- 
terials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall be mutually agreed upon by 
the purchaser and the seller. 



Standard Specifications for 
ULTRAMARINE BLUEi 



A.S.T.M. Designation: D 262 - 41 

Adopted, 1941,® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 262; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ments commercially known as ultra- 
marine blue, suitable for use in paints, 
enamels, lacquers, and similar products. 
The pigment may be purchased in the 
dry form or as a paste in oil or in japan. 

Composition and Properties 

2. (a) Dry Pigment . — The pigments 
shall be manufactured ultramarine blue 
obtained by the furnacing of mixtures 
of clays and silicas with sodium salts, 
sulfur, and carbonaceous material, and 
having a chemical composition® which 
will generally fall within the following 
range, expressing the elements except 
sulfur as their oxides: 


Sodium oxide, per cent 18 to 23 

Aluminum oxide, per cent 20 to 32 

Silicon dioxide, per cent 35 to 50 

Sulfur, per cent 8 to 14 


1 Under tire standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A,S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

s Prior to their present adoption as standard, these 
specifications were published as tentative from 1927 to 
1928, being revised in 1928. They were adopted in 1928, 
published as standard from 1928 to 1940, but withdrawn 
and republished as tentative from 1940 to 1941, being re- 
vised in 1941. 


The pigment shall conform to the 
following requirements (Note): 

Moisture and other volatile matter, max., 

per cent 4,0 

Coarse particles (total residue retained on 
a No. 325 (44-micron) sieve), max., per 
cent 1.0 

{h) Paste in Oil . — The paste in oil 
shall be made by thoroughly grinding 
the specified pigment with linseed oil. 
As received it shall not be caked in the 
container and shall break up readily in 
nil to form a smooth paint of brushing 
consistency. It shall mix readily in all 
proportions, without curdling, with lin- 
seed oil, turpentine, or volatile petroleum 
spirits, or any mixture of these sub- 
stances. The paste shall conform to the 
following requirements (Note): 


* The current view is that the ultramarine blues all 
possess substantially the same type of molecular lattice 
or framework of definite configuration, builtupof alternat- 
ing atoms of oxygen and silicon or aluminum. The ratio 
of silicon to aluminum atoms in the lattice is variable, 
and to a considerable degree silicon may replace aluminum. 
Within the lattice are located atoms of sodium and sulfur 
whose number per lattice unit is also variable. The 
variations possible, as noted above, permit the existence of 
many separate members of the ultramarine blue group. 
All are characterized, however, by giving substantially 
identical patterns when examined by the use of x-rays. 
This pattern is described in full in Zeitschrift fur Anorgan- 
ische und Allgemeine Chemie, Vol. 228 (1936) , p, 305, and 
is characteristic of the ultramarine blues as a group. 
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SPEcmcATiONS FOR Uliramarine Blue (D 262-41) 


Pigment, min., per cent 70.0 

Linseed oil, max., per cent 30.0 

Moisture and other volatile matter, max., 

percent.. 3,0 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) sieve), 
max., per cent of the dry pigment 1.5 


(c) Paste in Japan . — The paste in 
japan shall be made by thoroughly 
grinding the specified pigment in high- 
grade grinding japan. As received it 
shall not be caked in the container and 
shall break up readily in turpentine to 
form a smooth paint of brushing con- 
sistency, that will dry within 1 hr. to a 
hard fiat coat that can be varnished 
within 5 hr. of the time of application 
without streaking or bleeding. The 
paste shall conform to the following 
requirements (Note): 


Pigment, min., per cent 70.0 

Vehicle (japan), max., per cent 30.0 

Nonvolatile matter in the vehicle, min., 
per cent of the vehicle 40.0 


Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) 
sieve), max. , per cent of the dry pigment 1 . 5 

(d) The mass color and character of 
the tint formed by mi.^ture with a white 
pigment shall be the same as, and the 
strength not less than, that of a reference 
sample mutually agreed upon by the 
purchaser and the seller. 


Note. — The chemical composition has not 
been found to be a dependable measure of value 
in determining the properties of ultramarine 
blues. The physical properties and tests such 
as shade and tinting strength are the best 
measure of value. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other unit 
of production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test procedures 
not covered by A.S.T.M. methods shall 
be mutually agreed upon by the pur- 
chaser and the seller. 




AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: M 130-42 


Standard Specijications for 
PURE CHROME GREEN' 

# 

A.S.T.M. Designation; D 212 - 41 

Adopted, 1927; Revised, 1940, 1941,* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 212; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ment commercially known as pure 
chrome green. The pigment may be 
purchased in the dry form or as a paste 
in oil or in japan. 

Composition and Properties 

2. (a) Dry Pigment . — The pigment 
shall be a precipitated mixture of lead 
chromate and iron ferrocyanide and 
ferricyanide blue, with or without other 
insoluble compounds of lead and shall 
conform to the following requirements: 

Of the total lead" in the pigment, per- 


centage present as chromate, (PbCrOd,® 

min 70 

Moisture and other volatile matter, max., 

percent 4.0 

Total other impurities, max., per cent 3.0 

Coarse particles (total residue retained on 
a No. 325 (44-micron) sieve), max., 
percent 1.0 


“Calculated as metallic lead. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1925 to 1927, being re- 
vised m 1926 and 1927. 


(J) Paste in Oil . — The paste in oil 
shall be made by thoroughly grinding 
the specified pigment with linseed oil. 
The paste as received shall not be caked 
in the container and shall break up 
readily in oil to form a smooth paint of 
brushing consistency. It shall mix 
readily in aU proportions, without 
curdling, with linseed oil, turpentine, or 
volatile petroleum spirits, or any mix- 
ture of these substances. The paste 
shall conform to the following require- 
ments: 


Pigment, min., per cent 70 

Linseed oil, max., per cent 30 

Moisture and other volatile matter, max.. 


retained on a No. 325 (44-microii) sieve), 
max., per cent of the dry pigment 1.5 


(c) Paste in Japan . — The paste in 
japan shall be made by thoroughly 
grinding the specified pigment with 
high-grade grin^ng japan. The paste 
as received shall not be caked in the 
container and shall break up readily in 
turpentine to form a smooth paint of 
brushing consistency that will dry within 
1 hr. to a hard, flat coat that can be 
varnished within 5 hr. of the time of 
application without streaking or bleed- 
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Specifications for Pure Chrome Green (D 212 - 41) 


ing. The paste shall conform to the 
following requirements; 


Pigment, min,, per cent 65 

, Vehicle (japan), max., per cent 35 

Nonvolatile matter in vehicle, min., per 

cent of the vehicle 40 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) sieve), 
max., per cent of the dry pigment 1.5 


(d) The mass color and character of 
the tint formed by mixture with a white 
pigment shall be the same as, and the 
strength not less than, that of a reference 
sample mutually agreed upon by the 
purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other unit 


of production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shah, be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 
4. Tests shall be conducted in accord- 
ance with the appropriate methods of the 
American Society for Testing Materials, 
where applicable. Test procedures not 
covered by A.S.T.M. methods shall be 
mutually agreed upon by the purchaser 
and the seller. 



APPROVED AS 
AMERICAW STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K28-1941 


Standard Specifications for 
REDUCED CHROME GREEN' 



A.S.T.M. Designation; D 213 - 41 
Adopted, 1927; Revised, 1941. ^ 

This Standard of the American Society for Testing Materials is issued tin de r 
the fixed designation D 213; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ment commercially known as reduced 
chrome green, also known as grinders 
green. The pigment may be purchased 
in the dry form or as a paste in oil or in 
japan. 

Composition and Properties 

2. (a) Dry Pigment . — The pigment 
shall be a mixture of lead chromate and 
iron ferrocyanide and ferricyanide blue, 
with or without other insoluble com- 
pounds of lead, precipitated on a base of 
barium sulfate or insoluble siliceous 
material or any mixture thereof. The 
pigment shall conform to the following 
requirements; 


Sum of the barium sulfate and insoluble 

siliceous material, max., per cent 80 

Color (total of insoluble lead compounds 

and iron blue), min., per cent 20 

Of the total Iead“ in the pigment, per- 
centage present as chromate (PbCrOd,® 

min 70 

Total calcium oxide in any form soluble 

in acid, max., per cent 1.0 

Moisture and other volatile matter, max.. 


Coarse particles (total residue retained on 
a No. 325 (44-micron) sieve), max., 


" Calculated as metallic lead. 


{!}) Paste in Oil . — The paste in oil 
shall be made by thoroughly grinding 
the specified pigment with linseed oil. 
The paste as received shall not be caked 
in the container and shall break up 
readily in oil to form a smooth paint of 
brushing consistency. It shall mix 
readily in all proportions,, without 
curdling, with linseed oil, turpentine, or 
volatile petroleum spirits, or any mix- 
ture of these substances. The paste 
shall conform to the following require- 
ments: 


Pigment, min., per cent 80 

Linseed oil, max., per cent 20 

Moisture and other volatile matter, max., 


retained on a No. 325 (44-miGron) sieve), 
max., per cent of the dry pigment 2.0 


(c) Paste in Japan . — The paste in 
japan shall be made by thoroughly 
grinding the specified pigment in high- 
grade grinding japan. The paste as 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1925 to 1927, being 
revised in 1926 and 1927 . 
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received shall not be caked in the con- 
tainer and shall break up readily in 
turpentine to form a smooth paint of 
brushing consistency that will dry with- 
in 1 hr. to a hard flat coat that can be 
varnished within 5 hr. of the time of 
application without streaking or bleed- 
ing. The paste shall conform to the 
following requirements: 


Pigment, min., per cent 75 

Vehicle (japan), max., per cent 25 

Nonvolatile matter in vehicle, min , per 
cent of the vehicle 40 


Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) 
sieve), max., per cent of the dry pigment. 2.0 

(d) The mass color and character of 
the tint formed by mixture with a white 
pigment shall be the same as, and the 
strength not less than, that of a reference 
sample mutually agreed upon by the 
purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at 


random from different packages from 
each lot, batch, day’s pack, or other 
unit of production in a shipment. When 
no markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Ma- 
terials, where applicable. Test pro- 
cedures not covered by A.S.T.M. 
methods shall be mutually agreed upon 
by the purchaser and the seller. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K37-1941 


Standard Specifications for 
CHROME OXIDE GREEN^ 



A.S.T.M. Designation: D 263 - 41 
Adopted, 1928; Revised, 1940, 1941.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 263; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ment commercially known as chrome 
oxide green. The pigment may be 
purchased in the dry form or as a paste 
in oil. 

Composition and Properties 

2. (a) Dry Pigment . — The pigment 
shall consist of practically pure chromic 
oxide (CraOg) without any admixture, 
and shall conform to the following 
requirements: 

Total chromium (calculated as Cr*Os), 

min. , per cent 97.0 

Moisture and other volatile matter, max., 

percent 0.5 

Coarse particles (total residue retained on 
a No. 325 (^micron) sieve), max., 
percent 2.0 

{h) Paste in Of/.— -The paste shall 
be made by thoroughly grinding the 
specified pigment with linseed oil. As 
received it shall not be caked in the 
container and shall break up readily in 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1927 to 1928, being re- 
vised m 1928. 


oil to form a smooth paint of brushing 
consistency. It shall mix readily in 
all proportions, without curdling, with 
linseed oil, turpentine, or volatile pe- 
troleum spirits, or any mixture of these 
substances. The paste shall conform 
to the following requirements: 


Pigment, min., per cent 75 

Linseed oil, max., per cent 25 

Moisture and other volatile matter, max., 


retained on a No. 325 (44-micron) sieve), 
max., per cent of the dry pigment 2.5 


(c) The mass color and character 
of the tint formed by mixture .with a 
white pigment shall be the same 
as, and the strength not less than, 
that of a reference sample mutually 
agreed upon by the purchaser and the 
seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other unit 
of production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
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ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may he tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 


Methods of Testing 
4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Ma- 
terials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall be mutually agreed upon by 
the purchaser and the seller. 



APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K27.1-1943 


Standard Specijications for 

CHROME YELLOW AND CHROME ORANGE^ 



A.S.T.M. Designation: D 211-43 

Adopted, 1943.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 211; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover five types 
of commercially pure lead chromate 
pigments, as follows; 

Type I . — Primrose chrome yellow. 

Type 11 . — ^Lemon chrome yellow. 

Type in. — Medium chrome yellow. 

Type IV . — ^Light chrome orange. 

Type V . — Dark chrome orange. 

The pigment may be purchased in the 
dry form or as a paste in oil or in japan. 

Composition and Properties 

2. (a) Dry Pigments . — The pigments 
shall be chemical precipitates consisting 
of normal or basic lead chromates or 
mixtures of these with or without admix- 
tures of other insoluble compounds of 
lead, but without other admixtures 
except those of reagent materials intro- 
duced specifically to improve those 
properties for which the pigment is 
used. The pigments shall be free of 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.TAl; Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products, 

2 Prior to their present adoption as standard, these 
specifications were published as tentative from 1925 to 
1927, being revised in 1926 and 1927. They were adopted 
in 1927, published as standard from 1927 to_ 1942, being 
revised in 1940 and 1941 ; but withdrawn, revised, and re- 
published as tentative from 1942 to 1943. 


extenders (barium sulfate, clay, mag- 
nesium silicate, whiting, etc.) and shall 
conform to the requu'ements for com- 
position prescribed in Table I. 


TABLE I.-REQUIREMENTS FOR COMPOSITION. 



I^pe 




V 

Lead chromate (PbCtOr), 
min., per cent 

50.0 

68.0 

93.0 

60.0 

55. 0 

Total matter soluble in wa- 
ter, max., per cent 

1.0 

1.0 

1.0 

1.0 

1.0 

than insoluble compounds 
of lead, max., per cent 

8.0 

8.0 

7.0 

3.0 

3.0 

Moisture and other volatile 

matter, max., per cent 

Coarse particles (total res- 
idue retained on a No. 325 
(44-micron) sieve), max., 
per cent 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Organic colors and lakes 

none 

none 

none 

none 

none 


(6) Paste in Oil . — The paste in oil 
shall be made by thoroughly grinding 
the specified pigment with linseed oil. 
As received it shall not be caked in 
the container and shall break up readily 
in oil to form a smooth paint of brushing 
consistency. It shall mix readily in all 
proportions, without curdling, with lin- 
seed oil, turpentine, or volatile petroleum 
spirits, or any mixture of these sub- 
855 
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stances. The paste shall conform to 
the following requirements: 

Pigment, min., per cent 75.0 

Linseed oil, max., per cent 25.0 

Moisture and other volatile matter, max., 

percent 1.0 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) 
sieve), max., per cent of the dry pig- 
ment 1.5 

(c) Paste in Japan . — The paste in 
japan shall be made by thoroughly 
grinding the specified pigment with 
high-grade grinding japan. As received 
it shall not be caked in the container 
and shall break up readily in turpentine 
to form a smooth paint of brushing 
consistency that will dry within 1 hr. 
to a hard, flat coat that can be varnished 
within 5 hr. of the time of application 
without streaking or bleeding. The 
paste shall conform to the following 
requirements; 

Pigment, miti., per cent 70.0 

Vehicle (japan) , max., per cent 30.0 

Nonvolatile matter in the vehicle, min., 

per cent of the vehicle 40.0 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) 
sieve), max., per cent of the dry pig- 
ment 1.5 

(d) The mass color and character of 
the tint formed by mixture with a white 


pigment shall be the same as, and the 
strength not less than, that of a reference 
sample mutually agreed upon by the 
purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 
unit of production in a shipment. 
When no markings distinguishing be- 
tween units of production appear, sam- 
ples shall be taken from different 
packages in the ratio of two samples 
for each 10,000 lb., except that for 
shipments of less than 10,000 lb. two 
samples shall be taken. At the option 
of the purchaser, the samples may be 
tested separately or after blending in 
equal quantities the samples from the 
same production unit to form a com- 
posite sample. 

Methods of Testing 

4. Tests shall be conducted in ac- 
cordance with the appropriate methods 
of the American Society for Testing 
Materials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall be mutually agreed upon by 
the purchaser and the seller. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: E:50-1941 


Standard Specifications for 
C.P. ZINC YELLOW (ZINC CHROMATE)' 



A.S.T.M. Designation; D 478 - 41 

Adopted, 1939; Revised, 1940, 1941.* 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 478; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the pig- 
ment commercially known as chem- 
ically pure zinc yellow or zinc chromate. 
The pigment may be purchased in the 
dry form or as a paste in oil. 

Composition and Properties 

2. (a) Dry Pigment . — The pigment 
shall consist of a complex salt of zinc 
and potassium chromates. It shall be 
free from any lead compound, any 
organic coloring matter, or any sub- 
strate of any kind, and shall be com- 
pletely soluble in acetic acid (10 per 
cent) at a temperature of 80 C. The 
pigment shall conform to the following 
requirements: 


Zinc oxide, max., per cent 40.0 

Chromic anhydride, CrOs, min., 

percent 41.0 

Alkaline salts, calculated as K 2 O, 

per cent. 9.0 to 13.0 

Combined water, max., per cent. . . 8.0 

Moisture and other volatile matter, 

max., per cent 1.0 

Coarse particles (total residue re- 
tained on a No. 325 (44-micron) 
sieve), max., per cent 1.0 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1938 to 1939. 


(5) Paste in Oil . — The paste shall 
be a dispersion of the specified pigment 
in linseed oil. As received it shall not 
be caked in the container and shall 
break up readily in oil to form a smooth 
paint of brushing consistency. It shall 
mix readily in' all proportions, without 
curdling, with linseed oil, turpentine, 
or volatile petroleum spirits, or any 
mixture of these substances. The paste 
shall conform to the following require- 
ments: 


Pigment, min., per cent 74.0 

Linseed oil, max., per cent 26.0 

Moisture and other volatile matter, max.. 


Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) sieve), 
max., per cent of the dry pigment 1.5 


(c) The mass color and character of 
the tint formed by mixture with a white 
pigment the same as, and the strength 
not less than, that of a reference sample 
mutually agreed upon by the purchaser 
and the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 
857 
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unit of production in a shipment. When 
no markings distinguishing between units 
of production appear, samples shall be 
taken from different packages m the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 


samples from the same production unit 
to form a composite sample. 

Methods of Testing 
4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test proce- 
dures not covered by A.S.T.M. methods 
shall be mutually agreed upon by the 
purchaser and the seller. 


APPROVED AS 
AMERICAN STAWDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.; K24-1941 


S tandard Specijications J'or 
RED LEAD^ 



A.S.T.M. Designation: D 83 - 41 

Adopted, 1924; Revised, 1931, 1939, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 83; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover three 
grades of red pigment commercially 
known as red lead. The pigment may 
be purchased in the dry form or as a 
paste in oil. 

Composition and Properties 

2. (a) Dry Pigment . — The pigment 
shall be made by roasting litharge or 
metallic lead, or compounds of lead 
that yield litharge by heating, and 
shall consist entirely of oxides of lead, 
free from adulterants. The three grades 
of pigment shall conform to the following 
requirements: 

True red lead (PbsOd, min., per cent: 


85 per cent grade 85.0 

95 per cent grade 95.0 

97 per cent grade 97.0 


Total impurities including moisture, 
water soluble matter, and matter 
insoluble in a mixture of nitric acid 
and hydrogen peroxide, max., per 

cent 1.0 

Lead monoxide, PbO remainder 

Coarse particles (total residue re- 
tained on a No. 325 (44-micron) 
sieve), max., per cent .... 1.0 

When mixed as indicated in the fol- 
lowing table, the resulting paint, brushed 


on a smooth vertical iron surface, shall 
dry hard and elastic without running, 
streaking, or sagging: 


Dry red lead 20 lb. 

Raw linseed oil 5 pt. 

Turpentine 2 gills 

Liquid drier 2 gills 


{h) Paste in Oil . — The paste shall 
be made by thoroughly grinding the 
specified pigment with linseed oil (Note). 
The paste as shipped by the seller, and 
for three months thereafter, shall not 
be caked in the container, and shall 
break up readily in oil to form a smooth 
pa nt of brushing consistency. The 
paste shall conform to the following 
requirements: 


Pigment, per cent 92.0 to 94.0 

Linseed oil, per cent 6 . 0 to 8.0 

Moisture and other volatile mat- 
ter, max., per cent 0.5 

Coarse particles and skins (total 
residue retained on a No. 325 
(44-micron) sieve), max., per 
cent of the dry pigment 1.5 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1921 to 1924, being re- 
vised m 1924. 
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When mixed as indicated in the fol- 
lowing table, the resulting paint, brushed 
on a smooth, vertical iron surface, shall 
dry hard and elastic without running, 
streaking, or sagging: 


Red lead paste 20 lb. 

Raw linseed oil 3 pt. 

Turpentine 2 gills 

Liquid drier 2 gills 


Note, — Purchasers are cautioned that 85 per 
cent grade red lead should not be bought in 
paste form. The 95 per cent grade, if made into 
paste, should be used within a short period of 
time after grinding. When pure red lead paste 
is to be stored for a considerable period of time, 
the 97 per cent grade of red lead should be 
specified. The storage of paste red lead in 
places of high temperature should be avoided, 
as heat accelerates the tendency of this material 
to cake or harden. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 


each lot, batch, day’s pack, or other 
unit of production in a shipment. When 
no markings distinguishing between 
units of production appear, samples shall 
be taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the sam- 
ples may be tested separately or after 
blending in equal quantities the samples 
from the same production unit to form 
a composite sample. 

Methods of Testing 
4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test proce- 
dures not covered by A.S.T.M. methods 
shall be mutually agreed upon by the 
purchaser and the seller. 



APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K31-1941 


Standard Specifications for 
REDUCED PARA RED^ 



A.S.T.M. Designation: D 264 -41 

Adopted, 1928; Revised, 1939, 1940, 1941.2 

This Standard of the American Society lor Testing Materials is issued under 
the fixed designation D 264; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, These specifications cover the red 
pigment commercially known as reduced 
para red. The pigment may be pur- 
chased in the dry form or as a paste in 
oil or in japan. 

Composition and Properties 

2. {a) Dry Pigment . — The pigment 
shall consist of a mixture of para-nitranil- 
ine toner and substrate, made either by 
precipitating the toner on the substrate 
or by mixing slurries. Unless other- 
wise specified by the purchaser, the 
substrate shall be calcium carbonate. 
The pigment shall conform to the fol- 
lowing requirements: 

Pure organic coloring matter (para Ted), 

min., per cent. 15.0 

Calcium carbonate, max., per cent 85.0 

Moisture and other volatile matter, max., 

percent 1.0 

Coarse particles (total residue retained on 
a No. 325 (44-micron) sieve), max., per 
cent 1.5 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1927 to 1928, being re- 
vised in 1928. 


(6) Paste in Oil . — The paste in oil 
shall be a dispersion of the specified 
pigment in linseed oil. As received it 
shall not be caked in the container and 
shall break up readily in oil to form a 
smooth paint of brushing consistency. 
It shall mix readily in all proportions, 
without curdling, with linseed oil, tur- 
pentine, or volatile petroleum spirits, 
or any mixture of these substances. 
The paste sha,ll conform to the follow- 
ing requirements: 


Pigment, min., per cent 74.0 

Linseed oil, max., per cent 26.0 

Moisture and other volatile matter, max.. 


retained on a No. 325 (44-micron) sieve), 
max., per cent of the dry pigment 2.0 


{c) Paste in Japan . — The paste in 
japan shall be a dispersion of the 
specified pigment in high-grade grinding 
japan. As received it shall not be 
caked in the container and shall break 
up readily in turpentine to form a 
smooth paint of brushing consistency 
that will dry within 1 hr. to a hard flat 
coat that can be varnished within 5 hr. 
after the time of application. The paste 
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shall conform to the following require- 
ments: 

Pigment, min., per cent 74.0 

Vehicle (japan), max., per cent 26.0 

Nonvolatile matter in the vehicle, min., 

per cent of the vehicle 40.0 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) sieve), 
max., per cent of the dry pigment 2.0 

(d) The mass color and character of 
the tint formed by mixture with a white 
pigment shall be the same as, and the 
strength not less than, that of a refer- 
ence sample mutually agreed upon by 
the purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other unit 
of production in a shipment. When no 


markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in ac- 
cordance with the appropriate methods 
of the American Society for Testing 
Materials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall be mutually agreed upon by 
the purchaser and the seller. 



APPROVED AS 
AMERICAN STANDARD 

BTi THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.; K49-1941 


Standard Specifications for 
C,P. PARA RED TONERi 



A.S.T.M. Designation; D 475 - 41 
Adopted, 1939; Revised, 1940, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 475; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the red 
pigment commercially known as “chem- 
ically pure” para red toner. The pig- 
ment may be purchased in the dry form 
or as a paste in oil. 

Composition and Properties 

2. {a) Dry Pigment . — The pigment 
shall consist of pure para-nitraniline 
red toner free from any substrate, and 
shall conform to the following require- 
ments: 


shall break up readily in oil to form a 
smooth paint of brushing consistency. 
It shall mix readily in all proportions, 
without curdling, with linseed oil, tur- 
pentine, or volatile petroleum spirits, 
or any mixture of these substances. 
The paste shall conform to the following 
requirements: 


Pigment, min., per cent 40.0 

Linseed oil, max., per cent 60.0 

Moisture and other volatile matter, max., 


Coarse particles and skins (total residue 
retained on a No, 325 (44-micron) sieve), 
max., per cent of the dry pigment 2.0 


Pure organic coloring matter, min., per 

cent 97.0 

Ash, max., per cent 3.0 

Moisture and other volatile matter, max.. 


Coarse particles (total residue retained on 
a No. 325 (^micron) sieve), max., 
percent 1.5 


(c) The mass color and character of 
the tint formed by mixture with a 
white pigment shall be the same as, and 
the strength not less than, that of a 
reference sample mutually agreed upon 
by the purchaser and the seller. 


(5) Paste in Oil . — The paste in oil 
shall be a dispersion of the specified 
pigment in linseed oil. As received it 
shall not be caked in the container and 


‘ Under_ the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1938 to 1939. 


Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 
unit of production in a shipment. When 
no markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 


863 


864 


Specifications for C.P. Para Red Toner (D 475 - 41) 


ratio of two samples for each, 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 


Methods of Testing 
4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test proce- 
dures not covered by A.S.T.M. methods 
shall be mutually agreed upon by the 
purchaser and the seller. 


Standard Specifications for 
C.P. TOLUIDINE TONER* 



A.S.T.M. Designation: D 656-43 
Adofted, 1943,* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 656; the final number indicates the year of original 
adoption as standard or, in the case of revision, the j^ear of last revision. 


Scope 

1. These specifications cover the red 
pigment commercially known as chemi- 
cally pure toluidiiie toner. The pigment 
may be purchased in the dry form or 
as a paste in oil. 

Composition and Properties 

2. (o) Dry Pigment. — ^The pigment 
shall consist of pure toluidine red toner 
(metanitro-paratoluidine-azo-betanaph- 
thol, with or without a small admixture 
of a suitable homologue) free of any 
substrate, and shall conform to the 
following requirements; 

Pure organic coloring matter, min., per 

cent 98.0 

Ash, max., per cent 1.0 

Moisture and other volatile matter, 

max., per cent 1.0 

Coarse particles (total residue retamed 
onaNo,325 (44-micron) sieve), max., 

percent 1.0 

Paranitraniline red none 

Solubility in cliloroform complete 

(5) Paste in Oil. — ’The paste in oil 
shall be a dispersion of the specified 

t Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1942 to 1943. 


pigment in linseed oil. As received it 
shall not be caked in the container aiid 
shall break up readily in oil to form a 
smooth paint of brushing consistency. 
It shall mix readily in all proportions, 
without curdling, with linseed oil, tur- 
pentine, or volatile petroleum spirits, 
or any mixture of these substances. 
The paste shall conform to the following 
requirements: 

Pigment, min., per cent 40.0 

Linseed oil, max., per cent 60.0 

Moisture and other volatile matter, max., 

percent 0.7 

Coarse particles and skins (total residue 
retained on a No. 325 (44-micron) sieve), 
max., per cent of the dry pigment 1.5 

(c) The mass color and character of 
the tint formed by mixture with a 
white pigment shall be the same as, 
and the tinting strength and lightfast- 
ness not less than, that of a reference 
sample , mutually agreed upon by the 
purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 
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unit of production in a shipment. 
When no markings distinguishing be- 
tween units of production appear, sam- 
ples shall be taken from different pack- 
ages in the ratio of two samples for 
each 10,000 lb., except that for shipments 
of less than 10,000 lb. two samples shall 
be taken. At the option of the pur- 
chaser, the samples may be tested 
separately or after blending in equal 
quantities the samples from the same 
production unit to form a composite 
sample. 

Methods of Testing 

4. {a) General . — Tests shall be con- 
ducted in accordance with the appro- 
priate methods of the American Society 
for Testing Materials, where applicable. 
Test procedures not covered by A.S.T.M. 
methods shall be mutually agreed upon 
by the purchaser and the seller. 

(b) Paranitraniline Red . — Place ap- 
proximately 0.5 g. of the pigment on a 


clean smooth surface, such as a piece of 
milk glass. Add a few drops of alco- 
holic potassium hydroxide solution (22 
g. of KOtl dissolved in 1000 ml. of 
ethyl alcohol) to the center of the sample 
and rub with a glass rod. The presence 
of paranitraniline red is indicated by a 
violet color. 

(c) Solubility in Chloroform . — Place 
about 0.05 g. of pigment in a SO-ml. 
Nessler tube, add 40 ml. of chloroform 
(U.S.P.), and warm slightly, stirring 
with a glass rod. Compare this solution 
with a similarly prepared solution of a 
standard sample of known purity. Com- 
plete solubility of the pigment in chloro- 
form is indicated if a clear red orange 
solution is obtained. 

Note. — Any turbidity indicating an im- 
purity may be conveniently identified by 
extracting 5 g. of the pigment in a Soxhlet 
extractor, using chloroform as the solvent. 
The residue may then be examined and esti- 
mated. 


Standard Specifications fior 
ALUMINUM POWDER FOR PAINTS^ 

ALUMINUM BRONZE POWDER 



A.S.T.M. Designation: D 266-41 
Adopted, 1931; Revised, 1939, 1941.3 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 266; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, These specifications cover two 
types of aluminum powder, commer- 
cially known as aluminum bronze pow- 
der, for use in paints: 

Type A . — Standard fineness, for 
general paint use. 

Type B . — Extra fine, for special 
uses. 

Composition and Properties 

2. {a) The aluminum powder shall 
consist of commercially pure aluminum 
in the form of fine, polished flakes and 
shall contain no filler or adulterant, such 
as mica. The powder shall be suitable 
for making aluminum paint and shall 
also conform to the following require- 
ments : 


Easily extracted fatty and oily matter 
(polishing lubricant), max., per cent. . . 3.0 
Total impurities, other than fatty and oily 

matter, max., per cent 2.0 

Coarse particles, max., per cent: 

Type A; total residue retained on a No. 

100 (149-micron) sieve 0.2 

Type B; total residue retained on a No. 

325 (44-micron) sieve. 1.0 


{h) The powder shall show good 
“leafing” properties. A paint rhade 


from the powder shall be free flowing 
and shall give a continuous coating at 
least equal in smoothness, luster, and 
general appearance to that of a reference 
sample mutually agreed upon by the 
purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other unit 
of production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

> Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1927 to 1931, being re- 
vised in 1928 
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Methods of Testing 

4. Several of the methods for testing 
aluminum powder are empirical and the 
results are affected by the method. 
The operator shall follow closely the 
procedures described in the Standard 


Methods of Sampling and Testing 
Aluminum Powder and Paste (A.S.T.M. 
Designation; D 480) of the American 
Society for Testing Materials.® 


3 Appears in this publication; see Contents in Nmneric 
Sequence of A.S.T.M. Designations at front of book. 



Standard Specifications for 
ALUMINUM PIGMENT PASTE FOR PAINT^ 



A.S.T.M. Designation: D 474 -41 
Adopted, 1939; Revised, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 474; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover two 
types of aluminum pigment paste for use 
in paints: 

Type A . — Standard fineness, for 
general paint use. 

Type B . — Extra fine “lining,” for 
special finishes. 

Composition and Properties 

2. (a) The aluminum pigment paste 
shall consist of commercially pure alu- 
minum in the form of fine, polished flakes, 
combined with a volatile paint thinner 
and a suitable fatty lubricant to form a 
paste suitable for use as a paint pigment. 
It shall contain no fillers or adulterants, 
such as mica. The paste shall conform 
to the following requirements: 


Nonvolatile matter at 105 to 110 C., min., 


Easily extracted fatty and oily matter 

(polishing lubricant) , max. , per cent . . 4.0 
Total impurities, other than fatty and oily 

matter, max., per cent 1.0 

Coarse particles (total residue retained on 
a No, 32S (44-micron) sieve), max., 
per cent: 

Type A 1.5 

TypeB 0.1 


Note. — All of the above limits are expressed 
in percentage of the pasle. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-l on Paint, Varnish, Lacquer, and 
Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1938 to 1939. 


(b) The paste shall show good “leaf- 
ing” properties. A paint made with the 
paste shall be free flowing and shall give 
a continuous coating at least equal in 
smoothness, luster, and general appear- 
ance to that of a reference sample 
mutually agreed upon by the purchaser 
and the seller. 

(c) Paste of both types shall meet the 
stability test described in Section 4. 
Paste which within six months storage 
in unopened original packages after ship- 
ment is found to be unfit for use will 
be rejected. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 
unit of production in a shipment. When 
no markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal qurmtities the 
samples from the same production unit 
to form a composite sample. 
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Specifications for Aluminum Pigment Paste (D 474 -“41) 


Methods of Testing 
4. Several of the methods for testing 
aluminum paste are empirical, and the 
results are affected by the method. The 
operator shall follow closely the pro- 
cedures described in the Standard 


Methods of Sampling and Testing Alu- 
minum Powder and Paste (A.S.T.M. 
Designation: D 480) of the American 
Society for Testing Materials.® 


3 Appears in this publication, see Contents in Niuneric 
Sequence of A.S.T.M. Designations at front of book. 



Standard Specifications for 
GOLD BRONZE POWDER" 



A.S.T.M. Designation: D 267 - 41 
Adopted, 1931; Revised, 1941,2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 267 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the ma- 
terials commercially known as gold 
bronze, pale gold bronze, and rich gold 
bronze powders. 

Composition and Properties 

2. (fl) The bronze powder shall be 
made from new ingot metals. It shall 
consist of fine polished flakes with not 
to exceed 3 per cent of fatty or oily 
matter (polishing lubricant) to give 
good “leafing” properties. 

{b) The residue retained on a No, 100 
(149-micron) sieve, using alcohol as the 
wash liquid, shall not exceed 0.2 per 
cent. 

(c) The powder shall have good 
“leafing” properties. (By “leafing” is 
understood the property of forming an 
apparently continuous brilliant film over 
the entire free surface of a mixture of 
the powder in a suitable liquid (Note), 
within 1 min. after cessation of stirring 


* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

’ Prior to adoption as standard, these specifications 
were published as tentative from 1927 to 1931, being re- 
vised in 1928. 


the mixture.) In testing for leafing 
properties the powder shall be mixed 
in the proportion of 3 to 4 lb. to a gal- 
lon of the liquid. As thus mixed it 
shall also give a free flowing, smooth, 
continuous coating. 

Note. — A suitable liquid is made by mixing 
spar varnish conforming to the U. S. Federal 
Specification for Water-Resisting Spar Varnish 
(No. TT-V-121a) with turpentine conforming to 
the Standard Specifications for Spirits of 
Turpentine (A.S.T,M. Designation: D 13) of 
the American Society for Testing Materials® in 
such proportions that the mixture will have a 
viscosity of 0.65 to 0.85 poises (B to C of the 
Gardner-Holdt scale). 

(d) The gold bronze powder shall be 
suitable for making gold bronze paint. 
It shall match in shade and fineness a 
reference sample mutually agreed upon 
by the purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other unit 
of production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 

3 Appears in this publication; see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Specii’ications for Gold Bronze Powder (D 267 - 41) 


taken from different packages in the 
ratio of two samples for each 10,000 lb-, 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples may be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 


Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Ma- 
terials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall be mutually agreed upon by 
the purchaser and the seller. 



Standard Specifications for 
ZINC DUST (METALLIC ZINC POWDER)' 



A.S.T.M. Designation: D 520 - 41 

Adopted, 1940; Revised, 1941,2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 520; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover metallic 
zinc powder, in the form commercially 
known as zinc dust, for use as a pigment 
in paints. 

Composition and Properties 

2. (a) The pigment shall consist sub- 
stantially of metallic zinc and shall con- 
form to the following requirements; 


Metallic zinc, min., per cent % 

Material other than metallic zinc and ZiiO, 

max., per cent l.S 

Moisture and other volatile matter, max., per 

cent. 0.1 

Zinc oxide remainder 

Coarse particles, max., per cent; 

Total residue retained on a No. 100 (149- 

micron) sieve none 

Total residue retained on a No. 32S (44- 
micron) sieve 4.0 


(5) In such physical properties as are 
specified by the purchaser, the pigment 
shall satisfactorily match a reference 
sample mutually agreed upon by the 
purchaser and the seller. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1939 to 1940. 


Humber of Tests 

3. Two samples shall be taken at 
random from different packages from 
each lot, batch, day’s pack, or other 
unit of production in a shipment. When 
no markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the 
samples maj'- be tested separately or 
after blending in equal quantities the 
samples from the same production unit 
to form a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applicable. Test procedures 
not covered by A.S.T.M. methods shall 
be mutually agreed upon by the pur- 
chaser and the seller. 
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Standard Specifications for 
TOXIC INGREDIENTS IN ANTI-FOULING PAINTS' 

DRY CUPROUS OXIDE, DRY MERCURIC OXIDE 



A.S.T.M. Designation: D 277-31 
Adopted, 1931.’ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 277; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the toxic 
ingredients (dry cuprous oxide and dry 
mercuric oxide) in anti-fouling paints 

Composition 

2. (o) Anti-fouling paints, when 
mixed ready to apply, shall contain both 
cuprous oxide and mercuric oxide in the 
following amounts: 

Cuprous Mercuric 
Oxide, min., Oxide, min,. 


oz, 

. per U. S. 
gal. 

oz. per U. 
gal. 

For general service 

14 

7 

In north temperate 

■waters 

25 

1.5 

In south temperate 

waters 

20 

5 

In tropical waters 

14 

14 


(6) The amount of cuprous oxide 
material used in the manufacture of anti- 
fouling paints shall be in proportion to 
the cuprous oxide content, any cupric 
oxide present being considered as inert 
material. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1928 to 1931, being 
revised in 1931. Editorially revised and rearranged in 


Cuprous Oxide 

3. The cuprous oxide shall be a fine 
powder and shall conform to the follow- 
ing requirements : 


Cuprous oxide, min., per cent 96.0 

Coarse particles (total residue retained on 
a No. 325 (44-micron) sieve), max., per 
cent 2.5 


Mercuric Oxide 

4. The mercuric oxide shall be a finely 
powdered red or yellow mercuric oxide 
conforming to the following require- 
ments: 

Chemically combined mercury, calculated 


as metallic mercury, min., per cent 91.0 

Free mercury none 

Ash, max., per cent 0.5 


Impurities practically free from acids and 

alkalies and from inert organic 
or inorganic fillers or adulterants. 
Coarse particles (total residue retained on 
a No. 325 (44-micron) sieve), max., per 
cent 10.0 

Methods of Testing 

5. The requirements enumerated in 
these specifications shall be determined 
in accordance with the following meth- 
ods of test of the American Society for 
Testing Materials: 

(a) Cu-prous Oxide . — Standard Meth- 
od of Chemical Analysis of Dry Cuprous 
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Oxide (A.S.T.M. Designation: D 283).® 

(b) Mercuric Standard Meth- 

od of Chemical Analysis of Dry Mercuric 
Oxide (A.S.T.M. Designation: D 284).® 

(c) Coarse Particles.— VxoctdnxQ for 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of boo ™ 
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insoluble dry pigments as described 
in Section 3 of the Standard Meth- 
ods of Test for Coarse Particles in 
Pigments, Pastes, and Paints (A.S.T.M. 
Designation: D 185).® 
id) Standard Method of Chem- 
ical Analysis of Dry Mercuric Oxide 
(A.S.T.M. Designation: D 284).® 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K51-1941 


Standard Method of Test for 
ALKALINITY OR ACIDITY OF PIGMENTS' 



A.S.T.M. Designation: D 278 -31 
Adopted, 1931.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 278; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers a pro- 
cedure for determining the alkalinity- 
or acidity of pigment. 

Procedure 

2. Shake a 20-g. sample of the dry 
pigment with 200 ml. of distilled water 
for 5 min., let settle, filter through a dry 
filter paper into a dry beaker, discarding 


I Under the standardization procedure of the Society 
this method is under the jurisdiction of the A,S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1928 to 1931. Editorially revised 
and rearranged in 1939. 


the first 10 ml. of the filtrate. Transfer 
100 ml. of the clear filtrate to a flask, 
add 3 drops of methyl orange solution 
(prepared by dissolving 1 g. of methyl 
orange in 1 liter of distilled water), and 
titrate to the end point with H2SO4 solu- 
tion (0.02 iV) if alkaline, or NaOH or 
NagCOa solution (0.02 iV) if acid. 

Calculation 

3. Calculate alkalinity to milligrams 
of NaOH in 1 g. of the sample. Calcu- 
late acidity to milligrams of NaOH 
required to neutralize 1 g. of the sample 
(1 ml. of exactly 0.02 iV solution is 
equivalent to 0.0008 g. of NaOH). 


876 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K52-1941 


Standard Methods of Test for 
BLEEDING OF PIGMENTS* 



A.S.T.M. Designation: D 279 -31 
Adopted, 1931.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 279; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures for 
determining the “bleeding” of pigments. 

Procedure for Dry Pigments to be Used 

in Cellulose Ester Lacquers 

2. Mix a suitable amount of the pig- 
ment to be tested with a minimum 
volume of dibutyl phthalate to give a 
thick paste when rubbed up with a 
sharp-edged steel spatula on a glass 
plate. Stir this paste into a clear cellu- 
lose ester lacquer of a composition agreed 
upon by the buyer and the seller and 
apply the paint evenly by brushing on a 
clean, smooth, dry metal panel. Apply 
the paint to only a part of the panel, 
leaving a margin of at least 2.5 cm. (1 
in.) of unpainted metal around the 
painted portion. Allow the panel to dry 
for 30 min. in a well-ventilated room at 
room temperature (70 to 90 F,). Flow 
successive coats of white lacquer of a 
composition agreed upon by the buyer 
and the seller over the entire surface of 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1928 to 1931, being revised in 
1929. Editorially revised and rearranged in 1939. 


the panel until complete hiding is ob- 
tained, allowing the panel to dry for 20 
min. in a well-ventilated room at room 
temperature (70 to 90 F.) after apply- 
ing each coat. Do not apply any white 
lacquer after the application of the par- 
ticular coat that causes complete hiding. 
Let the completed panel dry for 24 hr. 
and note the color of the two sections of 
the panel. If the color of the section 
containing the pigment under test does 
nnt match that of the adjoining area 
containing only the white lacquer, report 
the pigment as “bleeding.” 

Procedure for Dry Pigments to be Used 
in Oil or Oleoresinous Paints and 
Enamels 

3. (a) Mix a suitable amount of the 
material to be tested with a minimum 
volume of a mixture of the following: 

Raw linseed oil“ 5 parts by volume 

Spar varnish^ .4 parts by volume 

Liquid paint drier* 1 part by volume 

“ The raw linseed oil shall conform to the Standard 
Specifications for Raw Linseed Oil (A.S.T.M. Designation : 
D 234) of the American Society for Testing Materials.* 
" The spar varnish shall conform to the U. S. Federal 
Specification for Water-Resisting Spar Varnish (No. 
TT-V-121a). 

' The liquid paint drier shall conform to the U. S. 
Federal Specification for Liquid Paint Drier (No. TT-D- 
651). 

* Appears in this publication, ace Contents in Numeric 
Sequence of A.S.T.M. Desigaations at front of book. 
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(b) Rub up the sample prepared in 
accordance with Paragraph (a) with a 
sharp-edged steel spatula on a glass plate 
to obtain a uniformly smooth, stiff paste. 
Thin with turpentine to give a paint of 
brushing consistency, and apply evenly 
by brushing on a clean, smooth, dry 
metal panel. Apply the paint to only 
a part of the panel, leaving a margin of 
at least 2.5 cm (1 in.) of unpainted 
metal around the painted portion. Al- 
low the panel to dry for 18 hr. in a well- 
ventilated room at room temperature 
(70 to 90 F.). Brush a coat of Damar 
varnish (Damar resin cut in turpentine) 
over the entire surface of the panel. Re- 
port any color, other than that of the 
Damar varnish on the unpainted portion 
of the panel, as “bleeding.” 

Procedure for Pastes in Oil 

4. Mix a suitable amount of the paste 
to be tested with sufficient liquid paint 
drier® to give a paint that will dry 
within 7 hr. Thin the mixture with tur- 
pentine to give a paint of brushing con- 
sistency. Thoroughly stir the paint, 
strain it through a No. 100 (i49-micron) 
sieve, ^ and apply by brushing to a clean, 
smooth, dry metal panel. Apply the 
paint to only a part of the panel, leaving 
a margin of at least 2.5 cm. (1 in.) of 

< Detailed requirements for this sieve are given in the 
Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 


unpainted metal around the painted 
portion. Allow the panel to dry (should 
not require over 7 hr.) in a well-ventil- 
ated room at room temperature (70 to 
90 F.). After a total of 18 hr. of drying 
under the above conditions, brush a coat 
of Damar varnish (Damar resin cut in 
turpentine) over the entire surface of 
the panel. Report any color, other than 
that of the Damar varnish on the un- 
painted portion of the panel, as “bleed- 
ing.” 

Procedure for Pastes in Japan 

5. Mix a suitable amount of the paste 
to be tested with turpentine to give a 
paint of brushing consistency. Add the 
turpentine slowly while thoroughly mix- 
ing with a sharp-edged steel spatula or 
paddle. Thoroughly stir this paint, 
strain it through a No. 100 (149-micron) 
sieve, ^ and apply by brushing to a clean, 
smooth, dry metal panel. Apply the 
paint to only a part of the panel, leav- 
ing a margin of at least 2.5 cm. (1 in.) 
of unpainted metal around the painted 
portion. Allow the panel to dry for 5 
hr. in a well-ventilated room at room 
temperature (70 to 90 F.). Brush a 
coat of Damar varnish (Damar resin 
cut in turpentine) over the entire sur- 
face of the panel. Report any color, 
other than that of the Damar varnish 
on the unpainted portion of the panel, as 
“bleeding.” 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO,: K42-1937 


Standard Methods of Test for 
COARSE PARTICLES IN PIGMENTS, PASTES, AND PAINTS* 



A.S.T.M. Designation: D 185 - 37 
Adopted, 1926; Revised, 1927, 1929, 1937.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 185; the final number indicates the year of original 
adoption as standard or, iA the case of revision, the year of last revision. 


Scope 

1. These methods of te.st cover pro- 
cedures for determining the amount of 
coarse particles in dry pigments and of 
coarse particles and skins in mixtures of 
pigments and vehicles. 

Apparatus 

2. The apparatus shall consist of a 
3-in. No. 325 (44-micron) sieve con- 
forming to the Standard Specifications 
for Sieves for Testing Purposes (A.S. 
T.M. Designation: E 11) of the Ameri- 
can Society for Testing Materials.® 
A 3-in. No. 325 (44-micron) sieve for 
comparison purposes should be retained 
in the laboratory as a reference standard. 
Whenever a new sieve is secured, a 
practical test of its accuracy should be 
made by running on it and on the refer- 
ence standard sieve a comparison test, 
using a pigment that has a considerable 
percentage of coarse particles. A reserve 
stock of such a pigment should be kept 
for this purpose. 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M, 
Committee D-1 on Paint, Varnish, Lacquer, and Related ■ 
Products. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1924 to 1926, being revised in 
1926. Editorially revised and rearranged in 1939. 

2 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Procedure for Insoluble Dry Pigments, 
Except Metallic Aluminum and 
Bronze Powders 

3. (a) The sieve shall be dried in an 
oven at 105 to 110 C., cooled, and then 
weighed on an analytical balance, the 
weight being recorded to the nearest 
milligram. 

(J) The sample (25 g. for basic car- 
bonate and basic sulfate white leads, 25 
g. for red lead and mercuric oxide, 2 g, 
for black pigments of low specific grav- 
ity, 3 g. for Prussian blues and graphite, 
and 10 g. for all other pigments) of the 
pigment to be tested shall be weighed 
on an analytical balance to the nearest 
milligram. The sieve shall be wet 
on both sides with alcohol and the sam- 
ple of pigment shall then be transferred 
to the sieve and wetted with alcohol. 

(c) The sieve shall then be held under 
a tap delivering about 300 to 500 ml. 
of the wash liquid (water) per minute. 
By slightly shaking the sieve, the pig- 
ment will be rapidly carried through. 
A soft camel’s-hair brush may be used in 
aiding the operation. If the sieve is 
held at a slight angle so that the pigment 
will gradually collect at one edge during 
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the washing process, and then rotated, 
the pigment may be brushed out rapidly, 
with no risk of clogging the sieve. After 
the most of the finely divided portion 
of the pigment has passed through the 
sieve (from 2 min. to 1 hr., according 
to the kind of pigment), the sieve shall 
be placed in an 8-in. porcelain dish 
containing 250 ml. of the wash liquid 
(water) . The sieve will thus be covered 
to a depth of about | in. The pigment 
remaining on the sieve shall be brushed 
with a soft 1-in. camel’s-hair brush at 
the rate of two strokes per second during 
two periods of 10 sec. each. The sieve 
shall then be raised from the dish after 
each 10-sec. period to let the liquid on 
the sieve run through. The liquid in 
the dish should be changed after every 
two brushing periods. This operation 
shall be continued until the wash liquid 
(water) passing over the residue and 
through the sieve is clear and free from 
solid particles. When the washing ap- 
pears to be complete, about 200 ml, of 
the wash liquid (water), after passing 
over the residue and through the sieve, 
shall be collected in a clean 400-ml. 
beaker. The liquid shall be stirred 
vigorously, and the beaker set on a black 
surface in the case of white pigments 
and on a white surface in the case of 
colored pigments. The washing shall 
not be considered complete until such a 
test fails to show any particles collected 
about the middle of the bottom of the 
beaker (Note). 

(d) When the washing is complete 
the pigment particles adliering to the 
brush shall be washed back onto the 
sieve and the water below the sieve 
wiped off. A few drops of alcohol and 
then of ether should be added to expedite 
drying. The sieve shall be dried for 
1 hr., cooled, and weighed as described 
in Paragraph (a). The percentage of 
coarse particles shall then be calculated. 

Note. — Occasional^, pigments will be found 
that foam when water is used as the wash liquid. 


In such instances, during the last washing in 
the porcelain dish the use of a liquid that 
breaks dowm the foaming and is readily miscible 
with water, such as alcohol, will usually over- 
come this difficulty. 

Procedure for Metallic Aluminum and 

Bronze Powders 

4. In the case of metallic aluminum 
and bronze powders the procedure 
described in Section 3 shall be followed 
except that 5 g, of the material shall be 
used as a test sample, and denatured 
alcohol, instead of water, shall be used 
as the wash liquid. 

Procedure for Water-Soluble Pigments, 

Paste^ in Oil, Pastes in Japan, and 

Mixed Paints. 

5. (a) The sieve shall be dried, cooled 
and weighed as described in Section 
3(a). 

(b) The sample to be tested shall 
contain 10 g. of pigment (25 g. of pig- 
ment with white leads and red lead). 
The weight shall be determined on an 
analytical balance to the nearest milli- 
gram and the sample transferred to a 
250-ml. beaker. With dry pigments and 
pastes 100 ml. of kerosine shall be added 
to the beaker; with mixed paints and 
enamels 50 ml. of kerosine. The sieve 
shall then be wet on both sides with 
kerosine. The sample and the kerosine 
in the beaker shall be thoroughly mixed, 
breaking up all lumps, but not grinding, 
with the flattened end of a stirring rod. 
The contents of the beaker shall then be 
transferred to the sieve, using a wash 
bottle containing kerosine. When small 
particles of pigment are retained on the 
stirring rod or walls of the beaker, they 
may easily be removed with a camel’s- 
hair brush. 

(c) The procedure described in Sec- 
tion 3 (c) shall then be followed, using 
kerosine (siphoned from a vessel) instead 
of water as the wash liquid. The 
pigment particles adhering to the brush 
shall then be washed back onto the sieve 
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and all kerosine shall be washed from the 
sieve with ether. The sieve shall be 
dried for 1 hr., cooled, and weighed, as 
described in Section 3 (a). The per- 
centage of coarse particles and sTcinc^ 
(in the case of dry pigments, coarse 
particles) shall then be calculated. 

Procedure for Ship-Bottom Paints Con- 
taining Resins and Alcohol, 

6. In the case of ship-bottom paints 
containing resins and alcohol the pro- 
cedure described in Section 5 shaU be 
followed, except that a sample containing 
10 g. of pigment shall be used and de- 
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natured alcohol, instead of water, sliall 
be used as the wetting medium, for 
mixing with the paint, and as the wash 
liquid. 

Procedure for Cellulose Ester Lacquers. 

7. In the case of cellulose ester lac- 
quers the procedure described in Section 
5 shall be followed, except that a sample 
containing 10 g. of the material shall be 
used and a mixture of equal parts of 
ethyl acetate, benzol, and denatured 
alcohol, instead of water, shall be used 
as the wetting medium for mixing with 
the lacquer and as the wash liquid. 



Standard Method of Test for 

RELATIVE DRY HIDING POWER OF WHITE PIGMENTS IN A 
LINSEED OIL VEHICLE' 



A.S.T.M. Designation: D 406 - 3P 
Adopted, 1939.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 406; the final number indicates the year of original 
adoption as standard or, in tlie case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the relative dry hiding 
power of a white pigment in a linseed 
oil vehicle and is only to be used for a 
comparison of standard and sample of 
the same type of white pigment. An 
optional procedure is included which 
permits a quantitative determination of 
the relative dry hiding powers of two 
pigments of the same type. 

Definition 

2, Relative dry hiding power of a 
white pigment is the ability of that pig- 
ment to impart hiding power to a paint 
prepared in the manner specified below. 
It is quantitatively expressed as the 
relative dry hiding power of this paint® 
in terms of a similar paint prepared from 
a standard pigment. 

1 Under the standardization procedure of the Society, 
this method is under_ the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

5 Prior to adoption as standard, this method was pub- 
lished as tentative from 1935 to 1939, being revised in 1937 
and 1939. 

See the definition of relative dry hiding power of a 
paint in the Standard Method of Test for Relative Dry 
Hiding Power of Paints (A.S.T.M. Designation: D 344), 
which appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Apparatus 

3. The apparatus shall consist of the 
following: 

(а) Balance . — Regulation laboratory 
balance with capacity of 100 g. and 
sensitivity of 0.1 g. 

(б) Syringe . — Syringe of 10-ml. capac- 
ity. 

(c) Paint Brush . — A good grade paint 
brush, 1| in. in width. 

{d) Container . — A |-pt. can or a 250- 
ml. beaker. 

(e) Test Surface . — A smooth-surfaced 
paper chart having adjacent black and 
white areas and coated with a suitable 
varnish or lacquer so as to render the 
surface impervious and resistant to paint 
liquids. The black areas of the board 
shall have a diffuse reflectance of less 
than 1 per cent. The white areas shall 
have a diffuse reflectance of 75 per cent 
or greater. The white areas of the 
boards used for the standard paint and 
the sample shall not differ in brightness 
by more than 1 per cent. The chart 
shall have a test area of not less than 1 
sq. ft. and any suitable regular geometri- 
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cal design of the contrasting areas may- 
be used. 

(/) Illumination, — A reasonable in- 
tensity of diffused light, preferably 
northern skylight or a source approxi- 
mating northern skylight, 

(g) Burette. — A standard 2S-mL bu- 
rette, graduated in 0.1 ml, (stopcock 
controlled). The tip of the burette shall 
be ground optically flat. 

(h) Glass Muller. — Standard type 
glass muller with a grinding face of from 
2f to 3 in. in diameter. The face shall 
be free from blowholes and other imper- 
fections, and kept sharp by slightly 
grinding with No. 303 optical emery or 
its equivalent and turpentine. The 
edge should be beveled. 

ii) Rubbing Surface. — Lithographers’ 
stone or ground plate glass slab, the sur- 
face of which is kept sharp by slightly 
grinding with No. 303 optical emery or 
its equivalent and turpentine. 

(/) Spatula. — A flexible spatula hav- 
ing a 6-in. blade for mixing the oil and 
pigment. 

Materials 

4. The following materials will be re- 
quired: 

(a) Standard Pigment. — h standard 
white pigment of the same type as that 
to be tested mutually agreed upon by 
the purchaser and the seller. 

if) Vehicle. — The vehicle shall be pre- 
pared from the following two types of 
linseed oil, combining 50 per cent of each 
by weight to -which shall be added 1 ml. 
of a cobalt naphthenate drier (metal con- 
tent approximately 6 per cent) to each 

100 g. 

(1) Heat-bodied, alkaline, refined lin- 
seed oil, having a viscosity of E to F on 
the Gardner-Holdt scale^ and an acid 
number of 1 to 5. 

(2) Light, boiled linseed oil, having a 

< Gardner’s Laboratory Manual, Nintb Edition, May 
1939,p.216. 


viscosity of B on the Gardner-Holdt 
scale, ^ an acid number of 2 to 5, and 
color not darker than No. 11 on the 
1933 Gardner Color Standard.® 

Procedure 

5. The relative dry hiding power of 
the white pigment shall be determined as 
follows: 

(o) The standard white pigment and 
vehicle shall be first mulled to a stiff 
paste and then reduced to a paint of 
reasonably good brushing properties. 
Quantities of pigment and vehicle for 


TABLE I.-SUGGESTED QUANTITIES OF PIGMENT 
AND VEHICLE. 


Pigment 

Pig- 

ment, 

s. 

Oil for 
Mull- 

'a 

Oil for 
Reduc- 
ing 

Single 

Mull- 

ing, 

ml. 

Zinc oxide 

17.8 

5,6 

6.3 

Leaded zinc oxide 

16.3 

3.5 

8.7 

Antimony oxide 

25.3 

5.3 

S.3 

Basic carbonate white lead 

25.5 

4.3 

7.0 

Basic carbonate white lead 
(high oil) 

25. S 

6.2 

6.5 

Basic sulfate white lead 

25,5 1 

5.0 

6.0 

Titanium dioxide 

11.6 

6.6 

5.6 

Titanated lithopone 

17.9 

7.5 

3.4 

Titanium banum (30 per 
cent) 

18.9 

5.9 

4.6 

Titanium calcium (low oil) .... 

13.9 

6.1 

4.4 

Titanium calcium (high oil) . . . 

12.4 

8.1 

3.0 

Titanium magnesium 

Lithopone (low-oil absorp- 
tion) 

12.9 

7.6 

3.8 

13.9 

3.8 

8.0 

Lithopone (high-oil absorp- 
tion) 

10.5 

4.4 

8.2 

Zinc sulfide barium 

11.8 

4.2 

8.0 

Zinc sulfide magnesium 

10.6 

5.0 

6.9 

Zinc sulfide 

10.7 

4.4 

7.9 


both operations shall be mutually agreed 
upon by the purchaser and the seller. 
The quantities of pigment and vehicle 
used should produce paints of reasonably 
good brushing properties from both 
standard and sample. Table I is in- 
tended to serve only as a guide. 

(6) The amount of standard white 
pigment shall be weighed accurately and 
the corresponding quantity of vehicle 
measured out, taking care to allow suf- 
ficient time for complete drainage of the 
burette (approximately 5 min.). The 


• Gardner’s Laboratory Manual, Ninth Edition, May, 

1939, p. 72. 
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materials sliall be placed on the rubbing 
slab and worked into a paste with the 
spatula. Then the paste shall be rubbed 
up with the glass muller, using a stroke 
approximately 6 in. in width and from 
12 to IS in. in length. In countmg 
rubs, one stroke up and one stroke back 
shall be considered to be one rub. The 
muller shall be allowed to travel up 
one side and back the other side, twist- 
ing the muller slightly at the top and 
bottom of each half stroke to help work 
in the pigment. After each 25 rubs 
with the muller, the pigment shall be 
“picked up” with the spatula by scrap- 
ing the face of the muller and gathering 
the paste on the slab into a daub. The 
mulling shall be continued until the paste 
is given 100 rubs. This paste shall then 
be thinned with the additional vehicle 
and transferred to the container. 

(c) The sample of white pigment to 
be tested shall be treated in the same 
manner as the standard, as described in 
Paragraphs {a) and [h). 

(d) Brushouts of these paints shall be 
prepared as described in Paragraph (e) 
at a reasonable spreading rate mutually 
agreed upon by the purchaser and the 
seller. 

(e) The paint prepared from the 
standard pigment shall be weE stirred 
and the brush dipped into the paint and 
worked out on a suitable surface. The 
desired quantity of paint shall be taken 
up in the syringe, and the syringe and 
wet brush -weighed in the empty con- 
tainer. The paint shall then be spread 
over the surface of the chart, the syringe 
returned to the empty container, and 
the paint brushed out uniformly over 
the test surface, care being taken to 
cover only the test area. The empty 
syringe, wet brush, and container shall 
again be weighed. The loss of weight 
represents the weight of paint applied 
to the test surface. A test chart shall 
then be prepared from the paint made 
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with the sample pigment in the same 
maimer and at the same spreading rate. 
Both painted test surfaces shall then be 
set aside to dry. 

(/) After the test surfaces are thor- 
oughly dry, they shall be placed side by 
side against a flat surface. The stand- 
ard and sample brushouts shall be 
viewed in juxtaposition under a reason- 
able intensity of diffused light, prefer- 
ably northern skylight or a source 
approximating northern skylight. The 
observer should view the brushouts from 
a distance of 5 to 10 ft. 

Relative Dry Hiding Power 

6. If the apparent contrast existing 
on the brushout of the sample of white 
pigment is adjudged equal to or less 
than that existing on the brushout of the 
standard white pigment, the sample 
shall be said to be equal to or better 
than the standard pigment in relative 
dry hiding power as defined in Section 2. 

Optional Procedure 

7. (a) In many cases it is not suffi- 
cient to say that the sample pigment is 
better or poorer than the standard, and 
the amount of difference must be deter- 
mined quantitatively. The optional 
procedure described in the following 
Paragraphs (b) and (c) is recommended 
for determining quantitative differences 
in hiding power. It may be used in 
place of the procedure outlined in Sec- 
tion 5. 

(b) The paint prepared from the 
sample of white pigment shall be applied 
to a brushout board as described in 
Section 5 (e) at the spreading rate 
mutually agreed upon, A series of 
brushouts shall be made from the paint 
prepared from the standard white pig- 
ment. The difference in spreading rate 
between successive steps in this series 
should be approximately 15 per cent. 
The range of spreading rate covered by 
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this series should be sufhcient to give 
contrasts above and below that of the 
brushout of the sample pigment (esti- 
mated from the probable difference in 
relative dry hiding power, if known) or 
should cover the entire range of spread- 
ing rate convenient to apply with the 
standard paint. The painted test sur- 
faces shall be set aside to dry. 

(c) Under the conditions of illumina- 
tion and viewing, as described in Section 
5 (/), the brushout of the sample paint 
shall be compared with a series of brush- 
outs of the standard paint, numbered, 
beginning with one, in order of decreas- 
ing spreading rate for convenience of 
handling. It will be found to be equal 
in contrast to one brushout of the stand- 
ard or to be intermediate in contrast 
between two adjacent standards in the 
series of standard brushouts. If the 
sample is found to be between two adja- 
cent standards in contrast, the sample 
shall be viewed against these standards 
with the higher and lower standard on 
either side. For purposes of grading, 
the contrast interval betw^een the two 
standards shall be considered as 10 ar- 
bitrary units. The position of the sam- 
ple shall be estimated on this arbitrary 
scale. Thus, if the sample appears 
equally distant in contrast from either 
standard, it will be graded 5 on the 
arbitrary scale. If nearer the standard 
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of less contrast, it will be graded 6, 7, 
8, or 9 as the case might be. The 
grading shall be recorded in terms of the 
number of the standard brushout of 
higher spreading rate followed by a deci- 
mal point and the grading of the arbi- 
trary scale. In making this grading it 
is important that the sample be graded 
between the two standards with the 
standard of lesser contrast first on the 
right and then on the left. The two 
gradings thus obtained shall be aver- 
aged to give the final grading figure. 

Calculation 

8. The hiding power of the sample of 
white pigment shall be calculated as 
follows: 

(jy, - IF,) I + w. 

Hiding power = — X 100 

where: 

Wi = weight of paint on the brushout 
of the heavier grading stand- 
ard, 

Wi = weight of paint on the brushout 
of the lighter grading stand- 
ard, 

Ws = weight of paint on the brushout 
of the sample pigment, and 
X = contrast grading (decimal por- 
tion of the recorded grading). 
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Standard Method of Test for 

HYGROSCOPIC MOISTURE (AND OTHER MATTER VOLATILE 
UNDER THE TEST CONDITIONS) IN PIGMENTS^ 



A.S.T.M. Designation: D 280-33 j 

Adopted, 1931; Revised, 1933.^ | 

This Standard of the American Society for Testing Materials is issued under | 

the fixed designation D 280; the final number indicates the year of original > 

adoption as standard or, in the case of revision, the year of last revision, [ 


Scope 

1. This method of test covers proce- 
dures for determining hygroscopic mois- 
ture (and other matter volatile under the 
test conditions) in pigments. 

Method A. For Pigments that Do Not 
Decompose at 110 C. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) A wide-mouth cylindrical glass 
weighing bottle (flat form, about 30 mm. 
in height and about 70 mm. in diameter), 
provided with a ground-in glass stopper. 
Or, an aluminum moisture dish (about 
90 mm. in diameter and about 50 mm. 
in depth) with a tightly-fitting cover. 

(5) An oven in which a temperature 
of from 105 to 110 C. can be maintained, 
(c) An analytical balance. 

Procedure 

3. The procedure shall be carried out 
as follows: 

/Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

= Prior to adoption as standard, this method was 
published as tentative from 1928 to 1931. Editorially re- 
vised and rearranged in 1939. 


Weigh accurately the glass weighing 
bottle and stopper or the aluminum 
moisture dish with cover. Place a sam- 
ple of from 3 to 5 g. of the pigment in the 
clean, dry weighing bottle or in the 
clean, dry aluminum moisture dish. In- 
sert the stopper (or cover) and weigh. 
Subtract the weight of the vessel from 
the total weight to obtain the weight of 
sample used in the test. Remove the 
stopper (or cover) and place it and the 
bottle (or dish) containing the sample in 
an oven that has been previously heated 
to 105 to 110 C.; heat for 2 hr. at a 
temperature of 105 to 110 C. Replace 
the stopper (or cover), cool in a desic- 
cator, and weigh. Calculate the total 
loss in weight to percentage of mois- 
ture and other volatile matter. 

Method B. For Pigfnents That 
Decompose at 110 C. 
Apparatus 

4. The apparatus shall consist of the 
following: 

(a) A glass weighing bottle as de- 
scribed in Section 2 (a). 

(b) An open-tube manometer made of 
glass tubing 6 mm. in diameter, filled 
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with mercury to approximately 86 cm., 
fitted with rubber pressure tubing at- 
tached to a T-joint leading to the desic- 
cator and the pump (Note 1). 

(c) A glass desiccator, having a hole at 
the side or in the cover, constructed with 
heavy walls to withstand a vacuum of 
one atmosphere. The hole at the side 
shall be closed with a one-hole rubber 
stopper carrying a glass tube with a 
rubber tube connection and a pinchcock 
or with a glass stopcock ground to fit 
the tubulature. 

(d) An oil vacuum pump with a motor 
to give a vacuum of not more than 3 
mm.® 

(e) An analytical balance. 

Procedure 

5. The procedure shall be carried out 
as follows: 

Weigh accurately the glass weighing 
bottle and stopper. Place a sample of 
from 1 to 3 g. of the pigment in the 
clean, dry weighing bottle, insert the 


stopper and weigh. Subtract the weight 
of the vessel from the total weight to 
obtain the weight of sample used in the 
test. Remove the stopper and place it 
and the bottle containing the sample in 
the desiccator containing fresh, mag- 
nesium perchlorate trihydrate.^ Close 
the desiccator, attach to the pump, and 
gradually evacuate until the manometer 
indicates that the vacuum, which should 
not be greater than 3 mm., is constant 
(Note 2). Close the pinchcock or stop- 
cock, stop the pump, and let stand at 
room temperature (70 to 90 F.) for 24 
hr. Admit air that has been dried by 
passage through fresh magnesium per- 
chlorate trihydrate slowly to the desic- 
cator by means of the pinchcock or stop- 
cock, remove the cover, quickly replace 
the stopper in the weighing bottle, and 
weight. Repeat the evacuations and 
weighings until the loss in weight does 
not exceed 0.5 mg. in 24 hr. Calculate 
the total loss in weight to percentage of 
moisture and other volatile matter 
(Note 3). 


Explanatory Notes 


Note 1. — The difference in levels of the 
mercury in the manometer when the system is 
in operation, subtracted from the barometer 
reading taken at the same time, gives the 
vacuum of the system in millimeters of mer- 
cury. The difference between the barometer 
and the manometer reading should not exceed 
3 mm. 

Note 2. — Caution should be used in evacuat- 
ing glass desiccators. The vacuum should be 
applied gradually. Desiccators w’ill maintain 
a vacuum for a greater length of time when a 
thin film of a suitable stopcock lubricant® is 
applied to the ground surfaces. Desiccators 


when evacuated for the first time should be 
wrapped in towels or covered by other means to 
prevent possible injury to the operator. 

Note 3. — ^This is an arbitrary method and 
the details should be strictly followed. The 
determination of the true hygroscopic moisture 
content of very finely divided pigments is very 
difficult, if not impossible in some cases. 


*H. H. Willard and G. Frederick Smith, "The Prepara- 
tion and Properties of Magnesium Perchlorate and Its 
Use as a Drying Agent,” Journal, Am. Chemical Soc., 
Vol. 44, pp. 22SS-S9 (1922). The compound is sold under 
the trade name “Dehydrite.” 

‘Martin Shepherd and P. G. Ledig, “Rubber Stop- 
cock Lubricants for High Vacuum and Other Uses," 
Industrial and Engineering Chemistry, Vol. 19, p. 1059 
(1927). 


’The “Hyvac" oil pump is satisfactory. 
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Standard Method of Test for 
OIL ABSORPTION OF PIGMENTS^ 



A.S.T.M. Designation: D 281 - 31 
Adopted, 1931.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 281; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers a pro- 
cedure for determining the oil absorption 
of pigments. 

Procedure 

2. Weigh exactly 1 g., or any multiple 
thereof (Note 1), of the thoroughly 
mixed and air-dried pigment, and place 
upon a glass plate or marble slab. 
Weigh accurately a dropping bottle 
(Note 2) fitted with a ground-in pipette 
and rubber bulb and containing some 
clear, well-settled, raw linseed oil (free 
from foots) having an acid value (Note 
3) of from 1 to 3 (Note 4). Add the lin- 
seed oil gradually, drop by drop (by 
means of the pipette) to the pigment, 
and after the addition of each drop 
thoroughly incorporate the oil with the 
pigment by rubbing up with a sharp- 
edged steel spatula. The test is com- 
plete when exactly enough oil has been 
incorporated with the pigment to pro- 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

s Prior to adoption as standard, this method was pub- 
lished as tentative from 1928 to 1931, being revised in 1931. 
Editorially revised and rearranged In 1939. 


duce a very stiff, putty-like paste, which 
does not break or separate. Accurately 
weigh the bottle and oil (Note 2) and 
determine by difference the weight of oil 
used. 

Note 1. — ^The weight of sample depends 
upon the specific gravity, fineness, and other 
characteristics of the pigment. For example, 
if 20 g. is taken for white lead, about 1 g. is 
sufficient for carbon black. In any event the 
size of sample should be large enough so that 
at least 1 g. of oil is required. 

Note 2. — ^Instead of weighing the linseed oil 
in the dropping bottle, it may be added drop 
by drop from an accurate burette. The num- 
ber of milliliters of linseed oil used is then multi- 
plied by the specific gravity of the oil in order 
■to obtain the corresponding weight of the oil in 
grams. 

Note 3. — Care should be taken that the 
linseed oil used in comparative or simultaneous 
tests has the same acid value. 

Note 4. — While raw linseed oil is specified, 
other liquids (such as refined oil) may be used 
by mutual agreement. 

Calculation 

3. From the weights of oil and pig- 
ment used in the test, calculate the 
number of pounds of oil required to 
exactly “wet” 100 lb. of pigment. 


APPROVED AS 

^ AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K41-1939 


Standard Methods of Test for 
SPECIFIC GRAVITY OF PIGMENTS^ 



A.S.T.M. Designation: D 153 - 39 
Adopted, 1924; Revised, 1927, 1939.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 153; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods of test cover pro- 
cedures for determining the specific 
gravity of pigments. 

Method A. For Routine Testing op 
Several Samples Simultaneously 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Pycnometer . — A pycnometer, as 
shown in Fig. 1 {a) or {h), having a 
capacity of 50 ml, 

(5) Water Bath . — A water bath con- 
sisting of a vessel filled with sufficient 
water to permit of only a very gradual 
rise in temperature and equipped with a 
stirring device, preferably air-blown. 

{c) Manometer . — An open-tube ma- 
nometer, see /, Fig. 3, made of glass tubing 
6 mm, in diameter, filled with mercury 
to approximately 86 cm., fitted with 
rubber pressure tubing attached to a 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

® Prior to adoption as standard, these methods were 
published as tentative from 1923 to 1924. 


T-joint leading to the desiccator and the 
pump. 

Note. — The difference in levels of the 
mercury in the manometer when the system is 
in operaMon, subtracted from the barometer 
reading taken at the same time, gives the 
vacuum of the system in millimeters of mer- 
cury. The difference between the barometer 
and the manometer readings should not ex- 
ceed 3 mm. 

(d) Desiccator . — A glass desiccator, 
having a hole at the side, constructed 
with heavy walls to withstand a vacuum 
of one atmosphere. 

(e) Vacuum Pumps . — A laboratory 
water vacuum pump to expel the greater 
portion of air in the desiccator. 

An oil vacuum pump® with a motor to 
give a vacuum of not more than 3 mm. 

(/) Weighing Bottle . — A weighing bot- 
tle with cork. The neck shall be small 
enough to fit inside the neck of the 
pycnometer. This latter requirement 
is essential, since small quantities of 
pigment easily adhere to the ground- 
glass joint of the pycnometer. 

*The “Hyvac” oil pump is satisfactory. This pump 
has a displacement of approximately 200 cu. in. per min. 
or 7 cu. f t. per hr. at a speed of 900 rpm. It will evacuate 
a flask of 1-liter capacity to a vacuum of 1 ram. in 2 min. 
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(g) Thermometer. — A thermometer 
having a range of from 0 to 60 C. gradu- 
ated in 0.1 C. 

Standardization of Pycnometers 
3. The pycnometer shall be filled 
with freshly-boiled distilled water and 
brought to a temperature of 15.6 C. 
It shall be dried and weighed as specified 
in Section 4 (/*). It shall then be 
cleaned, weighed, and dried. It shall 
then be filled with the kerosine to be 
used in making the test and again 
brought to a temperature of 15.6 C., 
and dried and weighed in the same man- 


Thermomehn. 


Capillary 

Tuhe'"> 



(a) ib) 

Fig. 1. — Pycnometers. 


ner as before. The specific gravity of 
the kerosine shall be calculated as fol- 
lows: 


Sp. gr., 15.6/15.6 C. 


wt. of kerosine 
wt. of water 


Procedure 


4. (a) Drying. — The pigment shall be 
dried in an oven at 105 C. for 2 hr. 


Note. — I t is preferable to use an electric 
oven for this purpose. 


{h) Weighing. — A sample of the pig- 
ment shall be weighed, by difference, in 
the weighing bottle. For black, blue, 
and lake pigments of light specific 
gravity, about 1 g. should be used; for 


inert crystalline pigments, about 4 g.; 
for opaque white pigments, 7 to 10 g.; ! 

and for red lead, from 15 to 20 g. should 
be used. i 

Note. — D ue to the hygroscopic nature of 
some of the pigments it is necessary to use a 
weighing bottle fitted with a cork stopper. i 

(c) Number of Samples. — It has been 
found convenient to run six samples at 
one time, the desiccator specified being i 
'of the proper size to accommodate this * 
number. I 

{d) Transferring to Pycnometer. — Suf- 
ficient kerosine shall be poured into the 
pycnometer to forui a |-in. layer in the 
bottom and a quantity of pigment from 
the weighing bottle shall be added 
reaching approximately three-fourths of 
the distance to the kerosine level. The i 

kerosine shall always cover the pigment. | 

The sample shall be stirred with a pol- j 

ished round-bottom glass rod until com- f 

pletely covered by the kerosine, more \ 

kerosine being added from the wash | 

bottle if necessary. The rod shall be i 

washed with kerosine. I 

(e) Removal of Occluded Air. — The | 

pycnometers shall be placed in the desic- | 

cator, which shall then be closed and I 

attached to the water pump until the I 

greater part of the air is expelled from i 

the system. This takes from 5 to 10 i 

min. The system shall then be closed , 

with a pinchcock and the desiccator 
attached to the oil pump for the removal 
of the small amounts of air given off at 
the low pressures obtainable with the 
oil pump. The manometer is used 
to indicate whether the oil pump is 
giving the proper vacuum. When the i 

manometer indicates that the vacuum, i 

which should not be greater than 3 
mm., is constant, the oil pump may 
be cut off for short periods, precau- 
tion being taken that the vacuum does 
not change materially due to leakage. 

It will be noticed that bubbles of air i 
come from the pigments very rapidly at | 
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first and that this action gradually de- 
creases and finally stops altogether. 
The time required for complete removal 
of air varies from 30 min. to 2 hr., de- 
pending upon the nature of the pigment. 
When no more bubbles can be seen, it is 
assumed that all the occluded air has 
been given off and that the pigment is 
thoroughly wet with kerosine. Air may 
then be slowly admitted to the desiccator 
by means of the pinchcock. 

(/) Filling and Bringing to Tempera- 
ture . — The pycnometer shall be taken 
from the desiccator and filled with 
kerosine, care being taken to add a 
sufficient quantity to prevent the for- 
mation of air bubbles when placement of 


the thermometer in the bath shall be 
read, but not on the thermometer in the 
pycnometer. The pycnometer shall be 
removed from the bath and dried. It 
shall then be allowed to stand for 30 
min. to enable it to come to room tem- 
perature, and weighed. 

Note. — It is advisable to allow the pycnom- 
eter to stand approximately the same time 
before each weighing so as to compensate for 
slight errors due to evaporation at the joints. 

Calculations 

5. The specific gravity shall be cal- 
culated as follows: 

Sp. ST. of pigment 



the thermometer is made. The ther- 
mometer shall be placed in the water 
bath, which shall be cooled with ice to a 
temperature between 10 and 13 C. 
The pycnometer shall be placed in the 
bath and be permitted to come to con- 
stant temperature. The pycnometer 
thermometer or capillary tube shall 
then be inserted. Enough warm water 
shall be added to the bath to raise the 
temperature suddenly to about 14.5 C. 
in order to expand the kerosine and pre- 
vent it from creeping down the capillary 
and admitting a small amount of air. 
The bath shall be allowed to come to a 
temperature of 15.6 C. The capillary 
tube shall be wiped with filter paper and 
the cap put on. All temperatures on 


where: 

K ~ weight of the bottle filled with 
kerosine only, 

P = weight of pigment used, 

F = final weight of the bottle with 
pigment and kerosine, and 

S = specific gravity of the kerosine 
used. 

Precautions 

6. Before a new desiccator is used for 
the first time, it shall be wrapped in a 
towel and tested under the vacuum to be 
used, great care being exercised in han- 
dling the desiccator when the vacuum is 
on, as any sudden jar may cause it to 
collapse. 
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Method B. For Tests Requiring necting with the vacuum pump e, Fig. 

Highest Accuracy 3. The bell jar shall rest on a sheet of 

rubber, cemented or vulcanized to a 
Apparatus glg^gg qj. jj-on plate. With stopcock c 

7. The apparatus shall consist of the closed and stopcock d opened to the 
following: . pump, the system shall withstand and 

(а) Pycnometer. —h. pycnometer as maintain a vacuum. 

shown in Fig. 1 (a) or (6), having a ca- Note. — A suitable desiccator may be sub- 

pacity of 50 ml. stituted for the bell jar. 

(б) Water Bath. — A water bath con- (p) Thermometer. — A thermometer 
sisting of a vessel filled with suificient having a range of from 0 to 60 C., 
water to permit of only a very gradual graduated in 0.1 C. 



Fig. 3. — Apparatus Assembly for Determining Specific Gravity of Pigments. 


rise in temperature and equipped with a 
stirring device, preferably air-blown. 

(c) Bell Jar. — A glass bell jar with a 
two-hole rubber stopper. Into one hole 
of the stopper shall be fitted a separa- 
tory funnel with a well-ground stopcock 
c, Fig. 2, and with the lower tube extend- 
ing into the pycnometer (just below the 
opening of the side arm in Fig. 1 (a)). 
Into the other hole of the stopper shall 
be fitted a glass tube with a well-ground 
3-way stopcock' d, Fig. 2, the tube con- 


{e) Vactmm Pump. — A high vacuum 
pump e, Fig. 3. 

(/”) Manometer. — An open-tube ma- 
nometer /, Fig. 3, as described in Section 

1 (c). 

(g) Bottle. — A storage bottle h, Fig. 
3, for kerosine or other wetting liquid. 

Procedure 

8. The pycnometer containing the 
weighed sample of dried pigment shall 
be placed, under the bell jar. Stopcocks 
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c and d shall be closed, the vacuum pump 
started, and then stopcock d gradually 
opened to the pump. Wlien the air has 
all been removed, with a vacuum of 1 
mm. maintained, the separatory funnel 



Fig. 4.— Glass Burette. 


Burette: Geissler, straight; glass stopcock, ground 
accurately. 

Total capacity 100 ml. 

Capacity of bulb 0 to 75 ml. 

Graduated 75 to 100 ml. 

Subdivisions 0.05 ml. 

Rate of oulllovv about 2 min. 

Permissible Variations: 

Total capacity ±0.10 ml. 

Graduated portion _. ±0.03 inl. 

Markings on graduations shall be in conformity with the 
National Bureau of Standards Ciradar No. 9. 


shall be filled with kerosine, stopcock d 
closed, and at once stopcock c shall be 
gradually opened, adding sufficient kero- 
sine to completely cover the pigment. 
The pump shall be stopped and the suc- 
tion at d released. Finally, the pycnom- 


eter shall be filled with kerosine and the 
test completed as described in Section 
4 (/■) and Section 5 under method -A. 

Note 1. — Before a new bell jar (or desiccator) 
is used for the first time, it shall be tested under 
a vacuum as described in Section 6. 

Note 2.— Stopcock c must be well ground 
and should be lubricated with castor oil or 
glycerol. See precautions in Section 15 under 
method C concerning the necessity of testing 
the system for leaks before making a deter- 
mination. 

Note 3.— With certain pigments that are 
not wetted well with kerosine, the substitution 
of turpentine has been found very efficient. 
However, when turpentine, or any other liquid 
having a high evaporation rate, is used, a 
pycnometer of type shown in Fig. 1 (a) or (6) 
is not satisfactory, on account of losses around 
the ground-glass joints. When using such 
liquids as turpentine, the bottle (as a pycnom- 
eter) and apparatus as described in Section 9 
under method C should be used, except that 
instead of attempting to measure an accurate 
volume of the liquid from the burette, the 
bottle (plus the sample plus the wetting liquid) 
is finally weighed as in method B. 

Method C. For Rapid and Accurate 
Testing of Single Samples 

Apparatus 

9. The apparatus shall consist of the 
following (see Fig. 3) : 

(а) Burette. — A lOO-ml. burette with 
a 75-ml. bulb in the upper part and the 
lower part (25 ml.) graduated in 0.05 
ml. (see Fig. 4). 

(б) Flask. — A special 100-ml. gradu- 
ated flask, h, Fig. 3, with ground-glass 
stopper. The flask shall be thick 
enough to withstand and maintain a 
vacuum and should weigh between 50 
and 60 g. The neck of the flask should 
be graduated in 0.05 ml. between the 99 
and 100-ml. marks. The dimensions of 
the flask are shown in Fig. 3. 

(c) Stopcocks. — A tightly ground stop- 
cock c, in the burette a. 

A 3-way stopcock d, connecting with 
the vacuum pump e. 

(d) Vacuum Pump. — A high-vacuum 
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pump® e, of the type requiring no pre- 
liminary or “backing” pump. 

(e) 'Manofnetcr . — An open-tube ma- 
nometer /, Fig. 3, as described in Section 
2 (c:). 

Note. — ^Tlie difference in levels of the mer- 
cury in the manometer when the system is in 
operation, subtracted from the barometer 
reading taken at the same time, gives the 
vacuum of the system in millhneters of mercury. 
The difference between the barometer and the 
manometer readings should not exceed 1 mm. 

(g) Thermometer.— A. thermometer g, 
having a range of from 0 to 60 C. gradu- 
ated in 0.1 C. 

{h) Bottle . — A storage bottle A, for 
kerosine or other wetting liquid. 

Standardization of Apparatus 

10. The flask shall be connected to 
the burette and pump by means of a 
two-hole rubber stopper. The system 
shall be evacuated with stopcock c 
closed until the pump maintains a 
vacuum of 1 mm, in the flask (this 
requires only a few minutes). The 
3-way stopcock d shall be closed for 30 
sec., and again opened to the pump. 
There should be no appreciable change 
in the mercury levels in the manometer, 
indicating that the system beyond stop- 
cock d is tight. With the vacuum still 
maintained, the burette shall be filled 
from the top with kerosine, the level 
adjusted to the zero mark with a piece 
of capillary tubing. Stopcock d shall 
now be closed and then stopcock c 
carefully opened, admitting about 75 
ml. of kerosine into the flask. Stopcock 
d shall be opened to the air, thus releas- 
ing the vacuum in the flask, and the 
flask shall be filled with kerosine to a 
definite mark on the neck. The burette 
shall be read, calling this reading K 
(the volume of the flask). 


Procedure 

11. The flask shall then be cleaned 
with ether, dried, and weighed. A glass 
counterpoise having the same superficial 
area and treated the same way may be 
placed in the opposite pan in the bal- 
ance. A quantity of the dry pigment 
to be tested shall be transferred to the 
flask by means of a clean, dry, glass 
funnel whose stem reaches to the bottom 
of the bulb. A piece of stiff nickel wire 
is convenient in pushing the powder 
down the stem. The bulb of the flask 
should be nearly filled with the sample 
which, however, should occupy a volume 
of less than 25 ml. after all air is ex- 
pelled. Greater accuracy may be ob- 
tained with a large sample than with 
a small one. The inside stem as well 
as the entire outside of the flask should 
be wiped with a clean piece of dry, lint- 
less cloth. The flask and pigment shall 
then be weighed and the weight of 
pigment calculated by deducting the 
weight of the empty flask. , With the 
burette clean and dry, but with the 
stopcocks well lubricated (castor oil or 
glycerol), the flask shall be attached 
to the evacuating system as shown in 
Fig. 3. After closing stopcocks c and d, 
the pump shall be started and stopcock 
d carefully opened to the pump . Evacu- 
ation shall be continued until the pump 
maintains a vacuum of 1 mm. in the 
flask, or until all the air is expelled 
from the system. The burette shall 
then be filled from the top as described 
in Section 10, stopcock d closed, stop- 
cock c gradually opened and kerosine 
added until the pigment is covered. 
The flask shall be tapped gently to 
dislodge any air bubbles. The pump 
should be stopped, stopcock d opened 
to the air, and the flask filled up to the 
same mark as was obtained in determin- 
ing its volume. The volume of kerosine 
required may be designated X. The 
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height of the liquid in the burette shall 
be read to the nearest estimated 0.01 ml. 

Note. — The removal of all air can not be 
stressed too greatly, as the presence of air will 
cause low results. 

Calculations 

12. The specific gravity shall be 
calculated as follows: 

s 

Sp. gr. of pigment = — 

where : 

5 = weight of pigment used, 

K = volume of kerosine required to 
fill the flask when empty, and 

X ~ volume of kerosine required to 
fill the flask when the pigment 
is present. 

Temperature 

13. Since the specific gravity of a 
pigment is only slightly affected by 
temperature, such variations as occur 
under normal conditions in a room would 
not materially aflect the results. Care 
shall be taken, however, that the tem- 
perature of the liquid after transferring 
to the flask is approximately the same 
as it was when in the burette. 

Wetting Medium 

14. While kerosine has been found to 
be a good wetting medium, any liquid 
which does not have a high evaporation 
rate may be used. The liquids are 
interchangeable, as no constants on 
them need be determined. Hence, a 
pigment containing a dye which is 
slightly soluble in kerosine could be run 
with another liquid in the same appa- 
ratus without special standardization 
for that liquid. Operators are cau- 
tioned against the use of water as it 
causes considerable frothing with certain 
pigments. 


Precautions 

15. (a) Care shall be taken that the 
burette stopcock is well ground in order 
to prevent leakage of kerosine. Castor 
oil is suggested as the stopcock lubricant. 

(b) Since in determining both K and 
X, the tip of the burette and bore of the 
stopcock plug are empty, no correction 
is needed; stopcock c, however, should 
be so well ground that under a vacuum 
of 1 mm. for 30 min. no leakage of kero- 
sine takes place. The usual sources of 
error are failure to remove all the air 
from the pigment and leaks in the 
system. The minimum amount of rub- 
ber tubing should be used anywhere in 
the system, and wherever this is used 
the joints between rubber and glass 
should be coated with a melted mixture 
of beeswax and rosin. 

(c) In cleaning the flask of kerosine 
only, a rinsing two or three times with 
ether followed by dry air (dried over 
sulfuric acid and calcium chloride) is 
sufficient. When pigment is also pres- 
ent, both pigment and kerosine should 
be taken together and then emptied. 
This should be followed with ether 
until no more pigment is removed. 
Some filter pulp (macerated filter paper) 
and water (with or without some glass 
beads) should be added and shaken 
vigorously. Repetition may be neces- 
sary. The flask should then be rinsed 
with distilled water and either dried 
in an oven or rinsed with alcohol and 
ether followed by dry air. In deter- 
mining specific gravity by this method, 
there is no reason why the flask, if made 
of resistant glass, ^ cannot be heated, 
followed by cooling during evacuation 
if such heating has no effect on the 
sample. 

<Pyrex glass is very satisfactory for this purpose. 
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A.S.T.M. Designation: D 332 - 36 
Adopted, 1936.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 332; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the tinting strength of 
white pigments or white pigment pastes 
and is only to be used for a comparison 
of the sample and a reference standard 
of the same type of white pigment. 

Apparatus 

2. The apparatus shall consist of the 
following: • 

(а) Balance. — Regulation laboratory 
balance, sensitive to at least 1 mg. 

(б) Burettes. — vStandard 1-ml. bu- 
rettes, graduated in 0.1 ml, (stopcock 
controlled) or the apparatus known as 
the Brown burette, which consists of a 
small burette as just described but with 
a small reservoir. The tips of all bu- 
rettes shall be ground optically flat. 

(c) Glass Standard type 

glass mullers with a grinding face of 
from 2f to 3 in. in diameter. The face 
shall be free from blowholes and other 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-l on Paint, Varnish, Lacquer, and Related 
Products. 

“ Prior to adoption as standard, this method was pub- 
lished as tentative from 1931 to 1936, being revised in 
1934 and 193.5. Editorially revised and rearranged in 1939. 


imperfections, and kept sharp by lightly 
grinding with No. 303 optical emery or 
its equivalent and turpentine. The 
edge should be beveled. 

id) Rubbing Surface. — Lithographers’ 
stones or ground plate glass slabs, the 
surface of which is kept sharp by lightly 
grinding with No. 303 optical emery or 
its equivalent and turpentine. 

(e) Glass or Celluloid Sheets. — Sheets 
of flat glass or flexible celluloid for use in 
weighing out the oils and pastes. 

(/) Spatula. — A flexible spatula hav- 
ing a 3~in. blade for mixing the oil and 
pigment. 

(g) Panels. — Bright tin or clear glass 
panels for use in observing color matches. 

{h) Scraper. — A French scraper or 
body glazing scraper for smoothing 
down the color daubs placed on the 
glass or tin panels. The scraper shall 
have a blade that is about 3 or 4 in. in 
width with a good straight edge. 

Materials 

3. The following materials will be 
required: 

(a) Reference Standard. — A standard 
white pigment or white pigment paste 
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agreed upon by the seller and the 
purchaser. 

(b) Tinting Material . — Either ultra- 
marine blue or a very fine, low-strength, 
uniform black tinting material prepared 
from finest lampblack (Note 1). If 
desired, the tinting material, either ultra- 
marine blue or black, may be prepared 
in the form of an oil paste (Note 2) 
ground fine and placed in small col- 
lapsible tubes. 

Note 1. — It is advisable to prepare such a 
pigment from the finest lampblack and the 
finest precipitated calcium carbonate by inti- 
mate mixing of one part of the dry lampblack 
and six parts of the dry calcium carbonate until 
a uniform mixture is obtained which will give 
check results with several duplicate samples of a 
standard white pigment. 

Note 2. — Recommended formulas for such 
a paste using ultraznarine blue are as follows: 

{ 140 lb. Ultramarine blue 
50 lb. Poppy oil 
3 lb. Calcium stearate 
2 lb. Castile soap 
I lb. Turpentine 

f 70 lb. Ultramarine blue 
No. 2 . . j 27 lb. Refined linseed oil 

( 3 lb. 4-hr. cooked linseed oil (560 F.) 

(c) Oil . — White refined linseed oil with 
an acid number of approximately 4. 
The use of bodied oils or varnish may be 
essential in some cases. 

Procedure for White Pigments 
4. The tinting strength of white pig- 
ments shall be determined as follows: 

(a) Weigh accurately 2 g. of the 
reference standard white pigment and 
the amount of ultramarine blue or lamp- 
black and measure the amount of oil as 
indicated in Table I, 

(b) Use sheets of flat glass or flexible 
celluloid in weighing out the pigments, 
oils and pastes. For regular control 
work, the use of the burette is recom- 
mended for measuring the oil used, in- 
stead of weighing, because of the sim- 
plicity, speed, and reasonable accuracy 
of the burette. Be sure to allow suffi- 


cient time for the burette to drain to its 
true level. In case of doubt or dispute 
over any tint or in the case of viscous 
oils, all portions shall be weighed. If 
desired, the tinting material may be 
added in the form of a paste, and in this 
case the weighed quantity of paste shall 
have the amount of tinting material 
specified in the above table and shall be 
added to the mulled sample on the 
rubbing slab and thoroughly mixed with 
the spatula until no streaking is notice- 
able. Place the materials on the rub- 
bing surface and work them into a paste 
with the spatula, then rub up the paste 
with the glass muller, using a stroke 3 to 


Table I 



1 

s 

t 

Weight of 
Tinting 
Material, g. 

Pigment 

3 

O 

J_ 

Ultramarine 

Blue 

1 

! 

White lead 

2 

0.4 

0.2 

0.04 

Zinc oxide 

2 

0.6 

0.2 

0.04 

Zinc oxide (35 per cent 
leaded) 

2 

0.4 

0.2 

0.04 

Lithopone 

2 

0.5 

0.2 

0.04 

Extra strength lithopone 

2 

0.5 

0.2 

0.04 

Zinc sulfide 

2 

0.6 

0.4 

0.08 

Titanium barium pigment — 
Titanium calcium pigment. . . 

2 

0.5 

0.2 

0.04 

2 

O.S 

0.2 

0.04 

Titanium dioxide 

2 

0.9 

0.4 

0.08 


4 in. in width and from 12 to 15 in. in 
length. In counting the rubs, one stroke 
up and one stroke back is considered 
one rub. Allow the muller to travel up 
one side and back the other side, twist- 
ing the muller slightly at the top and 
bottom of each half stroke to help work 
in the pigment. After each 25 rubs 
with the muller, “pick up” the pigment 
with the spatula by scraping the face 
of the muller and gathering the paste 
on the slab into a daub. Continue the 
mulling until the paste is giveii 100 rubs. 

(c) Treat 2 g. of the sample of white 
pigment in exactly the same manner as 
prescribed in Paragraph (a) for the 
reference standard, using the same 


898 Test for Tinting Strength of White Pigments (D 332 - 36) 


amount of tinting material and oil. 
Give the sample 100 rubs. Place the 
sample and reference standard in juxta- 
position on a bright tin or clear glass 
panel. Make the daub of each about 
1 in. in width and 2 in. in length and 
draw the scraper lightly over the pastes 
to even off the ridge and so place both 
daubs on an even plane. If glass is used, 
the rub-outs may be observed either 
from the top or through the glass panel. 

(d) If the sample differs appreciably 
from the reference standard in tint, other 
pastes of the reference standard white 
pigment may be prepared, using various 
amounts of the tinting material to give 
a series of standards. The sample of 
white pigment shall then be compared 
with the series of rub-outs of the refer- 
ence standard pigment, the quality of 
tint being judged by placing the rub- 
outs in juxtaposition on the tin or glass 
panel as in the procedure described in 
Paragraph (c). 

Calculation 

5. The tinting strength of the sample 
shall be calculated as follows: 

A 

Tinting strength of pigment “ ^ ^ ^ 
where: 

A — weight in grams of tinting mate- 
rial used with reference stand- 
ard to give equality of tint, 

B — weight in grams of tinting ma- 
terial used with sample, and 
T = empirical tinting strength value 
given to the reference stand- 
ard. 

Optional Procedure for White Pigments 

6. (a) The method described in Sec- 
tions 4 and S is satisfactory for routine 
testing of samples of white pigments of 
the kind which do not vary greatly in 
tinting strength. Variations in the 
brightness or consistency of the tinted 


pastes used for matching cause varia- 
tions in the relative tinting strength of 
the samples being tested. When com- 
paring similar pigments which do not 
vary greatly in tinting strength, these 
errors are negligible, but when comparing 
pigments which do vary greatly in tint- 
ing strength, the comparison should best 
be made with tinted pastes of standard 
brightness and standard consistency. 
In the following method all comparisons 
shall be made with pastes that have a 
brightness or light reflection of 20 per 
cent and equal consistency. 

(b) Weigh accurately 2 g. of the refer- 
ence standard white pigment and a 
sufficient amount of the blue (or black) 
tinting material to produce a paste which 
will have a 20 per cent light reflection 
(Note 1) when mixed with oil. Place 
these materials on the rubbing surface 
and add sufficient oil to produce a paste 
of medium consistency (Note 2). Mull 
the sample as described in Section 4 (b) 
until the paste is given 100 rubs. 

Note 1. — The light reflection may be meas- 
ured by the Marten’s photometer or other 
suitable instrument or by comparison with a 
paste known to have the specified light reflection. 

Note 2. — ^This consistency shall be such that 
the paste can just be thrown from the spatula 
by a gentle whipping motion of the hand or by 
the tapping of the spatula blade with the index 
finger. 

(c) Treat 2 g. of the sample of white 
pigment in exactly the same manner as 
described in Paragraph {b) for the refer- 
ence standard, using sufficient tinting 
material to produce a paste which will 
exactly match the standard. Use suffi- 
cient oil with the sample of white pig- 
ment to produce a paste having approxi- 
mately the same consistency as the 
reference standard. Give the sample 
100 rubs as described in Section 4 (b). 
It will be necessary to prepare several 
2-g. portions of the sample of white 
pigment using various amounts of the 
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tinting material until the color of the 
reference standard is exactly matched. 
Judge the color match as described in 
Section 4 (c). 

Calculation (Optional Procedure) 

7. The tinting strength of the un- 
known sample shall be calculated from 
the following formula: 

C 

Tinting strength of pigment - —X T 
where: 

C = weight in grams of tinting mate- 
rial used with sample to give 
equality of tint, 

V = weight in grams of tinting mate- 
rial used with reference stand- 
ard, and 


T ~ empirical tinting strength value 
given to the reference 
standard. 

Procedure for Pastes 

8. When the sample is in paste form, 
the tinting material should also prefer- 
ably be in the form of an oil paste. The 
weighed quantity of tinting material in 
paste form shall be added to the weighed 
sample of white pigment paste on the 
rubbing slab and thoroughly mixed with 
the spatula until no streaking is notice- 
able, The tinting strength shall then 
be determined in accordance with the 
procedure described in Section 4 (c) and 
the calculation made as in Section 5. 
If desired, the optional procedure in 
Section 6 (c) may be used and the calcu- 
lation made as in Section 7. 


I 
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A.S.T.M. Designation; D 387 - 36 
Adopted, 1936.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 387; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers proce- 
dures for determining the mass color 
and tinting strength of the materials 
generally known as dry colors, either in 
the form of dry pigments or in the form 
of pastes in oil or japan. They do not 
apply to the white pigments. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Balafice . — Regulation laboratory 
balance, sensitive to at least 1 mg. 

(h) Burettes . — Standard 1-ml, bu- 
rettes, graduated in 0.1 ml., (stopcock 
controlled) or the apparatus known as 
the Brown burette, which consists of a 
small burette as just described but with 
a small reservoir. The tips of all 
burettes shall be ground optically flat. 

(c) Glass Mullers . — Standard type 
glass mullers with a grinding face of 

‘ Under the standardization procedure of the Society, 
thi.s method is under the jurisdiction of the A.S.T.M. 
Committee D-l on Paint, Varnish, Lacquer, and Related 
Products. 

* Prior to adoption as standard, this method was 
published as tentative from 1934 to 1936, being revised in 
1935. Editorially revised in 1939. 


from 2f to 3 in. in diameter. The face 
shall be free from blowholes and other 
imperfections, and kept sharp by lightly 
grinding with No. 303 optical emery or 
its equivalent and turpentine. The 
edge should be beveled. 

{d) Rubbing Surface. — Lithographers’ 
stones or ground plate glass slabs, the 
surface of which is kept sharp by lightly 
grinding with No. 303 optical emery or 
its equivalent and turpentine . T o guard 
against contamination, different slabs 
or stones should be available for red, 
yellow, blue, green, and black pigments. 

(e) Glass or Celluloid Sheets . — Sheets 
of flat glass or flexible celluloid for use 
in weighing out the samples of dry colors, 
oils, and pastes. 

(/) Spakila . — A flexible spatula hav- 
ing a 3-in. blade for mixing the oil and 
pigment. 

(g) Panels . — Bright tin or clear glass 
panels for use in observing color matches. 

{h) Scraper . — A French scraper or 
body glazing scraper for smoothing down 
the color daubs placed oh the glass or 
tin panels. The scraper shall have a 
900 
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blade that is about 3 or 4 in. in width 
with a good straight edge. 

Materials 

3. The following materials will be 
required: 

la) Reference Standard , — A reference 
standard pigment (dry color) or paste 
color in oil or japan agreed upon by 
the seller and the purchaser. 

{h) Reduction Paste . — Zinc oxide oil 
paste for the tinting strength test (Note). 

Note. — R ecommended formulas for such a 
oaste are as follows: 

{ 300 lb. Green seal zinc oxide 
64 lb. Poppy oil 
2 lb. Calcium stearate 
1 lb. Turpentine 

( 90 lb. Green seal zinc oxide 
10 lb. Refined linseed oil. 

1 lb. 4-hr. cooked linseed oil (560 F.) 

1 100 lb. Green seal zinc oxide 
25 lb. Heat bodied oil (of “0” Litho 
varnish consistency) 

“ This formula yields a short paste, handy to use and 
which has little tendency to settle. The paste should be 
ground fine and placed in small collapsible tubes. 

This formula yields a paste that is slightly stringier 
than No. 1 and settles very little. New oil pastes should 
be prepared at least once each month. The paste should 
be ground fine and placed in small collapsible tubes. 

(c) Oil . — White refined linseed oil 
with an acid number of approximately 4. 
In special cases, other oils may be essen- 
tial, for example, earth colors may 
require raw oil, or pigments for printing 
inks require transparent lithographic 
varnish. Such special oils should be 
arranged for by the seller and the 
purchaser. 

Mass Color 

Procedure 

4. Mass color shall be determined as 
follows: 

(o) Carefully weigh the sample of pig- 
ment to be tested and counterbalance 
with the reference standard pigment. 
For regular control work, the use of the 
burette is recommended for measuring 
the oil used, instead of weighing, because 
of the simplicity, speed, and reasonable 


accuracy of the burette. In case of 
doubt and dispute over any color, or in 
the case of viscous oils, all portions shall 
be weighed. If oil is to be weighed, add 
oil to the dry samples accurately. 
Transfer the oil and pigment to the 
rubbing slab. If oil is to be measured, 
transfer the weighed samples of the pig- 
ments to the slab and add oil by dropping 
(slowly) from the burette, working up 
the paste with the small spatula. Be 
sure to allow sufficient time for the 
burette to drain to its true level. When 
all the dry pigment is worked up by 
means of the spatula, rub up the paste 
with the glass muller. Use a stroke 
from 3 to 4 in. in width and from 12 to 
15 in. in length. In counting the rubs 
given a color, one stroke up and one 
stroke back is considered one rub. 
Allow the muller to travel up one side 
and back the other side, twisting the 
muller slightly at the top and bottom 
of each half stroke to help work in the 
pigment. After the number of rubs with 
the muller, as specified in the following 
table, depending on the type of pigment, 
“pick up” the paste with the spatula by 
scraping the face of the muller and 
gathering the paste on the slab into a 
daub- Continue the mulling .until the 
paste is given the specified number of 
rubs: 

Total Number of 


Rubs Required for 
Pigment 

Pick-up Required 

300. 

after each 50 rubs 

200 


150 


100 

after each 25 rubs 

80 


60 



(6) When the mulling is completed, 
place the sample and the reference 
standard in juxtaposition on the bright 
tin or clear glass panel. Make the daub 
of each about 1 in. in width and 2 in. in 
length and draw the scraper lightly over 
the pastes to even ofi the ridges and so 
present both daubs on an even plane. 
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Mass tone should be judged immedi- 
ately. If glass is used observe the rub- 
outs from the top and not through the 
glass panel. 

Note. — Where higher precision is required 
than that afforded by visual examination or 
where it is desirable to determine the color 
characteristics of the material in terms of funda- 
mental physical units, this may be done by use 
of the Standard Method of Test for Spectral 
Characteristics and Color of Objects and Ma- 
terials (A.S.T.M. Designation: D 307) of the 
American Society for Testing Materials.® 

Tinting Strength of Color 
Pigments 

Procedure 

5. The tinting strength of color pig- 
ments shall be determined as follows: 

(a) Weigh the required amount of the 
mulled color paste from the slab and 
counterbalance with the reference stand- 
ard pigment. Then add the correct 
amount of the “reduction paste” (zinc 
oxide oil paste) to the sample and the 
reference standard. Thoroughly mix 
each of the pastes on the flat glass or 
flexible celluloid sheets and transfer 
samples to the slab, mixing them thor- 
oughly with the spatula only until no 
more streaking is noticeable. 

(5) Place the sample and reference 
standard in juxtaposition on the bright 
tin or clear glass panel. Make the daub 
of each at least 1 in. in width and about 
2 in. in length and draw the scraper 
lightly over the pastes to even off the 
ridge and so present both daubs on an 
even plane. Judge the color immedi- 
ately. If glass is used, observe the rub- 
outs from the top and not through the 
glass panel. 

Note 1.— The following pigment rub-out 
scheme is outlined for the convenience of the 
operator. Because of the difference in oil ab- 
sorption of similar pigments made by different 
manufacturers, the pigment rub-out scheme can 
necessarily serve only as a guide in the work. 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


PIGMENT RUB-OUT SCHEME 


c.p. Iron blues 

c.p. Light and medium para 

toners 

c.p. Dark para toners 

10 per cent Para toners on whit- 
ing 

c.p. Toluidine 

c.p. Light chrome green 

c.p. Medium chrome green 

c.p. Deep chrome green 

2S per cent Grinder’s green, 

light 

2S per cent Grinder’s green, 

medium 

25 per cent Grinder’s green, 

deep 

c.p Chromium oxide 

c.p. Primrose chrome yellow 

c.p. Light chrome yellow 

c.p. Medium chrome yellow . . . . 

c.p. Dark chrome yellow 

c.p. Zinc yellow 

English Vermillion 

Ultramarine blue 

Cobalt blue 

High strength carbon black . . . , 

Bone black 

Lampblack 

Carbon black 

Ferrite yellow 

French yellow ochre 

Light red oxide 

Indian, Spanish, Venetian, 
Persian Gulf oxides and me- 
tallic brown 

Raw and burnt sienna. 

Raw and burnt umber 


2 to 0.1 
5 to 0.1 
2 to O.l 
2 to 0.1 
2 to 0.1 

2 to 0.1 
2 to 0.1 

2 to 0.1 
2 to 0.1 
2 to 0,1 
2 to 0.1 
2 to O.l 
2 to 0.1 
2 to O.l 
2 to 0.1 
2 to 0.1 
2 to 0.1 
S to 0.1 
2 to 0.1 
S to 0.1 
S to 0.1 
2 to 0.1 
2 to 0.1 
2 to 0.1 


2 to 0.1 
2 to 0.1 
2 to 0.1 


Note 2. — In many cases, the paint manu- 
facturer producing industrial, freight car, ma- 
rine, barn, or anticorrosive paints is interested 
in wetting the pigment with the vehicle. Such 
methods of grinding in oil do not reduce the 
particle size or develop additional tinctorial 
value of the pigment. The covering power of 
such paints is therefore dependent upon the 
degree to which the color manufacturer de- 
velops the pigment used in such products. The 
muUer tests do not determine the true value of 
colors for this purpose. The grinding action of 
the muller develops the tinctorial value and 
hiding power of the pigment to a much greater 
extent than when the pigment is ground in oil 
on a loosely set stone miU. Comparative muller 
and stone grinding tests show that fifty mulls 
with no weight on the muller are equivalent to 
a loose grind on a paint mill in which the pig- 
ment is thoroughly wetted. It is recommended 
that this test be used in determining the true 
value of these pigments for paints wherein the 
pigment receives little or no grinding in the 
paint mill. 
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Note 3. — For the most exact determination 
of mass color and ultimate tinting strength, it 
is recommended that the following procedure be 
employed; The comparison of all samples shall 
be made at the same or equal consistency and 
this consistency shall be such that the paste 
can just be thrown from the spatula by a gentle 
whipping motion of the hand or by the tapping 
of the spatula blade with the index finger. 

Note 4. — To deternaine the percentage 
strength of the sample of the color in terms 
of the reference standard, var3ring amounts of 
the mulled paste of the standard color are 
mixed with the same amount of reduction paste 
to give a series of reference standards. The 
sample is compared to determine the reference 
standard it matches. The tinting strength of 


the sample is calculated as follows: The ratio 
of the amount of the reference standard color 
used to give equality of tint, to the amount of 
sample used, multiplied by 100, is the tinting 
strength of the sample. 

Tinting Strength op Pastes 

Procedure 

6. When the sample is in the paste 
form as a color in oil or color in japan, 
the tinting strength shall be determined 
in accordance with the procedure de- 
scribed in Section 4 (b) and continuing 
in Section 5 (a) and (6). 



Standard Methods of 

SAMPLING AND TESTING ALUMINUM POWDER AND PASTED 


A.S.T.M. Designation: D 480 - 44 
Adopted, 1944,^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 480; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the procedure 
for the sampling, qualitative analysis, 
and physical testing of aluminum powder 
and aluminum paste for paint. 

Sampling 

2. (fl) Subject to mutual agreement 
between the seller and the purchaser, 
one package shall be taken as a repre- 
sentative sample from each lot of 1000 
packages or fraction thereof. Whenever 
possible, the original unopened package 
of the material to be tested shall be sent 
to the laboratory. If it is not possible 
to send the original package, the inspec- 
tor representing the purchaser shall 
thoroughly mix the contents of the 
container and take a sample of not less 
than 0.5 lb. (0.227 kg.). This sample 
shall be placed in a clean, dry, metal or 
glass container which shall be nearly 
filled, then closed with a tight cover, 
sealed, marked, and sent to the labora- 
tory for test. 

* Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T,M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1938 to 1944, being revised in 
1941 and 1942. 


(6) When requested, a duplicate sam- 
ple may be taken from the same package 
and delivered to the seller, and the in- 
spector may take a third sample to hold 
for test in case of disagreement. 

Qualitative Analysis 

3, (a) Aluminum Powder . — Wash ap- 
proximately 0.5 g. of the aluminum 
powder with ether to remove most of the 
ktty or oily matter. Place the powder 
in a beaker and add 50 ml. of diluted 
HCl (1:1). If an appreciable amount of 
insoluble matter remains after the ad- 
dition of the acid, the powder does not 
conform to the specifications. Dilute a 
portion of the HCl solution and saturate 
with H 2 S. No appreciable precipitate 
should form with pure aluminum powder. 
To another portion of the HCl solution 
add a slight excess of NH4OH (sp. gr. 
0.90) and note the characteristic pre- 
cipitate of A1(0H)3 (Note). 

(5) Aluminum Paste . — Volatilize the 
solvent from an approximately 0.5-g. 
sample of the aluminum paste, wash the 
residue with ether to remove most of the 
fatty and oily matter. Treat the sample 
in accordance with the procedure de- 
scribed in Paragraph {a) (Note). 
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Note— I n general these qualitative tests will 
suffice, but if doubt exists as to the purity of the 
powder or paste, a complete qualitative analysis 
shall be made. If the qualitative analysis 
indicates impurities in excess of the amount 
permitted, the total impurities shall be de- 
termined in accordance with the Tentative 
Methods of Chemical Analysis of Aluminum and 
Aluminum Alloys (A.S.T.M. Designation: E 34) 
of the American Society for Testing Ma- 
terials.® 

Leafing Properties 

4. (a) Apparatus. — The apparatus shall 
consist of the following: 

(1) Spatula. — A polished steel spatula, 
having the following dimensions: 

Length of blade not less than 5,5 in. 

Width of blade 0.540 ± 0.002 in. 

Thickness of blade: 

1 cm. from tip 0.013 ± 0.003 in. 

10 cm. from tip 0.038 ± 0.004 in. 

(2) Test Tube. — A test tube 6 in. in 
length by f in. in diameter. 

(3) Glass Cylinder. — A glass cylinder 
8 in. in length and 1|- to 2 in. in inside 
diameter. A cork stopper shall be used 
and the spatula shall be attached to the 
cork so as to hang vertically in the 
cylinder with the tip about 1 in. from the 
bottom. 

(&) Reagents. — The following reagents 
will be required : 

(1) Coumarone-Indene Resin having 
the following properties : 

Melting point 127 to 137 C. 

Specific gravity 1 . 07 to 1 . 09 

Acid number, max 0.5 

(2) Petroleum Spirits conforming to 
the Standard Specifications for Petro- 
leum Spirits (Mineral Spirits) (A.S.T.M. 
Designation: D 235) of the American 
Society for Testing Materials,^ and in 
addition having the following properties: 

Specific gravity at 60 F 0.793 to 0.795 

Surface tension at 70 F., min. 27.0 dynes per cm. 

3 A.S.T.M, Methods of Chemical Analysis of Metals 
(1943). 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


(c) Preparation of Leaf-Testing Vehi- 
cle.— The resin shall be ground to pass a 
No. 100 (149-micron) sieve. A solution 
shall be prepared by dissolving 30 g. of 
the resin in 100 ml. of petroleum spirits, 
while heating gently. The specific 
gravity of the solution shall be between 
0.875 and 0.882 at 60 F. It shall be 
allowed to settle and the clear portion 
retained for use. 

(d) Weight of Sample . — Unless other- 
wise specified, the weight of sample shall 
be as follows: 


Classification 

A.S.T.M. 

Designation® 

Type^ 

Weipt 

Sample 

g- 

Aluminmn powder 

D 266 1 

A 

B 

2 

1 

Aluminum paste 

D 474 1 

A 

B 

l.S 


1.5 


“These designations refer to the following specifica- 
tions of the American Society for Testing Materials: 

Standard Specifications for Aluminum Powder for 
Paints (Aluminum Bronze Powder) (A.S.T.M. Designa- 
tion; D 266) and 

Standard Specifications for Aluminum Pigment Paste 
for Paint (A.S.T.M. Designation: D 474).* 

" Type A aluminum pigment is known commercially 
as “standard fineness” and type B as “extra fine lining.” 

(e) Procedure (Note). — Make the test 
at a room temperature of 25 ± 2 C. 
Place 5 ml. of the leaf testing vehicle in 
the glass cylinder and cover with a watch 
glass, then transfer 25 ml. of the vehicle 
to a clean container. Weigh the re- 
quired sample of aluminum powder or 
paste to the nearest 0.01 g. and transfer 
to a small dish. Add about 2.5 ml. of 
the 25 ml. quantity of vehicle and mix 
to a stiff paste with a spatula or small 
stiff brush. Add approximately 5 ml. 
more of the vehicle and stir to a smooth 
mixture, then add the remainder of the 
vehicle and continue stirring to obtain 
complete dispersion. Immediately 
transfer enough of the mixture to the 
test tube to give a depth of about 11 cm. 
when the specified spatula is immersed. 
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Any bubbles on the surface of the liquid 
may be removed by dipping and with- 
drawing the end of the spatula a few 
times. Dip the spatula to the bottom 
of the mixture and rotate it gently 
through an arc of about 90 deg. for 10 
sec. Formation of bubbles shall be 
avoided. Withdraw the spatula at a 
uniform rate of not less than 5 cm. per 
sec. The spatula should not touch the 
wall of the test tube above the liquid 
level. Use a stop watch to time the 
speed of withdrawal. Immediately sus- 
pend the spatula vertically in the glass 
cylinder and allow to remain for 3 min. 
Measure the height of immersion and the 
height of complete leafing on both sides 
of the spatula, measuring to the bottom 
of the meniscus in each case. 

Clean the spatula by rinsing it in 
petroleum spirits and wipe dry with a 
clean cloth. Stir the mixture in the 
test tube and repeat the determination. 
Make five determinations in all. 

(/) Calculation and Report. — (1) Cal- 
culate the leafing value as follows: 

Leafing height of complete leafing 

value == — ■ : ' : , ;; ; X 100 

height of immersion 

(2) Report the average of the, five 
determinations as the leafing value of 
the pigment (Note). The limit of accu- 
racy of this test is plus or minus 5 per cent 
of the leafing value. Report the weight 
of sample taken for the leafing test. 

Note. — The leafing test conditions specified 
are selected arbitrarily, and even though the 
numerical leafing value obtained by this test 
appears to be low, the pigment may give sub- 
stantially perfect leafing under the conditions 
of practical application in a paint. 

Brushing, Smoothness, Luster, and Gen- 
eral Appearance 

5. {a) Aluminum Powder .' — Compare 
the sample of aluminum powder to be 
tested with a sample mutually agreed 


upon by the purchaser and the seller. 
Prepare separate mixtures of each of the 
samples, using the same vehicle, in ac- 
cordance with the procedure described in 
the test for leafing properties in Section 
4. Allow the mixtures to stand for 2 hr. 
after the first stirring. Then stir each 
thoroughly again and apply by brushing 
to a clean, smooth glass or metal sur- 
face and also to white index cards of good 
quality. Allow the coatings to dry in a 
nearly vertical position, and by visual 
inspection compare the smoothness, 
luster, and general appearance of each 
coating. 

(b) Aluminum Paste . — Compare the 
sample of aluminum paste to be tested 
with a sample mutually agreed upon by 
the purchaser and the seller. Prepare 
separate mixtures of each of the samples, 
using the same vehicle, in accordance 
with the procedure described in the test 
for leafing properties of aluminum pow- 
der in Section 4, using 10 g. of type A 
paste and 6 g. of type B paste. Allow 
the mixtures to stand for 10 min. af- 
ter the first stirring. Then stir each 
thoroughly again and apply by brushing 
to a clean, smooth glass or metal sur- 
face and also to white index cards of good 
quality. Allow the coatings to dry in a 
nearly vertical position, and by visual 
inspection compare the smoothness, 
luster, and general appearance of each 
coating. 

Coarse Particles 

6. (a) Aluminum Powder . — Fill two 
straight-wall containers approximately 
12 in, in diameter to a depth of 
not less than 4 in. with petroleum 
spirits, and fill a third similar container 
to a depth of not less than 3 in, with 
acetone. The petroleum spirits used 
for the test shall conform to the Stand- 
ard Specifications for Petroleum Spirits 
(Mineral Spirits) (A.S.T M. Designa- 
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tion: D 235)/ and the acetone shall 
conform to the Standard Specifications 
for Acetone (A.S.T.M. Designation: 
D 329) of the American Society for 
Testing Materials.^ Weigh 5 g. of the 
sample, transfer to a 250-m]. beaker, 
and add in small portions a total of 
about 150 ml. of petroleum spirits, 
mixing thoroughly to a uniform, con- 
sistency after each addition. Clamp a 
standard sieve*^ 8 in. in diameter just 
above the level of the petroleum spirits 
in the first container and pour the sam- 
ple on the sieve, using a No. 100 (149- 
micron) sieve for type A powder and a 
No. 325 (44-micron) sieve for type B 
powder. Rinse the beaker with clear 
petroleum spirits and transfer the rins- 
ings to the sieve. Holding the sieve at a 
slight angle, shake it backward and 
forward, working the sieve alternately 
just under and just above the level of 
the liquid. It is important that the 
material be thoroughly sieved in each 
container. After the bulk of the sample 
has passed through the sieve (time re- 
quired usually about 2 min,) repeat the 
procedure in the second container for 
about 2 min. When it is evident that 
practically none of the residue on the 
sieve is passing through it, repeat the 
procedure in the acetone container for 
about 2 to 3 min., until nothing more 
passes through the sieve. Rinse the 
sides of the sieve with a small stream 
of acetone, and collect the residue at one 
side of the sieve. Transfer the residue 
to a dried and weighed aluminum cup 
or small evaporating dish with a small 
stream of acetone, using not less than 
15 to 25 ml. Place the aluminum cup 
or dish in an oven, evaporate to dryness 
at 105 to 110 C., and continue heating 
at this temperature for 15 min. {Cau- 

Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves for Testing Pur- 
poses (A.S.T.M. Designation: E 11), which appears in 
this publication, see Contents in Numeric Sequence of 
A.S.T.M. Designations at front of book. 


tiok: Do not close the door of the oven 
while evaporating the acetone, as there 
is danger of explosion or flash of acetone 
vapor.) Cool the dish and weigh. 
Calculate the residue retained on the 
sieve from the increase in weight as 
follows: 


Residue retained 
on sieve, per cent 


wt. of residue 


X 100 


wt. of sample 

Note 1. — ^The end point of the sieving is 
easily observed after a few tests have been made. 
The total time for actual sieving should not be 
more than 15 min. No brush or other aid shall 
be used during the sieving. It is necessary that 
all lumps of pigment be thoroughly dispersed in 
the petroleum spirits while in the beaker before 
transferring to the sieve. 

Note 2. — ^Results tend to increase as the 
acetone becomes fouled with particles of powder. 
It is therefore important to filter the acetone 
regularly. 

Note 3. — k correction factor shall be applied 
in the case of sieves used in the test that have 
not been certified by the National Bureau of 
Standards. Sieves having a correction factor 
above 1.2 or below 0.8 should not be used. 
The correction factor may be calculated as 
follows: Determine the coarse particles of a 
sample on a master sieve certified by the Na- 
tional Bureau of Standards following the proce- 
dure described in Paragraph (o). Sieve the 
same sample on tlie unknown sieve by the same 
procedure. Assuming that the residue retained 
on the certified sieve is 1.0 per cent, and that the 
residue on the unknown sieve is 1.2 per cent, 
then the correction factor is 0.833. 


{b) Aluminum Paste , — Determine the 
percentage of coarse particles in alu- 
minum paste in accordance with the 
procedure described in Paragraph (a), 
using a No. 325 (44-micron) sieve for 
all types of paste. 


Easily Extracted Fatty and Oily Matter 

7. {a) Aluminum Powder . — Weigh 
accurately approximately 2 g. of the 
sample, transfer to a 200-ml. volumetric 
flask and add about 50 ml. of redistilled 
acetone. The acetone used for this 
test shall, conform to the Standard 
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Specifications for Acetone (A.S.T.M. 
Designation: D 329) of the American 
Society for Testing Materials.^ Heat 
the mixture to boiling, agitating oc- 
casionally, cool, fill to the mark, with 
acetone and mix. Allow the mixture 
to settle, draw off about half of the 
supernatant liquid, and filter through 
dry paper. Discard the first 10 ml. of 
the filtrate, transfer 100 ml. of the clear 
filtrate to a weighed dish, evaporate 
the acetone at a temperature not above 
75 C., heat the dish for 15 min. in an 
oven at 105 to 110 C., cool, weigh, and 
calculate the percentage of fatty and 
oily matter. 

Note. — T his is an arbitrary method and 
the details of the test procedure shall be strictly 
followed. 

{b) Aluminum Paste . — Determine the 
percentage of easily extracted fatty and 
oily matter in aluminum paste in ac- 
cordance with the procedure described 
in Paragraph (a). 

Stability 

8. Aluminum Paste.— Add 1 ml. of 
water to a |-pt. tin-plated container 
approximately 21 in. in diameter and 2 
in. in height, provided with a double- 
friction type seat cover (Note 1). 
Place the cover loosely on the container 
and heat in a low-temperature oven until 
the water is vaporized, remove from 
the oven, and cool so that the water will 
condense on the surface of the can. 
Weigh 100 g. of the paste and place in 
the container, with a minimum dis- 


turbance of the droplets of water. By 
means of a spatula, break up the paste 
so as to provide maximum exposure to 
the moisture. Place the cover on the 
can and seal tightly. Heat in a thermo- 
statically-controlled oven at 45 ± 0.5 
C. for a period of 24 hr. Mix the paste 
which has been heated in the presence 
of moisture, with varnish in the pro- 
portions of 10 g. of type A paste, or 6 
g. of type B paste, with 40 ml. of 
varnish (Note 2). The resulting paint, 
when brushed on metal or glass panels 
and allowed to dry in a vertical position, 
shall present the brilliant, lustrous sur- 
face which is characteristic of an accept- 
able aluminum paint. The finish shall 
be practically equivalent to the finish 
obtained from a mixture prepared with 
a sample of the same paste without the 
addition of water and heating. 

Note 1. — It is important that the size of the 
container used shall be as specified. 

Note 2. — A varnish conforming to the 
Federal Specification for Mixing Varnish for 
Aluminum Paint (TT-V-81a) is suitable for this 
purpose. 

Nonvolatile Matter 

9. Aluminum Paste . — Weigh 5 g. of 
the paste into a tared evaporating dish. 
Heat in an oven at a temperature of 105 
to 110 C. for 3 hr., cool, and weigh. 
Calculate the percentage of nonvolatile 
matter in the sample from the loss in 
weight, as follows: 

Nonvolatile matter, per cent = 

'4^^'XIOO 

wt. of sample 


APPROVED AS 
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Standard Method of Test for 

ACETONE EXTRACT IN DRY LAMPBLACK AND 
DRY BONE BLACKS 



A.S.T.M. Designation: D 305 - 31 

Adopted, 1931.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 305; the final number, indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers the rou- 
tine determination of acetone extract in 
lampblack and bone black (Note 1). 

Note 1. — This is an arbitrary method and 
the details should be followed strictly. It is 
practically impossible to remove all matter 
soluble in acetone from lampblack. (See 
Goodwin and Park, Industrial and Engineering 
Chemistry, V 0 I. 20, No, 6, p. 621 (1928).) 

Procedure 

2, Weigh a sample of about 2 g., 
transfer it to a 200-mL volumetric flask, 
and add about 50 ml. of acetone 
(Note 2). Heat the solution to boiling 
(Note 3), cool, dilute to the mark with 
acetone, and mk thoroughly. Allow to 

_ 1 Under the standardization procedure ol the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Prior to adoption as standard, this method was 
published as tentative from 1929 to 1931. Editorially re- 
vised and rearranged in 1939. 


settle, draw off about 120 ml. of the 
supernatant liquid, and filter it through 
a dry filter paper in a dry funnel, receiv- 
ing the filtrate in a dry vessel. Discard 
the first 10 ml. of the filtrate, and trans- 
fer exactly 100 ml. of the clear subse- 
quent filtrate to a dry, weighed dish. 
Evaporate this filtrate at a temperature 
not exceeding 75 C. After evaporation, 
heat the dish with the residue for 30 
min. in an oven at 100 to 105 C., cool, 
and weigh. Run a blank determination 
with an equal volume of the acetone 
(Note 2), and correct the final weight 
accordingly. Calculate the percentage 
of acetone extract. 

Note 2. — ^The acetone should be redistilled 
before using. 

Note 3. — The first boiling and the evapora- 
tion may be carried out with proper regulation 
on a steam bath, but an electric hot plate or 
heater is preferable. 
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Standard Method of 

CHEMICAL ANALYSIS OF DRY CUPROUS OXIDE' 



A.S.T.M. Designation: D 283 - 39 
Adopted, 1929; Revised, 1933, 1936, 1939.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 283; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1, This method describes procedures 
for the chemical analysis of dry cuprous 
oxide pigment. 

Treatment of Sample 

2. Dry pigments, if lumpy or not 
finely ground, shall be ground to a fine 
powder and thoroughly mixed (Note 1). 
Large samples may be thoroughly mixed 
and a representative portion taken and 
powdered if lumpy or not finely ground. 
The sample in all cases shall be thor- 
oughly mixed before taking portions for 
analysis. All samples shall be preserved 
in stoppered bottles or containers (Note 
2). Commercial copper oxides appear 
to segregate rather easily. Therefore, 
the thorough mixing of the sample to 
insure homogeneity is an extremely 
important factor in obtaining concordant 
results. 

Note 1. — It is very important that the 
sample be thoroughly mixed. Some samples 
of cuprous oxide are not homogeneous, and for 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1928 to 1929. 


this reason are likely to give trouble when an 
attempt is made to obtain concordant results. 
By placing a few grams of a sample on a sheet 
of white paper, and drawing it out with a 
spatula, it is frequently found that the sample 
contains coarse particles of black scale, along 
with small balls of bright red cuprous oxide. 
Thus it may be necessary to grind such a prod- 
uct thoroughly in a mortar and pestle, in order 
to make it homogeneous. It is possible that 
during this operation a slight oxidation may 
take place. 

Note 2. — Caution should be used in pro- 
tecting the sample from oxidation. 

Total Copper 

Procedure 

3. Weigh accurately a dry sample of 
from 0.15 to 0.2 g. of the material, trans- 
fer it to a 250-mL beaker, add 10 to 15 
ml. of HCl (sp. gr. 1.19) and 1 to 2 ml. 
of HNO3 (sp. gr. 1.42), and boil for 
several minutes. Add 10 ml. of HaSOi 
(sp. gr. 1.84) and heat until copious 
fumes of sulfuric acid are evolved. 
Cool, add cautiously, while stirring, 50 
ml. of cold water, and boil to dissolve 
the sulfates. Cool, filter off any in- 
soluble matter (SiOa, PbS 04 , etc.), and 
wash the filter and residue until free 
from copper with a cold H2SO4 solution 
(1:99), catching the filtrate and wash- 
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ings in a 250-ml. beaker, keeping the 
total volume of the solution down to 
about 150 ml. Place in the solution a 
piece of clean, pure sheet aluminum hav- 
ing a minimum purity of 99.80 per cent 
and containing a maximum of 0.02 per 
cent copper. The sheet aluminum is 
convenient to use in the form of a 
cylinder about 3.5 to 4 cm. in diameter 
by 3.5 to 4 cm. in height, with a small 
extending piece about 7 to 8 cm. in 
height as a means of removing the cylin- 
der. Cover the beaker and heat to 
gentle boiling for about 30 min. or until 
the copper is completely precipitated 
as a metallic sponge on the aluminum. 
Thoroughly wash the copper sponge from 
the aluminum into a 250-ml. beaker and 
carefully examine the aluminum sheet 
for any remaining particles of copper. 
Wash the copper sponge several times 
by decantation with hot water, filtering 
the wash water through a 9-cm. filter 
paper but retaining the copper as com- 
pletely as possible in the beaker. The 
filtrate and washings may be discarded 
or used for the determination of iron, 
if present (Note 4). Add from 10 to 15 
ml, of ferric chloride - hydrochloric acid 
solution (prepared by dissolving 250 g. 
of FeClv6H20 in 500 ml. of HCl (1:1)), 
on the filter paper, catching this in the 
beaker containing the copper sponge. 
The copper generally dissolves in a few 
minutes without the need of heating. 
Break up any large particles of the cop- 
per sponge with a stirring rod. When 
the copper is completely dissolved, wash 
the filter thoroughly with cold water and, 
finally, dilute the filtrate to about 200 
ml. with cold water, add 5 ml. of syrupy 
phosphoric acid, then 3 drops of indica- 
tor. Titrate the cold solution at once 
with 0.1 N KaCr-aO? solution (1 ml, of 
exactly 0.1 iV KaCroOr is equivalent to 
0.0032 g. Cu.). 

Note 3. — A microscopic examination is help- 
ful in showing the presence of metallic Cu, red 


CuaO, and CuO. Washing some of the sample 
through a fine sieve (No. 325) may reveal the 
presence of metallic copper retained on the 
sieve. 

Note 4. — Commercial cuprous oxides may 
contain moisture and small amounts of iron, 
chlorine, oil, and acid insoluble matter. 

Metallic Copper and Cuprous 

OXIDE^ 

Apparatus 

4. Filter.^ — The filter consists of a 55- 
mm. filter tube of the type used for 
small Gooch crucibles. In the opening 
place a perforated porcelain button and 
seat it at right angles to the stem. 
Build up an asbestos pad over the but- 
ton and securely set it by tamping with a 
glass rod. The filter must be packed in 
such a way that the tube may be held 
in an inverted position without dislodg- 
ing either the disk or the pad. It has 
been found that a tube about 60 by 25 
mm., with a stem 110 mm. in length, 
is a convenient size. A 20-mm, Gooch 
crucible button serves to support the 
asbestos pad. 

Special Solutions Required 

5. {a) Extraction Solution. — Dissolve 
6 g. of c. p. hydrazine sulfate in 1 liter 
of NH4OH (sp. gr. 0.90). 

(6) Ferric Chloride Solution. — Add 
150 g. of FeCb* 61120 and 300 ml. of 
HCl (sp. gr. 1.19) to 800 ml. of air-free, 
carbon dioxide-saturated water. 

(c) Indicator. — Shake 2 g. of barium 
diphenylamine sulfonate,® 50 ml. of car- 
bon dioxide-saturated distilled water, 
and 5 g. of sodium sulfate until a uni- 
form suspension of barium sulfate is 
obtained. Dilute the suspension with 
50 ml. of water and allow to settle. 

» L. C Hurd and A. R. Clark, “Determination of 
Metallic Copper in Cuprous Oxide - Cupric Oxide Mix- 
ture," Indttsirial and Engineering CAemwiry, Analytical 
Edition, Vol. 8, No. S, p. 380 (1936). 

* For further information on the filter see W. Geilman, 
and F. Z. Weibke, Zeitschrifl Jar anorganische. und all- 
gemeine Chemie, Voi. 199, p. 120 (1931). 

5 Bariiuu diphenylamine sulfonate may be obtained 
from the Eastman Kodak Co. 
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When clear, decant the supernatant 
liquid through a filter and preserve in a 
dark bottle. 

(d) Phosphoric Acid . — Prepare a solu- 
tion of 85 per cent reagent ortho-phos- 
phoric acid conforming to specifications 
of the American Chemical Society. 

{e) Potassium Bichromate Solution 
(0.1 N ). — Dissolve 4.903 g, of reagent 
quality K 2 Cr 207 m water, and dilute 
to 1 liter. 

(/) Water . — Boil vigorously distilled 
water for several minutes and allow to 
cool in an atmosphere of COg. Allow a 
slow current of CO 2 to pass conthiuously 
through the storage bottle. 

Procedure for Metallic Copper 

6. (a) Weigh accurately a sample of 
suitable size on a small watch glass, and 
place the glass and contents in a dry, 
wide-mouth 250-ml. Erlenmeyer flask. 
If the material is an electrolytic product 
low in copper, it is advisable to take a 
1 to 2-g. sample. If it is from a “ther- 
mal process,” the percentage of copper 
is usually large and a smaller sample will 
suffice. Displace the air in the flask 
with CQ 2 (15 to 20 cu. ft. per hr.) and 
add 10 ml. of ethyl alcohol to dissolve 
any oil present in the sample. Without 
interrupting the flow of CO 2 , add 150 mi. 
of extraction solution (Note 5). Break 
up any lumps of oxide with a stirring 
rod by gentle stirring (grmding of the 
sample with the stirring rod is not neces- 
sary). Avoid violent agitation and 
swishing of the solution. The CO 2 inlet 
should be about 5 cm. (2 in.) above the 
surface of the liquid (Note 6). The 
time required for complete solution of 
all CU 2 O varies between 1 and 7 min. 
depending upon the amount and charac- 
ter of the sample under investigation. 

(6) When the CU 2 O has completely 
dissolved, as evidenced by the total dis- 
appearance of red particles, connect the 
filter to a suction and slowly lower it 


into the flask. As soon as the bulk of 
the solution is removed, rinse the flask 
with GO 2 saturated water and continue 
the filtration and washing. Five or six 
100-ml. portions of wash water will 
sujffice to remove all the original extrac- 
tion solution containing the dissolved 
CU 2 O. It is not necessary that the final 
wash water remaining in the filter tube 
be entirely removed. Then disconnect 
the filter and push the pad and contents 
back into the flask with a glass rod. 
Add 15 ml. of FeCh solution and warm 
the flask on a hot plate to just below the 
boiling point of the solution to dissolve 
the cupric oxide - copper residue. When 
all particles have disappeared, cool the 
solution to below 40 C. and add 10 ml, 
of phosphoric acid and 3 drops of indica- 
tor. Titrate the solution (in an atmos- 
phere of CO 2 ) by running the K 2 Cr 207 
solution into the flask. The end point 
is evidenced by a change from pea green 
to an intense purple color. 

(c) Calctdation . — Calculate the per- 
centage of Cu present (Note 7) 


Cu, per cent 


^ X B X 0.03179 
C 


X 100 


where: 

A - normality of K 2 Cr 207 , 

B = milliters of K 2 Cr 207 , and 

C = weight of sample in grams. 

Note S.— If the ammonium hydroxide - hy- 
drazine sulfate solution is allowed to stand in 
contact with the samples for more than 10 
min., the loss in copper may amount to more 
than 2 mg. 

Note 6. — Care must be taken not to allow 
the extraction solution to become saturated 
with carbon dioxide. The gas inlet to the flask 
should not be placed beneath the surface of the 
liquid, to avoid solubility errors. 

Note 7. — Commercial samples of cuprous 
oxide have shown from 0.22 to 11.8 per cent Cu. 

Procedure for Cuprous Oxide 

7. Dissolve 0,2 g. of the sample in 
ferric chloride and titrate the ferrous 
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iron produced with K2Cr207 in the man- 
ner described. It is essential that the 
solution of the sample be carried out in 
an atmosphere of CO 2 or other inert gas. 
From the volume of K2Cr207 solution 
equivalent to both CU 2 O and Cu, calcu- 
late the true percentage of CU 2 O in the 
sample according to the following for- 
mula (Note 8) ; 

CU 2 O, per cent ^ (A- B)X 0.07157 X iV X 100 
where; 

A == miUiters of K2Cr207 required for 
Cu plus CuoO in 1 g. of sample, 
B = milliliters of K 2 Cr 207 required 
for Cu in 1 g. of sample = 
percentage of copper, 

N X 0.03179 X 
N = normality of K 2 Cr 207 . 


Note 8. — The calculation of the percentage 
of CuiO is simplified if the sample taken for the 
copper determination be a simple multiple of 
that in the oxide analysis. In actual practice 
it has been found that a 1.000-g. sample for 
metallic copper and a 0.2000-g. sample for 
cuprous oxide are of convenient size. In this 
case one-fifth of the volume K 2 Cr 207 solution 
used in the determination of metallic copper is 
subtracted from the total titration of the smaller 
sample to give the volume of K 2 Cr 207 solution 
actually equivalent to the cuprous oxide in the 
sample. 

Report 

8. Report the metallic copper (Cu) 
and the cuprous oxide (CU 2 O). Sub- 
tract the copper equivalents from the 
percentage of total copper as determined 
in Section 2, calculate the remainder to 
cupric oxide and report as percentage of 
CuO (Cu X 1.252 = CuO). 
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Standard Method of 

CHEMICAL ANALYSIS OF DRY MERCURIC OXIDE^ 



A.S.T.M. Designation: D 284-33 
AdopteDj 1929; Revised, 1933.® 

This Standard of the American Society for Testing Materials is issued under 
the 6xed designation D 284; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method covers procedures for 
the chemical analysis of dry mercuric 
oxide pigment. 

Treatment of Sample 

2. If the pigment is lumpy or not 
finely ground, it shall be ground to a 
fine powder and thoroughly mixed. 
Large samples may be thoroughly mixed 
and a representative portion taken and 
powdered if lumpy or not finely ground. 
The sample shall in all cases be thor- 
oughly mixed before taking portions for 
analysis. All samples shall be preserved 
in stoppered bottles or containers. 

Alkalinity or Acidity 

3. Determine the alkalinity or acidity 
of the sample in accordance with the 
Standard Method of Test for Alkalinity 
or Acidity of Pigments (A.S.T.M. Desig- 
nation; D 278) of the American Society 
for Testing Materials.^ 

_ > Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A,S,T.M. 
Committee D-1 on Taint, Varnish, Lacquer, and Related 
Products. 

® Prior to adoption as standard, this method was 
published as tentative from 1928 to 1929. Editorially re- 
vised and rearranged in 1939, 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M . Designations at front of book. 


Free Mercury 

4. Examine a representative sample 
of the dry mercuric oxide under a micro- 
scope for the presence of free mercury 
globules. 

Combined Mercuric Mercury 

5. Special Solutions Required', (a) 
Aqua Regia. — Mix one volume of HNO3 
(sp. gr. 1.42) and three volumes of HCl 
(sp. gr. 1.19). 

(6) Ammonium Monosulfide. — Pre- 
pare fresh by saturating three volumes 
of NH4OH (sp. gr. 0.90) with HsS and 
then adding two volumes of NH4OH 
(sp. gr. 0.90) to the saturated solution. 

(c) Ammonium Foly sulfide. — Dis- 

solve 25 g. of “flowers of sulfur” in a 
mixture of 500 ml. of ammonium mono- 
sulfide and 500 ml. of water. 

6. (a) Frocediire in the Absence of 
Other Metals Frecipitable as Sulfides . — 
Weigh accurately a dry sample of 0.5 g. 
of the material, transfer it to a 400-mi. 
beaker, add a solution of 40 ml. of water 
and 25 ml. of HCl (sp. gr. 1.19), and 
stir until all soluble matter has dissolved. 
(Solution should be carried out as near 
room temperature as possible, since on 
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boiling solutions of mercuric chloride 
some of the HgCh may be volatilized.) 
Filter off any insoluble matter and wash 
with warm (not boiling) water until free 
of chlorides. If appreciable iron is pres- 
ent (otherwise omit this part of the pro- 
cedure), add sulfurous acid solution in 
slight excess to the filtrate or original 
solution to reduce the ferric iron, and 
warm (do not boil) to expel the excess of 
sulfur dioxide. Neutralize the solution 
with NH4OH, add 1 ml. of HCi (sp. gr. 
1.19) and 300 ml. of water. Pass H2S 
through the cold solution until saturated, 
when the precipitate of HgS readily set- 
tles leaving a clear supernatant liquid. 
Filter without delay on a weighed Gooch 
crucible, wash well (about six times) 
with cold distilled water and then three 
times with 10-ml. portions of cold 95 
per cent ethyl alcohol. Set the crucible 
in a small beaker, add sufficient carbon 
disulfide or carbon tetrachloride to cover 
the precipitate, cover the beaker with a 
watch glass, and let stand for about 30 
min. Lift the crucible out of the beaker, 
draining off the solvent, replace in the 
filtering tube, and wash the precipitate 
with CCI4 until 1 ml. of the filtrate 
leaves no visible residue after evapora- 
tion. Wash with three lO-ml. portions 
of cold 95 per cent ethyl alcohol and once 
with ethyl ether. Set the crucible on 
top of an oven until the ether has evapo- 
rated, then place it in the oven and dry 
to constant weight at 105 to 110 C. 
Cool, and weigh as mercuric sulfide 
(HgS) ; calculate the percentage of mer- 
cury (Hg) in the sample (HgS X 0.862 
= Hg). 

(6) Procedure in the Presence of Other 
Metals PrecipUable as Sulfides.— Treat 
a dry sample of 0.5 g. of the material as 
described in Paragraph (a) until the 
sulfides are precipitated, filter on a small 
paper, and wash with water containing a 
little H2S. Transfer the paper and pre- 
cipitate to a porcelain dish or casserole. 


spreading the paper out, cover with di- 
luted HNO3 (sp. gr. 1.2 to 1.3), cover 
with a watch glass, and boil several 
minutes. Dilute with water, filter on a 
small paper, and wash with hot water 
containing a little HNO3. Transfer the 
filter and precipitate to the porcelain 
dish or casserole, add a little aqua regia, 
heat gently until the HgS is dissolved 
and free chlorine expelled, filter off separ- 
ated sulfur (and PbS04 if present), wash 
the residue with hot (not boiling) water 
until free from chlorides. Nearly neu- 
tralize^ the filtrate with pure Na2C03, 
add a slight excess of freshly-prepared 
colorless ammonium monosulfide, and 
then, with constant agitation, a solution 
of pure NaOH (free from Ag, AI2O3, and 
Si02) until the dark liquid begins to 
lighten. Heat the solution to boiling 
and add more NaOH solution until the 
liquid is perfectly clear. The solution 
now contains the mercury as a thio-salt 
(Note). Add an excess of NH4NO3 and 
boil the solution until the ammonia is 
almost entirely expelled. Let the pre- 
cipitate settle, and decant the super- 
natant liquid through a weighed Gooch 
crucible. Wash the precipitate two or 
three times by decantation with water 
containing a little H2S, then by decanta- 
tion with hot water until the wash water 
no. longer reacts with AgNOs solution. 
Transfer the precipitate to the crucible, 
wash with 95 per cent ethyl alcohol, 
treat with CS2 or CCI4, and finally weigh 
the HgS, as described in Paragraph (a). 

Note.— I f some PbSOi should go into solu- 
tion with the mercury on treating with aqua 
regia, it will he converted by the ammonium 
sulfide and NaOH into insoluble PbS, which 
should be filtered off and washed with diluted 
NaOH solution. 

(c) Procedure in Presence of Arsenic, 
Antimony or Tin. — If the material con- 

< J. Volhard, Liebig’s Ann., Vol. 255, p. 255 (1889). 
Treadwell-Hall, Analytical Chemistry, Vol. II, pp. 169, 
194,235 (1914). 
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tains arsenic, antimony, or tin, treat a 
dry sample of 0.5 g. as described in 
Paragraph (a) until the sulfides are pre- 
cipitated, then filter on a small paper 
and wash with water containing a little 
H 2 S. Transfer the precipitate to a por- 
celain dish or casserole, cover with am- 
monium polysulfide, and warm gently 
for several minutes, stirring constantly. 
Filter on a small paper and wash with 
hot water containing ammonium poly- 


sulfide. From this point treat the pre- 
cipitate as described in Paragraph (Z>) for 
the HaS precipitate. 

Ash 

7. Ignite a dry sample of 2 g. of the 
material in a weighed porcelain crucible 
or dish under a well-ventilated hood (the 
fumes are poisonous). Cool and weigh 
the residue. Calculate the percentage 
of ash. 
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Standard Methods of 
CHEMICAL ANALYSIS OF DRY RED LEAD^ 



A.S.T.M, Designation: D 49 - 44 
Adopted, 1918; Revised, 1927, 1928, 1929, 1933, 1935, 1937, 1944,2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 49; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for the chemical analysis of dry red lead 
having the approximate formula PbaOi 
(probably Pb02*2Pb0), 

Treatment of Sample 

2. If the pigment is lumpy or not 
finely ground, it shall be ground to a fine 
powder and thoroughly mixed. Large 
samples may be thoroughly ipixed and a 
representative portion taken and pow- 
dered if lumpy or not finely ground. 
The sample in all cases shall be thor- 
oughly mixed before taking portions for 
analysis. All samples shall be preserved 
in stoppered bottles or containers. 

Moisture 

3. Dry 2 g. of the sample for 2 hr. at 
1G5 C. The loss in weight is considered 
as moisture. 

Organic Color 

4. Boil 2 g. of the sample with 25 ml. 
of 95 per cent ethyl alcohol, let settle, 

* Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 


decant the supernatant liquid; boil the 
residue with 25 ml. of distilled water 
and decant as before; boil the residue 
with 25 ml. of diluted NH4OH (1:4) and 
again decant. Boil another 2-g. portion 
of the sample with 25 ml. of chloroform, 
let settle, and decant the supernatant 
liquid. If any one of the above solutions 
is colored, organic coloring matter is 
indicated. If the solutions should re- 
main colorless, organic colors are prob- 
ably absent. 

Note. — If it is desired to test for organic 
colors resistant to the above reagents, the test 
procedures described in the following books 
may be used, taking into account the nature of 
the pigment involved: Zerr and Mayer, “Tests 
for Coal Tar Colors in Aniline Lakes”; Schultz 
and Julius, “A Systematic Survey of the 
Organic Coloring Matters”; Mulliken, “Identifi- 
cation of Pure Organic Compounds”; Com- 
mercial Dyestuff s,Yo\.Tn.. 

Total Lead and Insoluble Matter 

5. ifl) Treat 1 g. of the sample with 
15 ml. of HNO3 (1:1) and sufficient 
H 2 O 2 to dissolve all Pb 02 on warming. 
If any insoluble matter is present, add 


s Prior to adoption as standard, these methods were 
published as tentative from 1917 to 1918. 
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25 ml. of water, boil, filter, and wash 
with hot water. The insoluble matter 
contains free Si02 and should be ex- 
amined for BaSO.! and silicates, if ap- 
preciable, To the original solution or 
filtrate from the insoluble matter add 20 
ml. of H2SO4 (sp. gr. 1.84) and evaporate 
to SO3 fumes. Cool, add 150 ml. of 
water, and ISO ml. of 95 per cent ethyl 
alcohol, let stand cold for 2 hr,, filter 
on a Gooch crucible, wash with 95 per 
cent alcohol, dry at 105 to 110 C., and 
weigh as PbSO^. Calculate to PbO. 
Red lead is rarely adulterated, but 
should sample contain soluble barium 
compounds, the PbSO.i obtained above 
will contain BaSO.i. In this case, pre- 
cipitate the lead as sulfide from a slightly 
acid (HCl) solution, dissolve the PbS in 
hot diluted HNO3, and determine the 
lead as sulfate or chromate. If sample 
contains significant amounts of calcium 
or magnesium, boil the HNO3 - H2O2 
solution until all the lead is converted 
into nitrate and then determine the lead 
as PbCr04. 

Q}) If soluble barium, calcium, or 
magnesium are to be determined, pre- 
cipitate the lead as sulfide from a 
slightly acid solution (HCl), dissolve 
the PbS in hot diluted HNO3, and deter- 
mine the lead as sulfate. Boil the fil- 
trate from the PbS to expel H3S, add a 
little bromine water to oxidize iron (if 
present), boil to expel bromine, and pre- 
cipitate the barium with a few milliliters 
of H2SO4 (1.3), Filter and weigh as 
BaS04. Calculate to BaO or BaCOg. 
To the filtrate from the BaS04, add 
NH4OH in slight excess, filter off any 
precipitate of Fe(OH)3 + Al(OH)3, wash 
with hot water. Manganese, if present, 
can be precipitated by adding bromine 
and NH4OH and warming. Filter, wash 
with hot water, ignite, and weigh as 
Mn304. Unite all the filtrates, make 
slightly acid with acetic acid, heat to 
boiling and pass H2S into the hot solu- 


tion until saturated (20 to 30 min.) ; add 
5 g. of NH4CI and let stand 5 hr.; filter 
off any ZnS, wash with H2S water, dis- 
solve the ZnS in hot diluted HCl and 
determine the zinc by titration with 
K4Fe(CN)6. Or, boil off the HoS, filter 
out any separated sulfur and determine 
the zinc as Zn2P207. Calcium may be 
determined in the filtrate from the ZnS 
by expelling H2S and then adding 
NH4OH and ammonium oxalate. Ti- 
trate with KMn04. In the filtrate from 
calcium determine magnesium by pre- 
cipitating with sodium phosphate solu- 
tion, finally weighing as Mg2P207. 

Lead Peroxide (Pb02) and True Red 

Lead (PbsO.!) 

Note, — Method of DiehP modified by 
Topf^— not applicable when substances are 
present, other than oxides of lead, that liberate 
iodine under conditions given, or substances such 
as metallic lead which reduce PbO.j to PbO 
without the liberation of iodine. 

6. Solutions Required: (a) Red Lead 
Solution . — Dissolve in a large beaker 
(about 1.1 liter) 600 g. of reagent grade 
crystallized sodium acetate and 48 g. of 
c.p. KI in about 500 ml. of acetic acid 
solution (25 per cent) (made by mixing 
150 ml. of c.p. glacial acetic acid with 
450 ml. of distilled water). Warm the 
beaker and contents on a steam bath, 
stirring occasionally, until a clear solu- 
tion is obtained. Cool this solution to 
room temperature, dilute to exactly 1000 
ml. with the acetic acid solution (25 
per cent) and mix thoroughly. If pre- 
ferred, the red lead solution may be pre- 
pared separately for each titration, as 
follows: Dissolve 30 g. of the reagent 
grade crystallized sodium acetate and 
2.4 g. of c.p. KI in 25 ml. of the acetic 
acid solution (25 per cent), warming 
gently and stirring until a clear solution 
is obtained. Cool this solution to room 
temperature, dilute to 50 ml. with the 

» Dingl. polyt Jour., Vol. 2.16, p. 196. 

1 Zeiischrift far amlytitche Chemit, Vol. 26, p. 296. 
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acetic acid solution (25 per cent), and 
mix thoroughly. 

(b) Sodium. Thiostdfate Solution (0.1 
iV).— Dissolve 24.83 g. of c.p. sodium 
thiosulfate (Na 2 S 203 - 5 H 20 ), freshly 
pulverized and dried between filter 
paper, and dilute with water to 1 liter 
at the temperature at which the titra- 
tions are to be made. The solution is 
best made with well-boiled water free 
from CO 2 , or let stand 8 to 14 days be- 
fore standardizing. Standardize with 
pure, resublimed iodine, as described in 
Treadwell - Hall, “Analytical Chemis- 
try,” Sixth Edition, Vol. II, p. 551 
(1924) or in Hillebrand and Lundell, 
“Applied Inorganic Analysis,” p. 154 
(1929), and also against pure K.IO3; the 
two methods of standardization should 
agree within 0.1 per cent on iodine value. 

(c) Starch Solution . — Stir up 2 to 3 g. 
of potato starch with 100 ml. of salicy- 
lic acid solution (1 per cent), and boil 
the mixture until the starch is practically 
dissolved, then dilute to 1 liter (Note), 
or as per Lord.® 

Note: Lead Peroxide . — If sample contains 
an appreciable amount of nitrite (nitrate has 
no effect on method), leach but water-soluble 
matter as below, dry residue and determine 
PbOa as above, calculating to basis of original 
sample. 

7. Procedw-re,— Weigh 1 g. of the 
finely-ground sample, transfer to a 200- 
ml. Erlenmeyer fiask, add 20 ml. of dis- 
tilled water; then add as quickly as 
possible 40 ml. of the “red lead solution” 
at room temperature. If the sample is 
red lead which has been extracted from 
the paint or paste, in place of the distilled 
water use 10 ml. of a mixture of 7 parts 
by volume of chloroform and 3 parts by 
volume of c.p. glacial acetic acid, and 
then add without delay the red lead 
solution. Add 30 ml. of water contain- 
ing 5 or 6 g. of sodium acetate and 


titrate at once with NaaSaOa (0.1 N), 
adding the latter rather slowly and keep- 
ing the liquid constantly in motion by 
whirling the flask. When the solution 
has become light yellow, rub-up any 
undissolved particles with the rod until 
free iodine no longer forms, wash off rod, 
add the sodium thiosulfate solution until 
fale yellow, add starch solution, and 
titrate until colorless. Add the iodine 
solution. (0.1 N) until blue color is just 
restored and subtract the amount used 
from the volume of sodium thiosulfate 
that had been added. 

8. Calculation . — Calculate the lead 
peroxide and true red lead contents as 
follows: 

Pb02 = 5 X 0.942 
PbjOi = PbOa X 2.86616 = 5 X 2.7 

where: 

S = iodine value of the sodium thio- 
sulfate solution. 

Zinc 

9. If in appreciable amount, evaporate 
off the alcohol from the filtrate from total 
lead, make alkaline with NH4OH, then 
acid with HCl (sp. gr. 1.19), add 3 ml. 
more of HCl, dilute to about 250 ml. 
with water, heat nearly to boiling and 
titrate wdth standard K 4 Fe(CN )6 solu- 
tion as described by Low.® Report as 
ZnO (includes cadmium). Iron, copper, 
or other interfering substances should 
first be removed as described by Low. 

Matter Soluble in Water 

10. Transfer 25 g. of the pigment to a 
graduated 250-ml. flask, add 100 ml. of 
water, and boil for 5 min. Cool to room 
temperature, dilute to the mark with 
water, mix, and allow to settle. Filter 
the supernatant liquid through a dry 
filter paper and discard the first 20 ml. 
of the filtrate. Transfer 100 ml. of the 


6 “Notes on Metallurgical Analysis,” p. 103 (1903). 


' Low, “Technical Methods of Ore Analysis.” 
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clear filtrate to a weighed dish, evaporate 
to dryness on a steam bath, dry for 1 
hr, in an oven at 105 to 110 C., cool, and 
weigh. Calculate the percentage of 
water-soluble matter. 

Total Silica 

11. Digest 5 g. of the sample in a 
covered casserole with 5 ml. of HCl and 
15 ml. of HNO3 (1:1). Evaporate to 
dryness to dehydrate. Cool, treat with 
hot water and IINO3, boil, filter, wash 
with hot acid ammonium acetate solu- 
tion, then diluted HCl and finally hot 
water. Ignite and weigh as Si02. The 
residue may be treated with H2SO4 and 
HF in cases of doubt as to purity. 

Carbon Dioxide 

12. Determine carbon dioxide by the 
evolution method, using diluted HCl 
and stannous chloride. 

Soluble Sulfates 

13. {a) Sulfates other than Barium 
Sulfate . — Treat 0.5 g, of the sample with 
5 ml. of water, 3 g. of NH4CI, and 5 ml. 
of HCl saturated with bromine. Digest 
(covered) on steam bath about 15 min. 
Add 25 ml. of water, neutralize with dry 
Na2C03, and add about 2 g. more. Boil 
10 to 15 min., let settle, dilute with hot 
water, filter, and wash with hot water. 
Redissolve in HCl, reprecipitate as 
above, and wash thoroughly with hot 
water. Acidify united filtrates with 
HCl, adding a slight excess; boil and add 
slight excess of BaCb solution (10 per 
cent). Let stand on steam bath for 1 
hr. Filter, and wash with hot water. 
Ignite, and weigh as BaS04. Calculate 
to SO3 (includes SO3 formed from SO2). 

{h) Or, dissolve 0.5 g. of the sample in 
25 ml, of water, 10 ml. of NH4OH (sp. 


gr. 0.90) and HCl in slight excess; dilute 
to about 150 ml. with water and add a 
piece of aluminum foil which should 
about cover the bottom of the beaker 
(being held on the bottom by means of a 
stirring rod). Heat gently till all lead 
is precipitated, decant through a filter, 
pressing the lead sponge with a flattened 
rod, and washing with hot water. Add 
to the filtrate a little pure bromine water, 
boil until bromine is expelled, add 15 ml. 
of BaCb solution (10 per cent), let stand 
on steam bath for 1 hr., filter, w^ash with 
hot water, ignite, and weigh as BaS04 
(any SrS04 present is not decomposed 
in this method).’^ 

Iron Oxide 

14. Determine iron oxide by SchaeS- 
er’s® modification of Thomson’s colori- 
metric method; or, in a large beaker, 
treat 20 g. of the sample with 20 ml. of 
water, 20 ml. of HNO3 (sp. gr. 1.42), and 
3 ml. of formaldehyde solution. Warm 
until all Pb02 is dissolved, dilute with 
water, warm, filter off insoluble matter, 
and wash with hot water. Ignite filter 
and insoluble matter, and evaporate with 
H2SO4 and HF. To filtrate from insol- 
uble matter add 14 ml. of H2SO4 (1:1), 
filter off PbS04, and wash. Dissolve 
residue from HF and H2SO4 in H2SO4 
and add to filtrate from PbS04. Dilute 
to 500 ml. and determine iron colori- 
metrically in an aliquot, using the same 
amounts of HNO3, H2SO4, and formal- 
dehyde in comparison solution.® Calcu- 
late to FeaOs. 


’ The solubility of BaS 04 is increased by the presence 
of aluminum^ chloride. See J. W. Mellor, “A Treatise 
on Quantitative Inorganic Analysis," p. 61S, J. B. Lippin- 
cott Co., Philadelphia, Pa. (1913). 

* Journal oj Industrial and Engineering Chemistry, 
Vol.4. P.6S9 (1912). 

• Lunge-Berl, "Chemisch-technische Untersuchungs- 
Methoden," Vol. 2, p. 95, 6th Ed. 
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Scope 

1. These methods cover procedures for 
the chemical analysis of white pigments. 
The procedures appear in the following 
order: 

Section 

Preparation of Sample 2 

Small Amounts of Iron 3 

Lead Pigments : 

Basic carbonate of lead 4 to 9 

Basic sulfate of lead 10 to 16 

Zinc Pigments; 

Zinc-lead and leaded-zincs (ozlo 

white) 17 to 20 

Zinc oxide. 21 to 24 

Lithopone 25 to 28 

Titanium Pigments 29 to 38 

Calcium Pigments : 

Whiting, Paris white, Spanish white, 

Chalk 39 to 41 

Gypsum, Terra alba, Plaster of 


Paris 

. . 42 and 43 

Barium Pigments: 

Barytes or barite, “blanc fixe” . . 

... 44 to 46 

Silica Pigments: 

Silica or silex 

... 47 

China clay 

... 48 

Asbestine 

... 49 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

“ Prior to adoption as standard, these methods were 
published as tentative from 1913 to 1917, being revised 
in 1917. In 1939 Standard Methods D 186 were incor- 
porated in this standard. 


Preparation of Sample 

2. Dry pigments, if lumpy or not 
finely ground, shall be ground to a fine 
powder for analysis. Large samples 
may be thoroughly mixed and a repre- 
sentative portion taken and pow’dered if 
lumpy or not finely ground. The sample 
in all cases shall be thoroughly mixed 
before taking portions for analysis. Ex- 
tracted pigments shall be ground to a 
fine powder, passed through a No. 80 
(177-micron) sieve® to remove any skins, 
and thoroughly mixed. The weighed 
portions of extracted pigments should be 
moistened with a little alcohol before 
adding reagents for analysis. All sam- 
ples shall be preserved in stoppered 
bottles or containers. 

Small Amounts of Iron 

3. (a) Lead Pigments . — In the case of 
lead pigments, treat the sample with 
HNO3 ( 1 : 1 ), dilute with water, add 
H2SO4 to precipitate bulk of lead (not 
necessary to evaporate down). Cool, 

» Detailed requirements for this sieve are given in the 
Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: Ell), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.TJM. 
Designations at front of book. 
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filter, wash with diluted H2SO4 (It 99 ), 
make filtrate just alkaline with NH4OH, 
then just acid with diluted HNO3; deter- 
mine iron colorimetrically by the thiocy- 
anate method/ using the same amounts 
of reagents in preparing the reference 
color standards. If the sample contains 
insoluble matter, filter out and wash with 
hot water until lead-free, and to the fil- 
trate add H2SO4 and proceed as given. 
Ignite the insoluble matter, treat with HF 
and H2SO4, bring into solution (filter out 
any BaS04), and add to filtrate from 
PbS04. If necessary, the solution may 
be diluted to volume and aliquots taken. 
Copper, if present, shall be removed by 
precipitating the Fe with NH4OH, filter- 
ing, washing, redissolving Fe(OH)3, and 
proceeding as above. 

(b) Other Pigments. — In the case of 
pigments other than lead pigments, treat 
as described in Paragraph {a) omitting 
the addition of H2SO4. 

Lead Pigments 
Basic Carbonate of Lead 
Special Solution Required 

4. Standard Ammonium Molybdate . — 
Dissolve 4.25 g. of ammonium molyb- 
date in water and dilute to 1 liter. To 
standardize this solution, dissolve about 
0.2 g. of pure lead foil (pure PbO or 
PbS04 may also be used) in HNO3, 
evaporate nearly to dryness, add 30 ml. 
of water, then 5 ml. of H2SO4 (sp. gr. 
1.84), cool, and filter. Drop paper with 
PbS04 into a flask, add 10 ml. of HCl 
(sp.gr. 1.19), boil until completely disinte- 
grated, add 15 ml. of HCl (sp. gr. 1.19), 
25 ml. of water, and NH4OH until alka- 
line. Acidify with acetic acid, dilute 
to 200 ml. with hot water, and boil. 
Titrate with the molybdate solution, 
using an outside indicator of one part 
of tannic acid in 300 parts of water. 

* Described in Scott “Standard Methods of Analysis,” 
Second Editioni p. 222, D. Van Nostrand Co. 


Total Lead, Gravimetric 

5. (a) As Sulfate. — Dissolve 1 g. of 
the sample in 20 ml. of HNO3 (1 : 1) in a 
covered beaker, heating until all CO2 is 
expelled. Wash off cover, add 20 ml. of 
H2SO4 (1:1), and evaporate to fumes of 
H2SO4. Cool, add about 150 inL of 
water and 150 ml. of ethyl alcohol. Let 
stand in cold water 1 hr., filter on a 
Gooch crucible, wash with 95 per cent 
ethyl alcohol, dry at 110 C., and weigh 
PbS04. Calculate to PbO or to basic 
carbonate (2PbC03'Pb(0H)2).® 

(5) As Bichromate. — Dissolve 1 g. of 
the sample by boiling with acetic acid. 
Dilute to about 200 ml. with water, make 
alkaline with NH4OH, then acid with 
acetic acid, heat to boiling, and add 10 to 
IS ml. of k2Cr207 (10 per cent). Heat 
until the yellow precipitate assumes an 
orange color. Let settle, and filter on a 
Gooch crucible, washing by decantation 
with hot water until the washings are 
colorless, finally transferring all of the 
precipitate. Wash with 95 per cent 
ethyl alcohol and then ether, dry at 
HOC., and weigh PbCr04. (Any in- 
soluble matter should be filtered out 
before precipitating the lead.) 

Total Lead, Volumetric 

6. (a) Dissolve 0.5 g. of the sample in 
10 ml. of HCl (sp. gr. 1.19), boil until 
solution is effected, cool, dilute to 40 ml., 
neutralize with NH4OH. Add acetic 
acid until distinctly acid, dilute to 
200 ml. with hot water, boil, and titrate 
with the standard ammonium molyb- 
date, using an outside indicator of one 
part of tannic acid in 300 parts of water. 

{b) It should be noted that when cal- 
cium is present, it forms a more or less 
insoluble molybdate, and results are 
likely to be high. With samples con- 
taining less than 10 per cent of lead, the 
lead should be precipitated as PbS04, 

® This method of weighing lead sulfate is not accurate 
in the presence of calcium compounds. 
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filtered, redissolved, and titrated as in 
the process of standardizing the molyb- 
date solution (Section 4). 

Carbon Dioxide 

7. Determine by evolution with di- 
luted HCl, absorbing in soda lime or 
KOH solution. Calculate CO 2 to PbCOa, 
subtract PbO equivalent from total 
PbO, and calculate residual PbO to 
Pb(0H)2. 

Acetic Acid® 

8. Place 18 g. of the sample in a 500- 
ml. flask; add 40 ml. of sirupy phosphoric 
acid (H3PO4), 18 g. of zinc dust, and 50 
ml of water. Connect to a straight 
Liebig condenser, apply heat, and distill 
down to a small bulk. Then pass steam 
into the flask until it becomes about half 
full of condensed water, shut off the 
steam, and distill down to a small bulk — 
this operation being conducted twice. 
To the total distillate which was col- 
lected in a larger flask, add 1 ml. of 
HsP 04 , connect to a Liebig condenser, 
using a spray trap, and distill to a small 
volume (about 20 ml) . Pass steam 
through until about 200 ml. of water 
condense in the distillation flask, shut 
off the steam, and continue the distilla- 
tion. Continue these operations of di- 
rect and steam distillations until 10 ml. 
of the distillate require only one drop 
of 0.1 N alkali to give a change in the 
presence of phenolphthalein. Then ti- 
trate the total distillate with 0.1 N 
NaOH, using phenolphthalein as indi- 
cator, and calculate the total acidity as 
acetic acid. It will be found convenient 
to titrate each 200-ml. portion of the 
distillate as collected. 

Lead 

9. (a) A 5 Metallic Lead. — Weigh 50 
g. of the sample into a 400-ml. beaker, 

® Thompson’s Method, Journal, Soc. Chemical Indus- 
try, Vol. 24, p. 487 (1905) , 


add a little water, and add slowly 60 ml. 
of 40 per cent acetic acid. After 
effervescence has ceased, boil on hot 
plate. Fill the beaker with water, let 
settle, and decant the clear solution. 
To the residue, add 100 ml. of a mixture 
of 360 ml. of NH 4 OH (sp. gr. 1.19), 1080 
ml. of water, 2160 ml. of 80 per cent 
acetic acid and boil until all solution is 
complete. Fill beaker with water, let 
settle, and decant the clear solution. 
Collect the residue on a watch glass, 
floating off everything but metallic lead. 
Dry and weigh. The result multiplied 
by two is equivalent to the percentage 
of metallic lead in the sample. 

{h) Lead Hydroxide. — The following 
•method of A. N. Finn (unpublished) 
gives total basicity of a pure white lead : 
Place 2 g. of the sample in an evolution 
flask, add a little COa-free water, connect 
up to the separatory funnel and conden- 
ser (Knorr type), add through the funnel, 
finally washing down, 100 ml. of 0.25 N 
HNO 3 . Boil, and absorb the CO 2 in a 
soda-lime tube (having H 2 SO 4 and CaCls 
drying tubes in train) and weigh. To 
the solution in the evolution flask add 
about 20 ml. of neutral Na 2 S 04 solution 
and titrate with 0.25 N NaOH (car- 
bonate-free), using phenolphthalein as 
indicator. Calculate CO 2 to PbCOa. Cal- 
culate the amount of 0.25 N acid cor- 
responding to the CO 2 , and deduct from 
the total amount of 0.25 N acid neutral- 
ized by the sample. Calculate the 
difference to combined water and from 
this calculate Pb(OH) 2 . 

Basic Sulfate of Lead 
Special Solution Required 

10. Standard Potassium Ferrocyanide 
Solution. — Dissolve 22 g. of pure 
K4Fe(CN)6-3H20 in water, and dilute 
to 1000 ml. To standardize, transfer 
about 0.2 g. (accurately weighed) of 
pure metallic zinc or freshly ignited 
pure ZnO to a 400-ml. beaker. Dissolve 
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in 10 ml. of HCl and 20 ml. of water. 
Drop in a small piece of litmus paper, 
add NH4OH until slightly alkaline, tken 
add HCl until just acid, and finally add 
3 ml. of HCl (sp. gr. 1.19). Dilute to 
about 250 ml. with hot water and heat 
nearly to boiling. Run in K4Fe(CN)6 
slowly from a burette, while stirring 
constantly, until a drop tested on a white 
porcelain plate with a drop of the 
uranyl indicator (a 5 per cent solution of 
iiranyl nitrate in water or a 5 per cent 
solution of uranyl acetate in water made 
slightly acid with acetic acid) shows a 
brown tinge after standing 1 min. Run 
a blank with the same amounts of re- 
agents and water as in the standard- 
ization. Subtract the amount of • 
K4Fe(CN)8 required for the blank from 
the amounts used in standardization and 
in titration of the sample (Section 14). 

Qualitative Analysis 

11. By the usual methods of qualita- 
tive analysis, test the sample for matter 
insoluble in acid ammonium acetate solu- 
tion, for calcium, for carbonates, and 
for any other impurities suspected. 

Moisture 

12. Place 1 g. of the sample in a tared, 
wide-mouth, short, weighing tube pro- 
vided with a glass stopper. Heat with 
stopper removed for 2 hr. at 105 to 
HOC. Insert stopper, cool, and weigh. 
Calculate loss in weight as moisture. 

Insoluble Matter and Total Lead 

13. In a 2S0-ml. beaker, moisten 

1 g, of the sample with a few drops of 
alcohol; add 50 ml. of acid ammonium 
acetate solution (made by mixing 150 
ml. of 80 per cent acetic arid, 100 ml. of 
water, and 95 ml. of NIi40H (sp. gr. 
0.90p. Heat to boiling and boil for 

2 min. Decant through a filter paper, 
leaving any undecomposed matter in the 
beaker. To the residue in the beaker, 


add 50 ml. of the acid ammonium acetate 
solution, heat to boiling, and boil for 2 
min. Filter through the same paper 
and wash with hot water. If an ap- 
preciable residue remains, ignite and 
weigh as insoluble matter. Unite 
the acid ammonium acetate solutions, 
heat to boiling, and add drop by drop, 
while stirring, a slight excess (in total 
about 10 to 15 ml.) of a solution of 
K2Cr207 (10 per cent). Heat until the 
precipitate assumes an orange color, let 
settle, filter on a weighed Gooch crucible, 
wash by decantation with hot water 
until the washings are colorless, and 
finally transfer all of the precipitate to 
the crucible. Then wash with 10 ml 
of 95 per cent ethyl alcohol and finally 
with 10 ml. of ethyl ether. Dry at 105 
to 110 C., cool, and weigh PbCr04. 
Calculate to PbO by multiplying by 
the factor 0.69. 

Zinc Oxide 

14. Weigh accurately about 1 g. of the 
sample, transfer to a 400-ml. beaker, add 
30 ml of HCl (D2), boil for 2 or 3 min., 
add 200 ml. of water and a small piece of 
litmus paper, add NH4OH until slightly 
alkaline, render just acid with HCl, 
then add 3 ml. of HCl (sp. gr. 1.19), 
heat nearly to boiling, and titrate with 
standard potassium ferrocyanide as in 
standardizing that solution (Section 10). 
The titration must be made under the 
same conditions of temperature, volume, 
and acidity as obtained when the stand- 
ardization was made. Calculate total 
zinc as ZnO. 

Total Lead Sulfate 

15. In a 400-ml. beaker, moisten 0.5 g. 
of the sample with a few drops of alcohol; 
add 10 ml. of bromine water, 10 ml. of 
HCl (1 : 1), and 3 g. of NH4CI. Cover 
with a watch glass and heat on a steam 
bath for 5 min., add hot water to give a 
total volume of about 200 ml, boil for 
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5 min., filter to separate any insoluble 
matter (a pure pigment should be com- 
pletely dissolved), and wash thoroughly 
with hot water. (The insoluble matter 
may be ignited, weighed, and examined 
qualitatively.) Neutralize the clear so- 
lution (original solution or filtrate from 
insoluble matter) in a covered beaker 
with dry Na 2 C 03 , add 1 g. more of dry 
NaaCOs, and boil for 10 to 15 min. 
Wash off cover, let settle, filter, and 
wash with hot water. Redissolve the 
precipitate in HCl (1:1), reprecipitate 
with NaaCOa as above, filter, and wash 
thoroughly with hot water. Acidify the 
united filtrates with HCl, adding about 
1 ml. in excess. Boil to expel bromine, 
and to the clear boiling solution add 
slowly, while stirring, 15 ml. of BaCb 
(10 per cent). Let stand on a steam 
bath for about 1 hr., filter on a weighed 
Gooch crucible, wash thoroughly with 
boiling water, dry, ignite, cool, and 
weigh as BaS 04 . Calculate to total 
PbS04, using the factor 1.3. 

Calculations and Report 

16, Calculate the percentage of total 
PbS04 to PbO by multiplying by the 
factor 0.736 and subtract the result from 
the percentage of PbO found under 
insoluble impurity and total lead in 
Section 13. Report the difference as 
PbO. Report ZnO found under zipc 
oxide in Section 14, as percentage of 
ZnO. Report moisture and insoluble 
matter as such. 

Zinc Pigments 
Zinc- Lead and Leaded- Zincs 
{Ozio White) 

Total Lead and Zinc . 

17. Dissolve 1 g. of the sample by 
boiling with 250 ml. of water and 20 ml. 
of HNOs (sp. gr. 1.42), add 5 ml. of 
H 2 SO 4 (sp. gr. 1.84), and evaporate to 
copious fumes of H 2 S 04 . Cool, add 250 


ml. of water, let stand cold 1 to 2 hr., 
filter on Gooch crucible, wmsh with 
H2SO4 (1:99), ignite, and weigh as 
PbS 04 . Report as PbS 04 . The PbS 04 
may be filtered on paper and then dis- 
solved and titrated with ammonium- 
molybdate solution as described in 
Section 4. Make filtrate from PbS 04 
alkaline with NH4OH, then acid with 
HCl, add 3 ml. of HCl (sp. gr. 1.19), 
heat nearly to boiling, and titrate the 
total zinc with K 4 Fe(CN )6 solution as 
described in Section 10, using uranium- 
acetate solution as an outside indicator. 
Calculate to ZnO. (Iron, .copper, or 
other interfering substances should first 
be removed as described by Low.’^) 

Note. — If sample contains Ca or Mg, the Pb 
and Zn should be separated by precipitation 
with H 2 S after dissolving in HCl, making alka- 
line with NH4OH and then acid with acetic acid. 
The PbS + ZnS is dissolved in diluted HNO3 
and the Pb and Zn determined as above. 

Sulfates other than Barium Sulfate 

18. (a) Method A. — Treat 0.5 g. of 
the sample with 5 ml. of water, 3 g. of 
NH4CI, and 5 ml. of HCl saturated with 
bromine. Digest (covered) on steam 
bath about 15 min., add 25 ml. of water, 
neutralize with dry NazCOa and add 
about 2 g. more, boil 10 to 15 min. Let 
settle, dilute with hot water, filter, and 
wash with hot water. Redissolve in 
HCl, reprecipitate as above, and wash 
thoroughly with hot water. Acidify 
united filtrates with HCl, adding a slight 
excess. Boil and add slight excess of 
BaCh (10 per cent) . Let stand on steam 
bath 1 hr., filter, wash with hot water, 
ignite, and weigh BaS 04 . Calculate to 
SO3 (includes SO3 formed from SO 2 ). 

(5) Method .B.— Dissolve 0.5 g. of the 
sample in 25 ml. of water, 10 ml. of 
NH4OH (sp. gr. 0.90), and HGl in slight 
excess. Dilute to about 150 ml. with 
water and add a piece of aluminum foil 

’ Low, “Technical Methods of Ore Analysis,” 7th Edi- 
tion, p. 2S8, John Wiley and Sons, New York City (1914) . 
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which should about cover the bottom of 
the beaker, the foil being held on the 
bottom by means of a stirring rod. Heat 
gently until all lead is precipitated, 
decant through a filter, pressing the lead 
sponge with a flattened rod, and washing 
with hot water. Add to the filtrate a 
little pure bromine water, boil until bro- 
mine is expelled, add 15 ml. of BaCh (10 
per cent), let stand on steam bath 1 hr., 
filter, wash with hot water, ignite, and 
weigh as BaS04 (any SrS04 present is 
not decomposed in this method).® 

Soluble Zinc Sulfate 

19. To 2 g. of the sample add 150 ml. 
of water and 50 ml. of 95 per cent alcohol 
and heat nearly to boiling for 30 min., 
filter, and wash with a mixture of alcohol 
and water (1:3). Heat filtrate to boiling 
and expel most of the alcohol; then de- 
termine SOs by usual method of precipi- 
tation with BaClj. Calculate to ZnS04 
and to SO3. 

Sulfur Dioxide 

20. Determine as described in Section 
23 under the analysis of zinc oxide. 

Zinc Oxide 

Total Zinc 

21. Dissolve 0.25 to 0.3 g. of the 
sample in 10 ml. of HCl (sp. gr. 1.19) 
and 20 ml. of water, make alkaline with 
NH4OH, then acid with HCl, add 3 ml. 
more of HCl (sp. gr. 1.19), dilute to 
about 250 ml. with water, heat nearly to 
boiling, and titrate with standard 
K4Fe(GN)e solution as described in 
Section 10. Report as ZnO (includes 
Cd). Iron, copper, or other interfering 
substances should be first removed as 
described by Low.® 

8 The solubility of BaSO* is increased by the presence 
of aluininiira chloride. See J. W. Mellor, “A Treatise on 
Quantitative Inorganic Analysis,” p. 615, 1. B. Lippincott 
Co., Philadephia, Pa. (1913). 

3 Low, “Technical Methods of Ore Analysis,” 7th Edi- 
tion, p. 288, John Wiley and Sons, New York City (1914). 


Total Soluble Sulfur^® 

22. Moisten 10 g. of the sample with 
water, add a few drops of bromine and 
then HCl (sp. gr. 1.19), boil to expel 
bromine, filter from any insoluble matter, 
and wash with hot water. Make alkaline 
with NH4OH, then just slightly acid 
with HCl, heat to boiling, and add about 
15 ml. of hot BaCb solution. Let stand 
several hours (overnight), filter on a 
weighed Gooch crucible, wash well with 
hot water, dry, ignite for 5 min., cool 
and weigh as BaS04. Calculate to S. 

Sulfur Dioxide^® 

23. Mix 5 g. of the sample with 50 ml 
of warm (freshly boiled and then partly 
cooled) water to an emulsion and pour 
into a glass-stoppered flask containing 

18 ml of HCl (sp. gr. 1.19) and exactly 
25 ml. of 0.1 N iodine solution, stopper, 
and shake until all the oxide is dissolved. 
Titrate the excess of iodine as rapidly as 
possible with 0.1 iV sodium thiosulfate 
solution. Calculate to SOg. 

Soluble Zinc Sulfate 

24. Determine as described in Section 

19 under the analysis of zinc-lead and 
leaded-zincs. 

Lithopone 

Special Solutions Required 

25. (a) Alkaline Lead Nitrate Sol- 
ution— Into 100 ml. of KOH solution 
(56 g. in 140 ml. of water) pour a satu- 
rated solution of Pb(N03)2 (250 g. in 
500 ml. of water) until the precipitate 
ceases to redissolve, stirring constantly 
while mixing. About three volumes of 
the Pb(N03)2 solution will be required 
for one volume of the KOH solution. 

(6) Cadmium Chloride Solution . — 
Dissolve 8 g. of CdCb in 250 ml -of 
water; add 150 ml. of NH4OH (sp. gr. 
0.90). 

M Method of G. Rigg. 
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(c) Standard Iodine Solution— His- 
solve about 12.7 g. (accurately weighed) 
of pure resublimed iodine and 18 g. of 
KI in a small volume of water and then 
dilute to 1 liter. 

Insoluble Matter and Total Zinc 

26. To 1 g. of the sample in a 200-ml. 
beaker, add 10 ml. of HCl (sp. gr. 1.19), 
mix, and add in small portions about 1 g. 
of KClOs, then heat on the steam bath 
until about half of the liquid is evapo- 
rated. Dilute with water, add 5 ml. of 
diluted H2SO4 (1:10). Boil, let settle, 
filter, wash, ignite, cool, and weigh the 
insoluble matter w^hich should be only 
BaS04. Make a qualitative examina- 
tion for aluminum oxide and silicon 
dioxide. Examine the insoluble matter 
under the microscope for the presence of 
natural crystalline barytes or the sample 
may also be examined direct. Make 
the filtrate from the insoluble matter 
alkaline with NH4OH, acid with HCl, 
add 3 ml. of liCl (sp. gr. 1.19), dilute to 
about 250 ml. Heat nearly to boiling, 
and titrate with the standard K4Fe(CN)6 
solution as described in Section 10. 
Calculate to Zn. 

Zinc Oxide 

27. Weigh accurately 1 g. of the 
sample, transfer to a 250-ml. beaker 
(moisten with a few drops of alcohol if an 
extracted pigment), add about 100 ml. 
of acetic acid (3:97), stir vigorously but 
do not heat, cover, and let stand for 18 
hr., stirring once every 5 min. for the 
first 30 min. Filter, wash with acetic 
acid (3:97) followed by water''until the 
washings give no test for zinc with 
K4Fe(CN)6 solution. Dilute the clear 
filtrate to about 200 ml. with water, add 
30 ml. of HCl (1:2) and a small piece of 
litmus paper, add NH4OH (sp. gr. 0.90) 
until slightly alkaline, render just acid 
with HCl, then add 3 ml. of HCl (sp. gr. 
1.19). Heat nearly to boiling, and titrate 


with standard K4Fe(CN)6 solution as 
described in Section 10. Calculate to 
ZnO. Calculate this result to Zn, sub- 
tract from total Zn, and calculate the 
difference to ZnS. (Any ZnCOa or 
ZnS04 is included in the ZnO.) 

Zinc Sulfide^^ 

28. {a) Place 0.5 g. of the sample in 
an evolution flask with about 10 g. of 
feathered or mossy zinc, add 50 ml. of 
vrater, and insert the stopper carrying a 
separatory funnel and an exit tube. 
Run in 50 ml. of HCl (sp. gr. 1.19) from 
the funnel, having previously connected 
the exit tube to two absorption flasks in 
series (first flask containing 100 ml. of 
allcaline lead nitrate solution (Section 
25), second flask, 50 ml. of same as a 
safety device). After all of the acid has 
run into the evolution flask, heat slowly, 
finally boiling until the first appearance 
of steam in the first absorption flask. 
Disconnect, let the PbS settle, filter; 
wash with cold water, then with hot 
water till neutral to litmus paper and 
washings give no test for lead. Dissolve 
the PbS precipitate in hot, diluted HNO3, 
evaporate to fumes with H2SO4 and 
finally weigh as PbS04. Calculate PbS 
or PbS04 to ZnS. 

(6) Instead of absorbing the evolved 
HjS in alkaline lead nitrate solution, 
cadmium chloride solution (Section 25), 
may be used. The CdS precipitate may 
be filtered on a weighed Gooch crucible, 
washed with water containing a little 
NH4OH, dried at 100 C., and weighed. 
Calculate to ZnS. It is better to filter 
the CdS on a small filter and wash as 
above; then place filter and precipitate 
in a beaker and dissolve in HCl and 
KCIO3 (keeping at room temperature 
at first), filter out any paper pulp or 
insoluble matter. Make filtrate alkaline 


« Evolution Method of W. G. Scott, “White Paints and 
Painting Material,” The Modern Painter, p. 257 (1910); 
see also Blair, “Chemical Analysis of Iron,” 8th Edition, 
p. 55, J. B. Lippmcott Co., Philadelphia, Pa. (1918). 
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with NH4OH, then just acid with HCl, 
heat to boiling, and precipitate with 
BaCb. Filter, wash, ignite, and weigh 
BaS04- Calculate to ZnS. 

(c) For very rapid work the contents 
of the absorption flask, after all H2S has 
been absorbed, may be washed into a 
vessel with cold water and diluted to 
about 1 liter, acidified with HCl (sp. gr. 
1.19), and titrated with standard iodine 
solution (Section 25), using starch in- 
dicator. (The precipitate should be 
completely dissolved.) 

Titanium Pigments 
Special Solutions Required 

29. (a) Standard Potassium Perman- 
ganate Solution (O.iiV).— Dissolve 3.2 g. 
of pure KMnO^ in 1 liter of distilled 
water, let stand 8 to 14 days, siphon off 
the clear solution (or filter through 
purified asbestos), and standardize 
against the National Bureau of Stand- 
ards standard sample No. 40 of sodium 
oxalate as follows: In a 400-ml. beaker 
dissolve 0.25 to 0.30 g. (accurately 
weighed) of the Bureau of Standards 
sodium oxalate in 250 ml. of hot. water 
(80 to 90 C.) and add 15 ml. of diluted 
H2SO4 (1:1). Titrate at once with the 
KMn04 solution, stirring the liquid 
vigorously and contimmisly. The 
KMn04 must not be added more rapidly 
than 10 to 15 ml. per min., and the last 
0.5 to 1 mi. must be added drop by drop 
with narticular care to allow each drop 
to be fully decolorized before the next is 
introduced. The solution should not 
be below 60 C. by the time the end point 
is reached. (More rapid cooling may be 
prevented by allowing the beaker to 
stand on a small asbestos-covered hot 
plate during the titration. The use of a 
small thermometer as a stirring rod is 
most convenient.) The weight of 
Na2C204 used multiplied by 0.833 gives 
its iron equivalent, or multiplied by 
1.195 gives its titanium dioxide equiva- 


lent. The KMn04 solution should be 
kept in a glass-stoppered bottle painted 
black to keep out light. 

(&) Perric Sulfate Solution for Titan- 
ium, (2 per cent Fe). — Dissolve 20 g. of 
pure iron or plain carbon steel in a slight 
excess of HCl (sp. gr. 1.19), oxidize with 
HNO3 (sp. gr. 1.42), add about 80 ml. 
of H2SO4 (sp. gr. 1.84), and heat until 
fumes of the latter are evolved. Cool, 
dilute with water to 1000 ml, digest on 
a steam bath until sulfates are dissolved, 
and filter if necessary. Add 0.1 N 
KMn04 solution until a faint pink color 
persists for 5 min. (to oxidize any ferrous 
iron that may be present). 

Ferric ammonium sulfate may be used 

also.i2 

(c) Standard Ferric Sulfate Solution 
for Colorimetric Determination of Iron . — 
Determine the strength of the ferric 
solution for the Ti02 determination in 
terms of Fe and dilute a portion of this 
solution until one is obtained of such 
strength that 1 ml. is eciuivalent to 
0.00001 g. of Fe. 

{d) Thiocyanate Indicator. — Prepare a 
2 per cent solution of pure KCNS or 
NH4CNS in distilled w'ater. 

Color 

30. To 5 g. of the sample add 1.5 ml. 
of linseed oil, rub up on a stone slab or 
glass plate with a flat-bottom glass or 
stone pestle or muller to a uniform 
smooth paste. Treat in a similar man- 
ner 5 g. of the reference standard titan- 
ium pigment. Spread the two pastes 
side by side on a clear, colorless glass 
plate and compare the colors. If the 
sample is as white as, or, whiter than the 
reference standard, it passes this test. 

Qualitative Analysis 

31. Place about 0.5 g. of the sample in 
a 250-ml. resistant-glass beaker,^® add 

“ Gooch, “Methods in Chemical Analysis,” 1st Edi- 
tion, p. 436. 

“ Pyrex glass is very satisfactory for this purpose. 
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20 ml. of PI 2 SO 4 (sp. gr. 1.84) and 7 to 
8 g. of (NH 4 ) 2 S 04 . Mix well and boil 
for a few minutes. The sample should 
go completely into solution; a residue 
denotes the presence of Si 02 or siliceous 
matter. Cool the solution, dilute with 
100 ml. of water, heat to boiling, let 
settle, filter, wash with hot diluted 
H 2 SO 4 (1:19) until free from titanium, 
and test the residue for lead, etc. Test 
the filtrate for calcium, zinc, iron, 
chromium, etc., by the regular methods 
of qualitative analysis. For the iron 
determination add to a portion of the 
filtrate 5 g. of tartaric acid, render 
slightly ammoniacal, pass in H 2 S in 
excess, and digest at side of steam bath 
for a while. No precipitate indicates 
the absence of iron, nickel, cobalt, lead, 
copper, etc. A black precipitate readily 
soluble in diluted HCl denotes iron. 
For titanium, test a small portion of the 
original filtrate with H 2 O 2 (a clear yellow- 
orange color should result) and another 
portion with metallic tin or zinc (a pale 
blue to violet coloration should result). 
Negative tests should be shown for 
sulfur present as sulfide, carbonates, 
and appreciable water-soluble matter. 

Moisture 

32. Place 1 g. of the sample in a wide- 
mouthed, short weighing tube provided 
with a glass stopper. Heat, with stopper 
removed, for 2 hr. at 105 to 110 C. 
Insert stopper, cool, and weigh. Re- 
port the loss in weight as moisture. 

Matter Soluble in Water (In the case of 

Titanium-Barium Pigments) 

33. Transfer 2.5 g. of the sample to a 
graduated 250-ml. flask, add 100 ml. of 
water, and boil for 5 min. Cool to room 
temperature, dilute to the mark with 
water, mix, and allow to settle. Filter 
the supernatant liquid through a dry 
filter paper and discard the first 20 ml. 
of the filtrate. Transfer 100 ml. of the 


clear filtrate to a weighed dish and evap- 
orate to dryness on a steam bath. Dry 
for 1 hr. in an oven at 105 to 110 C., 
cool, and weigh. Calculate the per- 
centage of water-soluble matter. 

Titanium Oxide 

34. Transfer 0.5 g. of the dried sample 
to a 250-ml. resistant-glass beaker,^® 
add 20 ml. of H 2 SO 4 (sp. gr. 1.84) and 
7 to 8 g. of (NH 4 ) 2 S 04 . Mix well and 
heat on hot plate until fumes of H 2 SO 4 
are evolved, and then continue the heat- 
ing over a strong flame until solution 
is complete (usually requires not over 
5 min. of boiling) or it is apparent that 
the residue is composed of Si 02 or 
siliceous matter. Caution should be 
observed in visually examining this hot 
solution. Cool the solution, dilute with 
100 ml. of water, stir, heat carefully to 
boiling while stirring, let settle, filter 
through paper and transfer the precipi- 
tate completely to the paper. Wash the 
insoluble residue with cold diluted H 2 SO 4 
(1:19) until titanium is removed. Di- 
lute the filtrate to 200 ml. and add about 
5 ml. of NH 4 OH (sp. gr. 0.90) to lower 
the acidity to approximately 10 to 15 
per cent H 2 SO 4 (by volume). Wash 
out a Jones reductor^^ with diluted 
H 2 SO 4 (1:19) and water, leaving suffi- 
cient water in the redactor to fill to the 
upper level of the zinc. (These wash- 
ings should require not more than one or 
two drops of 0,1 N KMn04 solution to 
obtain a pink color.) Empty the re- 
ceiver, and put in it 25 ml. (measured 
in a graduate) of ferric sulfate solution 
(Section 29). Reduce the prepared 
titanium solution as follows 

(7) Run 50 ml. of the diluted H 2 SO 4 
(1:19) through the reductor at such a 

w Directions for preparing a Jones reductor may be 
found in Blair, "The Chemical Analysis of Iron,” Eighth 
Edition, pp. 88-89, or Treadwell-Hall, ‘‘Analytical Chem- 
istry,” Vol. 2, Fifth Edition. 

“ Lundell and Knowles, ‘‘The Determination of Tita- 
nium by Reduction with Zinc and Titration with Perman- 
ganate," Journal, Am. Chemical Soc., Vol. 45, p. 2620 
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uniform rate as to require 5 to 10 min. 
for passage. 

(i) Follow this with the titanium 
solution at such a uniform rate as to 
require 10 min. to pass through the 
reductor. 

(J) Wash out with 100 ml. of diluted 
H2SG4(1:19). 

{4) Finally run through about 100 
ml. of water. Care should be taken 
that the reductor is always filled with 
solution or water to the upper level of 
the zinc. Gradually release the suction, 
wash thoroughly the glass tube that 
was immersed in the ferric sulfate solu- 
tion, remove the receiver, and titrate 
immediately with 0.1 N KMn04 solu- 
tion. One milliliter of 0.1 N KMn04 
is equivalent to 0.0048 g. of Ti or 0.008 g. 
of TiOa. Run a blank determination, 
using the same reagents, washing the 
reductor as in the above determination. 
Subtract this permanganate readmg 
from the original reading and calculate 
the final reading to titanium dioxide 
(TiOa). This will include iron, chro- 
mium, arsenic, and any other substance 
which is reduced by zinc and acid. See 
Section 38 for reporting TiOa- 

Barium Sulfate (In the case of Titanium- 

Barium Pigments) 

35. Ignite, cool, and weigh the pre- 
cipitate of BaS04 obtained in separating 
the titanium in Section 34, 

Note. — I f sample is impure it may be neces- 
sary to purify this precipitate, using appropriate 
methods. 

Calcium Sulfate (In the case of Tita- 
nium-Calcium Pigments) 

36. Transfer 0.5 g. of the sample to 
a 250-ml. beaker, add 25 ml. of HCl 
(1 : 1), cover with a watch glass, and boil 
for several minutes. Dilute to 150 ml. 
with water, heat to boiling, wash off the 
cover glass, filter through a 9-cm, filter 
paper, and wash the paper and residue 


with hot diluted HCl (1:99) until the 
washings show no calcium when tested 
with NH4OH and (NH4)2C204. To the 
filtrate, add two drops of HNO3 (sp. 
gr. 1.42) and boil to insure oxidation of 
the iron. Add NH4OH until slightly 
alkaline, and heat to boiling. Then 
without filtering, add an excess (30 to 
35 ml.) of a hot saturated solution of 
(NH4)2C204, stir, and continue the 
boiling until the precipitate becomes 
granular. Let stand on a steam bath for 
1 hr., and filter through a 9-cm. filter 
paper. Wash the beaker and filter with 
boiling-hot water until 10 ml, of the 
washings are not decolorized in 2 to 3 
min. after adding 0.5 ml. of H2SO4, heat- 
ing to about 70 C., and adding two drops 
of 0.1 N KMn04 (Section 29). Place 
the beaker in which precipitation was 
made under the funnel, pierce the apex 
of the filter paper with a stirring rod, 
and wash the precipitate into the beaker 
with a jet of hot water. Pour 30 ml. 
of warm diluted H2SO4 (1:3) through the 
filter so that the acid comes in contact 
with all of the paper, and wash the funnel 
and filter thoroughly with hot water. 
Dilute to about 250 ml. with water, heat 
to about 90 C., and titrate at once with 
0.1 A KMn04 solution to a faint pink 
color that does not disappear in 2 to 3 
min. (the temperature of the solution 
should not be below 60 C. when the end 
point is reached). Calculate the total 
calcium to percentage of CaS04 (1 ml. 
of 0.1 N KMn04 is equivalent to 
0.0068 g. of CaS04 or 0.0028 g. of CaO. 
The Fe value of KMn04 multiplied by 
0.502 is equivalent to the CaO value)., 

Iron Oxide 

37. Prepare a standard ferric solution 
containing 0.00001 g. of Fe per milliliter 
(Section 29). Weigh a 1-g. portion of 
the sample and treat as in Section 34, 
Transfer without filtering to a graduated 
200-ml. flask, cool, fill to the mark with 
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water, mix, let settle, and determine iron 
colorimetrically as follows: Filter 
through a dry filter paper, discarding the 
first 20 ml. Transfer 50 ml. of the clear 
filtrate to a clean 100-ml. Nessler tube 
or other comparator. Add a drop or two 
of 0.1 N KMn04 solution to oxidize any 
ferrous iron. The faint pink color 
should persist for at least 5 min. Add 
10 ml. of KCNS or NH4CNS solution 
(Section 29), dilute with water to 100 
ml., and mix thoroughly. Compare the 
color immediately with a series of ref- 
erence standards, prepared side by side 
with the sample, in similar tubes. Pre- 
pare the reference standards from the 
standard ferric solution so as to have 
a range of from 0.000005 g. Fe to 
0.00004 g. Fe (0.5 to 4.0 ml. of the 
standard solution). Transfer the de- 
sired volumes of the standard ferric 
solution to 100-ml. Nessler tubes con- 
taining 50 ml. each of an acid solution 
(made up by dissolving 8 g. of (NH4)2S04 
in water, adding 20 ml. of H2SO4 
(sp. gr. 1.84), cooling, diluting with water 
to 200 ml., and mixing), add a drop of 
0.1 N KMn04 solution (or sufficient 
to yield a pink color that will persist 
for 5 min.), and then 10 ml. of the 
thiocyanate solution. Finally dilute all 
standards with water to 100 ml. and 
mix each thoroughly. 

Note. — For a single sample it is more con- 
venient to run the standard Fe solution from a 
burette into a Nessler tube containing 50 ml. of 
acid solution (made by dissolving 8 g. of 
(NFl4)2S04 in water, adding 20 ml. of concen- 
trated H2SO4 (sp. gr. 1.84), cooling, and diluting 
with water to 200 ml., and mixing), a drop of 
0.1 N KMn04, 10 mi. of the thiocyanate solu- 
tion, and then dilute with distilled water until 
the depth of the color produced after diluting 
100 ml. and mixing, exactly matches that of the 
sample. From the burette reading calculate 
the amount of Fe. When using standards, the 
color comparisons must be made immediately. 

Calculations and Report 

38. Calculate the total iron found to 
Fe203 and report as such. Calculate the 


TiOa equivalent by multiplying the 
Fe203 result by the factor 1.003 and 
subtract this figure from the total Ti02 
as determined in Section 34; report 
the remainder as Ti02. Report all 
results on the dry or moisture-free basis. 

Calcium Pigments 

Whiting, Paris White, Spanish White, 
Chalk 

Qualitative Analysis 

39. By the usual methods of qualita- 
tive analysis, test the sample for small 
amounts of insoluble matter (siliceous), 
iron, aluminum, sulfur, water, or mag- 
nesium. 

Note. — ^The sample should be approximately 
95 per cent CaCOa 

Total Soluble Lime^® 

40. Weigh out 0.75 g. of the sample 
into a small crucible, ignite cautiously 
to dull redness to destroy organic 
matter, cool. Transfer to a 400-ml. 
beaker, add 20 ml. of water, cover, then 
add 15 ml. of HCl (sp.gr. 1.19) and 3 or 
4 drops of HNO3 (sp.gr. 1.42), and boil 
until all the soluble matter is dissolved 
and all the CO2 expelled. Wash off 
and remove the cover, dilute the solu- 
tion to about 150 ml. with freshly boiled 
water, heat to boiling, and add diluted 
NH4OH (sp. gr. 0.96) carefully until 
a slight permanent precipitate forms. 
Heat to boiling and add 10 ml. of a 
solution of oxalic acid (10 per cent); stir 
until the oxides of iron and aluminum 
are entirely dissolved and only a slight 
precipitate of calcium oxalate remains. 
Add 200 ml. of boiling water and suffi- 
cient saturated solution of ammonium 
oxalate (20 to 25 ml.) to precipitate the 
lime. Boil and stir for a few moments, 
remove from the heat, let settle, and 
filter on an 11-cm. filter. Wash ten 
times with 10 to 15-ml. portions of hot 
water. Place beaker in which precipi- 

M Meade, “Portland Cement,” 3rd Edition, p. 440 
Chejnicftl Publishfag Co. (192$). 


932 


Chemical Analysis oe White Pigments (D34-39) 


tation was made under the f unnel, pierce 
apex of filter with stirring rod, and wash 
precipitate into beaker with hot water. 
Pour w'ann diluted H2SO4 (1:4) through 
paper and w'ash a few times. Add about 
30 ml. of the diluted H2SO4 (1:4), 
dilute to about 250 ml., heat to 90 C. 
and titrate at once with standard 
KMn04 solution (solution should not 
be below 60 C. when end point is 
reached). The KMn04 is best stand- 
ardized against the National Bureau of 
Standards’ standard sample No. 40 of 
sodium oxalate.’-’^ Calculate to CaO and 
CaCOs. 

Mixed Calcium and Magnesium Car- 
bonates^^ 

41. (a) Weigh 1 g. of the finely 
pow^dered sample into a small porce- 
lain dish, add 25 ml. of 1 W PICl, cover 
with a watch glass, and when efferves- 
cence has ceased, heat to boiling. Cool 
and titrate with 1 N NaOH solution, 
using methyl orange as indicator. 

(b) The calculation is as follows: 

One gram of CaO = 35.7 ml. of (1 N) acid 
CaCOa = CaO X 1.784 

Subtract the number of milliliters of 
NaOH required from 25; the result 
represents the number of milliliters of 
(liV) acid corresponding to the 
CaCOa + MgCOs. Multiply the weight 
of CaO in 1 g. of sample (as found in 
preceding section on total soluble lime) 
by 35.7; the product represents the 
number of milliliters of 1 N acid cor- 
responding to the CaO present. Sub- 
tract from the total number of milli- 
liters of acid required by CaCOs + 
MgCOa and multiply the result by 0.042, 
obtaining weight of MgCOa in 1 g. of 
sample. The MgCOs determined by 
this process should not differ more than 


” Supplement to National Bureau of Standards Circu~ 
lar No. 39S {m2). 

J. W. Mellor, “A Treatise on Quantitative Inorganic 
Analysis," p. 522, J. B. Lippincott Co., Philadelphia, 
Pa. (1913). 


0.25 per cent from that obtained by more 
elaborate methods. It is to be noted 
that this method is a measure of the total 
alkalinity, and if Ca or Mg are present 
in other forms than carbonate, a com- 
plete analysis wmuld be necessary to give 
percentages of CaCOa and MgCOa. 

(c) Instead of the procedure described 
in Paragraphs (a) and {b), Newberry’s^® 
method for the simultaneous determina- 
tion of calcium and magnesium car- 
bonates may be used. 

Gypswn, Terra Alba, Plaster of Paris 
Combined Water and Moisture 

42. {a) Heat 1 g. of the sample in 
a covered porcelain crucible on an 
asbestos plate for 15 min., then heat 
bottom of the crucible a dull red for 10 
min. over a bunsen burner, remove cover, 
and heat for 30 to 40 min. at a slightly 
lower temperature. Cool and weigh 
rapidly. Repeat to constant weight. 

fb) Combined water and moisture 
may also be determined by heating to 
constant weight in an air bath at 200 C. 

Insoluble Matter 

43. Boil 2 to 3 g. of the sample with 
20 ml. of HCl (sp. gr. 1.19), a few drops 
of HNOs, and about 50 ml. of water. 
Evaporate to dryness, and boil residue 
repeatedly with HCl (1:9), decanting 
through a filter. Finally transfer to the 
filter, wash with hot water, ignite, and 
weigh insoluble matter. Test for 
BaS04. Make a qualitative examina- 
tion of the filtrate from the insoluble 
matter to determine if Al, Fe, or Mg are 
present in abonormal amounts (should 
be mainly Ca and SO3). Test a sepa- 
rate portion of the sample for CO2; if 
desired determine as described under 
Basic Carbonate of Lead in Section 7, 


w Meade ‘‘Portland Cement,” 3d Edition, p. 440, 
Chemical Publishing Co. (1926); Mellor, “A Treatise on 
Quantitative Inorganic Analysis,” p. 522, J. B. Lippincott 
Co,, Philadelphia, Pa. (.1913); Cenient Engitieering News, 
Vol. l5, p.35 (1903). 
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Barium Pigments 
Barytes or Barite, ‘‘Blanc Fixe’’ 
Microscopic Examination 

44. Examine the sample microscopi- 
cally to determine uniformity of grind- 
ing, size, and angularity of particles, 
crystalline or amorphous. The sample 
should be at least 95 per cent BaS 04 . 
Loss on Ignition 

45. Ignite 1 g. of the sample for 30 
min. Loss may be due to organic 
matter, moisture, combined water, and 
CO2 (and SO3 from CaS04 if present). 
If loss is appreciable, test for CO 2 . 
Soluble and Insoluble Matter 

46. Boil 1 g. of the sample with HCl 
(1:3), filter, wash with hot water, ignite, 
and weigh insoluble matter. This may 
be treated with H2SO4 and HF' for 
Si02. In the absence of AI2O3 (from 
silicates) residue is considered as BaS 04 . 
Make qualitative tests of filtrate from 
the insoluble matter for Al, Fe, Ca, 
Mg, SO3. Test a separate portion of 
sample qualitatively for CO2. 


Silica Pigment.s 

Silica or Silex 

47. Silica or silex should be practically 
pure Si02. A qualitative examination 
will suffice in most cases with a de- 
termination of the loss on treating 1 g, 
of the sample with H2SO4 and HF. 

China Clay 

48. A qualitative analysis of China 
clay to determine whether the clay is 
essentially hydrous aluminum silicate 
is generally all of the chemical tests 
necessary. Color, fineness, etc., are 
more important than analysis. 

Asbestine 

49. Asbestine is tested qualitatively 
to determine whether material is as 
represented. Color, fineness, etc., are 
important. Asbestine should be ex- 
amined under the microscope to note 
whether it is fibrous or talcose and 
whether silica or China clay are admixed. 
Samples of known origin should be used 
here as a guide for comparison. 


APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K58-1941 


Standard Methods of 

CHEMICAL ANALYSIS OF YELLOW AND ORANGE PIGMENTS 
CONTAINING CHROMIUM COMPOUNDS, BLUE 
PIGMENTS, AND CHROME GREEN' 


9 

A.S.T.M. Designation: D 126 - 36 
Adopted, 1923; Revised, 1927, 1935, 1936.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 126; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for the chemical analysis of yellow and 
orange pigments containing chromium 
compounds, blue pigments, and chrome 
green. 

Preparation of Sample 

2. Dry pigments, if lumpy or not finely 
ground, shall be ground, to a fine powder 
for analysis. Large samples may be 
thoroughly mixed and a representative 
portion taken and powdered if lumpy or 
not finely ground. The sample in all 
cases shall be thoroughly mixed before 
taking portions for analysis. Extracted 
pigments shall be ground to a fine pow-* 
der, passed through a No. 80 (177- 
micron) sieved to remove any skins, and 
thoroughly mixed. The weighed por- 


* Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-l on Paint, Varnish, Lacquer, and Related 
Products. 

“ Prior to adoption as standard, these methods were 
published as tentative from 1922 to 1923, being revised in 
1923. Editorially revised and rearranged in 1939. 

* Detailed requirements for this sieve are given in the 
Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E ll), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 


tions of extracted pigments should be 
moistened with a little alcohol before 
adding reagents for analysis. All sam- 
ples shall be preserved in stoppered 
bottles or containers. 

Yellow and Orange Pigments 

(Chrome Yellows, American Vermillion, 
Basic Lead Chromate) 

Note. — K pure chrome yellow should contain 
only lead chromate and other insoluble lead 
compounds. 

Added Coloring Matter 

3. Boil 2 g. of the sample with 25 
ml. of distilled water, let settle, decant 
the supernatant liquid. Boil the residue 
with 25 ml. of 95 per cent ethyl alcohol 
and decant as before. Boil the residue 
with 25 ml. of chloroform and again de- 
cant. If any one of the above solutions 
is colored, organic coloring matter is 
indicated. If the solutions should, re- 
main colorless, organic colors are prob- 
ably absent. 

Note. — If it is desired to test for organic 
colors resistant to the above reagents, the test 
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procedures described in the following books may 
be used, taking into account the nature of the 
pigment involved: Zerr and Mayer, “Tests for 
Coal Tar Colors in Aniline Lakes”; Schultz and 
Julius, “A Systematic Survey of the Organic 
Coloring Matters”; Mulliken, “Identification of 
Pure Organic Compounds,” Commercial Dye- 
stujfs, Vol III. 

Moisture 

4. Heat 2 g. of the sample at 105 C. 
for 2 hr. Report the loss in weight as 
moisture. 

Insoluble Matter 

5. Treat 1 g. of the sample with 25 
ml. of HCl (sp. gr. 1.19) and boil for 
from 5 to 10 min, in a covered beaker, 
adding about six drops of alcohol to the 
boiling liquid, one at a time. Dilute to 
100 ml. with hot water and boil for from 
5 to 10 min. (solution should be com- 
plete). Filter the hot solution (if in- 
soluble matter is present) and wash with 
boiling water until washings are free from 
lead and chlorine. Ignite themsoluble 
matter, weigh, and examine for Si02, 
BaS04, and AI2O3. 

Total Lead 

6. Add NH4OH to the filtrate from 
the insoluble matter (or the original 
solution) until a faint precipitate begins 
to form, then add 5 ml. of HCl (sp. gr. 
1.19), dilute to 500 ml,, and pass into 
the clear solution a rapid current of HgS 
until all of the lead is precipitated as 
PbS. Let the precipitate settle, filter, 
wash with water containing some H2S. 
Boil the filter and precipitate with diluted 
HNO3 (1:3) until all of the lead has dis- 
solved, filter, and wash thoroughly with 
hot water. To the filtrate, add 10 ml. 
of H2SO4 (Hi), evaporate until copious 
fumes of H2SO4 are evolved, cool, add 
about 75 ml. of water and then 75 ml. of 
95 per cent ethyl alcohol. Let stand 
about 1 hr., filter on a Gooch crucible, 
wash with diluted alcohol, dry, ignite, 
and weigh as PbS04. Save the alcoholic 


filtrate from the PbS04, evaporate nearly 
to dryness, and add to the filtrate from 
the PbS, 

Chromium (Iron, Aluminum) 

7 . (a) Heat the filtrate from the PbS 
(Section 6) to expel H2S and, if iron is 
present, add a few drops of HNO3 and 
boil about 2 min. Render the solution 
just alkaline with NH4OH, boil a few 
minutes, filter, and wash with hot NH4CI 
solution (2 per cent). (If the sample 
contains an appreciable amount of zinc, 
a double precipitation should be made.) 
In the absence of iron and aluminum 
this precipitate may be ignited and 
weighed as Cr203. If iron and alumi- 
num are present, dissolve the NH4OH 
precipitate with hot diluted HCl, wash- 
ing the paper with hot water. Evapo- 
rate to about 100 ml., cool, add NH4OH 
until alkaline, and then add Na202 (con- 
taining at least 90 per cent of Na202) in 
small portions to the cooled solution 
(10 to 12 C.) until oxidation is complete, 
keeping the beaker covered. Digest 
until all of the chromium and aluminum 
have been dissolved, adding more Na202 
if necessary. Filter off the Fe(OH)3, 
wash thoroughly with hot water, ignite, 
and weigh as Fe203*, or, dissolve the pre- 
cipitate in HCl and determine the Fe 
content volumetrically. Make up the 
filtrate from the Fe(OH)3 to 250 ml. in a 
graduated flask, and mix. Boil an ali- 
quot portion vigorously for 10 to 15 
min. to expel H2O2, cool, acidify with 
H2SO4, add an excess of standard 
(NH4)2Fe(S04)2-6H20 solution and ti- 
trate back with K2Cr207 solution (0.1 N), 
using K3Fe(CN)6 as outside indicator. 
(The CrOs inay also be determined by 
acidifying the aliquot portion with acetic 
acid, precipitating as PbCr04 or BaCr04, 
and finally weighing on a Gooch crucible.) 
To determine AI2O3, make an aliquot por- 
tion of the filtrate from the Fe(OH)3 acid 
with HCl, and then just distinctly alka- 
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line with NH4OH, heat to boiling, let 
settle, filter, wash with hot NH4CI so- 
lution (2 per cent), ignite, and weigh as 
AI2O3. If iron and aluminum are not 
to be determined or are present in negli- 
gible amounts, the first NH4OH pre- 
cipitate may be dissolved in diluted 
HGl, oxidized with Na202, boiled vigor- 
ously for 10 to 15 min. to expel H2O2, 
cooled, acidified with H2SO4, and CrOa 
determined volumetrically. 

(b) The CrOs in the absence of other 
oxidizing substances, may be determined 
on 1 g. of the pigment by Schwartz’ 
method'* or by the persulfate method,® 
as follows: For c. p. chrome yellows use a 
0.25-g. sample, for c. p. chrome greens 
use a 0.5-g. sample, and for commercial 
chrome greens use a 1-g. sample. Weigh 
the sample, transfer to a 600-ml. resist- 
ant glass beaker,® add 25 ml. of Ii2S04 
(sp. gr. 1.84), and fume lightly on a hot 
plate for 3 or 4 min. Excessive fuming 
or cooking over a hot flame is neither 
necessary nor desirable, as it may pro- 
duce the difficultly soluble anhydrous 
chromium sulfate (Note 1). The Prus- 
sian blue color is destroyed in a few 
minutes. Cool, cautiously dilute with 
water to 300 ml. (Note 2), stir, and heat 
to boiling. To the boiling solution add 
a small amount of permanganate (0.5 to 
1 ml. of KMn04 (0. 1 N)) to insure the 
presence of some manganese. Then 
add to the boiling solution 10 ml. of 
AgNOs solution (2.5 g. in enough water 
to make 1 liter) and 20 ml. (adding this 
slowly) of ammonium persulfate solution 
(4 g. of ammonium persulfate of full 
strength dissolved in 20 ml. of water). 
The hot solution should show the usual 
permanganate color. If this color does 
not develop, or if it disappears, add more 
persulfate. When the permanganate 


< l'reseniu.s, “Quantitativ’e Chemical Analysis,” 6tb 
Ecliiion, Vol, 1, p. 424. 

s E. F, Hickson, CjVcw/or No. 294, Scientific Section, 
Am, 1‘aint and Varnish Manufacturers Assn,, November, 
192rt. 

“ I’yres glass is very satisfactory for this purpose. 


color is permanent, continue the boiling 
(best done on a hot plate) for 10 to 15 
min , to destroy excess persulfate. Then 
add 5 ml. of diluted HCl (1:3) and boil 
for 5 to 8 min. to reduce the oxidized 
manganese. The color now should be 
the usual chromate yellow. Cool to 
about 20 C. and titrate either electro- 
metrically with FeS04,'^ or add a meas- 
ured excess of FeS04 solution (beyond 
the deep grass-green color) and titrate 
back with E:Mn04 (0.1 N). The first 
faint permanent darkening of the green 
color is taken as the end point. Correc- 
tion for a blank (about 0.2 ml. of 
KMn04) due to color, etc., should be 
made. 

Note 1 . — The important precautions are to 
avoid overheating with H2SO4, and to make sure 
that the persulfate (solid material) has not 
deteriorated. It should contain over 90 per cent 
of the. reagent. 

Note 2. — In commercial chrome greens con- 
taining silicates and barium sulfate, filtration 
to remove the “acid insoluble matter” after 
fuming the sample with acid and diluting is 
advisable though not necessary. The end point 
of the subsequent titration of the clear solution 
is easier to see, and there is less chance for 
“bumping” during boiling if these are removed. 
In the case of commercial greens and yellows, 
the solution after fuming with H2SO4 and 
diluting could be filtered and the precipitated 
lead sulfate weighed directly for total lead. 
This would likewise give a clear filtrate for the 
chromium titration. 

Zinc, Calcium, and Magnesium 

8. Precipitate with H-aS any zinc in 
the filtrate from the first NH4OH pre- 
cipitate, filter, wash with diluted 
(NH4)2S, dissolve the zinc sulfide in 
diluted HCl, and determine the Zn con- 
tent volumetrically by the K4Fe(CN)6 
method. In the filtrate from the zinc, 
sulfide, determine calcium by the oxalate 
method and magnesium as Mg2P207. 


1 Kelly, Journal of Industrial and Ensineerini; Chemis- 
iry, Vol. 13, p. 1053 (1921). 
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Sulfuric Anhydride 

9. Heat 1 g. of the sample with 10 ml, 
of HCl (sp. gr. 1.19) until free chlorine is 
expelled, add about 300 ml. of water, 
and boil. Filter off any insoluble matter 
and wash thoroughly with hot water, 
heat to boiling, and precipitate with 
BaCla solution in the usual manner. 
Keep the solution hot while filtering off 
the BaS 04 , and wash with hot water 
until the washings show no lead or 
chlorine. 

Carbon Dioxide 


Blue Pigments 

(Iron Cyanide Blues (Prussian Blue, 
Chinese Blue, Antwerp Blue, 
Milori Blue, Bronze Blue, 

Steel Blue)) 

Note. — T he analysis of these blues, as is gen- 
erally the case with pigments, does not neces- 
sarily give results which can be used to grade 
samples, the tinting strength and color tests 
being most important. 

Moisture 

13. Heat 2 g. of the sample at 105 C, 
for 2 hr. Report the loss in weight as 
moisture. 


10. Determine carbon dioxide by the 
evolution method, using diluted HNO3 
free from oxides of nitrogen. 

Water-Soluble Matter 

11. Transfer 2.5 g. of the sample to a 
graduated 250-ml. tlask, add 100 ml. of 
water and boil for 5 min. Cool to room 
temperature, dilute to the mark with 
water, mix, and allow to settle. Filter 
the supernatant lic^uid through a dry 
filter paper and discard the first 25 ml. 
of the filtrate. Transfer 100 ml. of the 
clear filtrate to a weighed dish, evaporate 
to dryness on a steam bath, dry for 1 
hr. in an oven at 105 to 110 C., cool, and 
weigh. Calculate the percentage of 
water-soluble matter. 

Calculations 

12. Calculate CrOa to PbCr 04 and 
SO3 to PbSOa if calcium is absent. 
If CO 2 is present and calcium and 
magnesium are absent, calculate to 
(PbC 03 ) 2 -Pb( 0 H) 2 . Report any resi- 
dual Pb as PbO. If calcium is present, 
calculate to CaCOs if CO 2 is also pre- 
sent. If calcium and SO3 are present and 
CO 2 is absent, calculate to CaS 04 . If 
calcium, CO 2 , and SO3 are present, 
calculate to CaCOs; any residual cal- 
cium is then calculated to CaS 04 . Re- 
port zinc as ZnO. 


Insoluble Matter 

14. Ignite 1 g. of the sample in a por- 
celain dish at a low temperature. Just 
high enough to decompose the last trace 
of blue but not high enough to render 
the iron difficultly soluble in HCl. Cool, 
add 15 ml. of HCl (sp. gr. 1.19) and a 
few drops of bromine, cover with a watch 
glass, and digest on the steam bath. 
Wash off cover, evaporate to a sirup, 
add water, boil, filter, wash with hot 
water, ignite the residue, and weigh. 
Examine the insoluble residue for silica, 
barium sulfate, and alumina. 

Iron and Aluminum 

15. Determine, iron and aluminum in 
the filtrate from the insoluble matter 
(Section 14) by precipitation with 
NH4OH in the usual manner. A double 
precipitation is desirable. Ignite and 
weigh FeaOs -p AI2O3, deduct Fe 203 (cal- 
culated from total Fe), and calculate 
AI2O3 to Al. 

Calcium 

16. Determine calcium in the filtrate 
from the Fe203 + AI2O3 by precipitation 
with ammonium oxalate. Titrate with 
KMn04, or ignite and weigh as CaO. 
Acidity the filtrate from the calcium 
oxalate with HCl, dilute to a definite 
volume, and mix. 
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Sulfuric Anhydride 

17. Determine sulfuric anhydride in an 
aliquot of the solution, just prepared in 
Section 16 from the filtrate from the cal- 
cium oxalate, as BaS 04 in the usual 
manner (see Section 9). 

Alkali Metal and Alkaline Salts 

18. Evaporate an aliquot of the solu- 
tion, just prepared in Section 16 from 
the filtrate from the calcium oxalate, 
with H2SO4, ignite (treating with solid 
ammonium carbonate), and weigh. De- 
termine whether the allrali metal is 
sodium or potassium and subtract the 
alkali metal corresponding to the sulfate 
(SO4) found. The remainder is alkali 
combined with the blue and is reported 
as Na or K. 

Total Iron 

19. Decompose and dissolve 1 g. of the 
sample as described in Section 14, re- 
duce, and determine the total iron with 
KMn04 or KsCrsO?. There should be 
not less than 30 per cent, calculated on 
the basis of the dry pigment. 

Total Nitrogen 

20. Determine the total nitrogen on 
1 g. of the sample by the Kjeldahl- 
Gunning Method, digesting for at least 
2| hr. The H2SO4 should not blacken, 
as that would indicate organic adultera- 
tion. 

Water-Soluble Matter 

21. Transfer 2.5 g. of the sample to a 
graduated 250-ml. flask, fill to the mark 
with water, and stopper. Shake vigor- 
ously and let stand at room temperature 
for not less than 15 hr., shaking vigor- 
ously from time to time. Then let 
settle, filter through a dry filter paper, 
and discard the first 25 ml. of the filtrate. 
Transfer 100 ml. of the clear filtrate to a 
weighed dish, evaporate to dryness on a 
steam bath, dry for 1 hr. in an oven at 


105 to 110 C., cool, and weigh. Calcu- 
late the percentage of water-soluble 
matter. 

Added Coloring Matter 

22. Determine added coloring matter 
in accordance with Section 3, omitting 
the treatment with hot water. Also, 
test the pigment with diluted HCl (1:1) 
for ultramarine blue (evolution of H 2 S) 
and carbonates (evolution of CO 2 ). 

Calculations 

23. The percentage of Prussian blue 
may be obtamed with sufficient ac- 
curacy for commercial purposes by mul- 
tiplying the percentage of nitrogen by 
3.404 or the percentage of ammonia by 
2 . 8 . 

Note. — Some blues, for example, Chinese 
blue, may contain tin salts . Others may contain 
manganese or chromium compounds. The 
presence of these compounds should be de- 
termined by a qualitative examination at least. 

Ultramarine Blue 

Note. — An analysis is of little value for de- 
termining the quality of pure ultramarines, but 
is useful in the identification of foreign admix- 
tures. Practical tests as to the stability and 
compatability of the pigment in mixtures with 
other pigments, coloring power, tint, fineness, 
fastness to light, etc., are more important than 
chenaical analysis. 

Moisture 

24. Heat 2 g. of the sample at 105 C. 
for 2 hr., cool, and weigh. Report the 
loss in weight as moisture. 

Silica 

25. Treat 1 g. of the sample in a cov- 
ered dish or casserole with 30 ml. of 
HCl (1:1), heat until decomposed. 
Wash off and remove cover, and evapo- 
rate to dryness on the steam bath. 
Moisten with HCl (sp. gr. 1.19) and 
again evaporate to dryness, add 1 to 2 
ml. of HCl (sp. gr. 1.19), let stand about 
5 min., add hot water, filter, and wash 
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the Insoluble matter with hot water. If 
great accuracy is desired, evaporate the 
filtrate to dryness, take up with HCl 
and water, filter on a second paper, 
wash, and add the residue to the main 
insoluble matter. Ignite the insoluble 
matter, cool, and weigh. Determine 
Si02 by volatilization with H2SO4 and 
HF. Make a qualitative examination 
of any residue that may remain. 

Alumina 

26. Render the filtrate from the silica 
faintly alkaline with NH4OH, boil a few 
minutes, filter, wash with a hot solution 
of NH4CI (2 per cent), ignite, and weigh 
as Al203(4-Fe203). For more accurate 
work, dissolve the Al(OH)3 precipitate 
in FICl and reprecipitate as above. 

Sodium Oxide 

27. Acidify the filtrate from the AI2O3 
with H2SO4, evaporate to dryness, ignite 
(finally adding solid ammonium car- 
bonate), and weigh as Na2S04. Calcu- 
late to Na20. If calcium is present it 
should be precipitated with ammonium 
oxalate in the filtrate from the AI2O3, 
ignited, and weighed as CaO, and the 
sodium determined in the filtrate from 
the calcium oxalate, as described. 

Total Sulfur 

28. Mix 1 g. of the sample with 4 g. 
of Na2C03 and 4 g. of Na202 in a nickel 
crucible, cover with about 1 g. of Na2C03, 
and fuse, using an aluminum or asbestos 
shield to prevent the sulfur being taken 
up from the gas. Dissolve the fused mass 
in diluted HCl (1:2), filter and wash if 
necessary (there should be no insoluble 
residue), precipitate with BaCb and de- 
termine total sulfur by weighing as 
BaS04. Calculate to S. 

Sulfur Present as Sulfate 

29. Dissolve 1 g. of the sample in 
diluted HCl (1:1), boil to expel H2S, and 


filter if necessary; make the solution 
faintly alkaline with NH4OH and just 
distinctly acid with HCl, and treat with 
BaCb in the usual manner. Calculate 
BaS04 to SO3 and to S. 

Sulfur Present as Sulfide 

30. Subtract the sulfur present as 
sulfate from the total sulfur to obtain 
the sulfur present as sulfide. 

Cobalt Blue® 

Note. — This pigment is essentially a com- 
pound of the oxides of aluminum and cobalt. 
Certain shades of ultramarine blue are often 
sold under the name “cobalt blue.” 

Moisture 

31. Heat 2 g. of the sample at 105 C. 
for 2 hr. Report the loss in weight as 
moisture. 

Alumina 

32. Fuse 1 g. of the sample with 12 to 
15 g. of sodium or potassium pyrosulfate, 
cool, digest with water and HCl, filter, 
and wash the residue with hot water. 
Make the filtrate up to 250 ml. in a 
graduated flask and mix. Ignite the 
residue, cool, weigh, and examine for 
Si02 and BaS04. Dilute an aliquot of 
the filtrate to 200 ml., add 5 g. of NH4CI, 
heat to boiling, and add diluted NH4OH 
(1: 5) until just distinctly alkaline (a few 
drops of 0.2 per cent alcoholic solution of 
methyl red is recommended as indicator). 
Boil for 1 or 2 min., filter at once, dis- 
solve the precipitate with HCl (1:1), 
and reprecipitate as before. Filter, 
wash thoroughly with hot NH4CI (or 
NH4NO3) solution (2 per cent), ignite, 
and weigh as AI2O3. 

Calcium and Magnesium 

33. Unite the filtrates from the AI2O3, 
saturate with H2S, filter, and determine 

« "Analysis of Paint and Varnish Products,” C. D. 
Holley, p. 210 (1912). 
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calcium and magnesium in the filtrate 
ill the usual manner. 

Cobalt Oxides 

34. Subtract from 100 the constitu- 
ents determined in accordance with 
Sections 31 to 33 and report the differ- 
ence as cobalt oxides, unless a qualitative 
examination shows the presence of other 
substances in significant amounts. 
Should the pigment contain phosphoric 
acid (or arsenic acid) in more than 
negligible amounts, these must be re- 
moved before determining aluminum, 
calcium and magnesium.^ 

Sublimed Blue Lead^° 

Total Lead 

35. Digest 1 g. of the sample with 15 
ml. of HNO 3 (sp. gr. 1.42) in a covered 
beaker. Boil the solution until the 
brown fumes of the oxides of nitrogen 
have disappeared. Add 6 ml. of H 2 SO 4 
(sp. gr. 1.84) and again boil until the 
heavy fumes of SOs are evolved. Allow 
the solution to cool, add 30 ml. of water, 
and boil. Remove the beaker from the 
hot plate and allow the solution to stand 
for from 3 to 4 hr. Filter the solution, 
washing the precipitate by decantation 
three or four times and allowing the bulk 
of the precipitate to remain in the 
beaker- Place this beaker containing 
the residual lead sulfate under the funnel 
used for the filtration, wash the filter 
paper with 75 ml. of a mixture consisting 
of 95 ml. of NH 4 OH (sp. gr. 0.90), 125 
ml. of 80 per cent acetic acid and 100 
ml. of water. Follow this washing with 
75 ml. of hot water. Boil until all 
PbSOi is dissolved. Dilute to 200 ml. 
with hot w^ater, boil, and then titrate 
with standard ammonium molybdate 
solution, using a freshly prepared solu- 
tion of one part of tannic acid in 300 

9 See “Technical Methods of Chemical Analysis,” 
Lunge-Eeane. Vol. HI. Part II, p. 978, (1914). 

19 “The Chemical Analysis of Lead and Its Com- 
pounds,” Schaeffer and While pp, 22 to 24. 


parts of water as an outside indicator. 
Run a blank and correct for the same. 
The ammonium molybdate solution con- 
tains 8.67 g. in 1 liter of water and is 
standardized against pure lead foil, pure 
PbO, or pure PbSOi. 

Total Sulfur 

36. Treat 0.5 g. of the sample in a 
beaker with 10 ml. of water and a few 
milliliters of bromine w^ater. Boil gently 
until all the bromine has passed off. 
Dilute with water, add another portion 
of bromine water, boil, and continue the 
treatment until the sediment has become 
white in color. Add 8 ml. of HNO3 
(sp. gr. 1.42), evaporate the solution 
until the brown fumes of NO 2 have dis- 
appeared, dilute with water and add an 
excess of Na 2 C 03 . Boil gently (cov- 
ered) for from 10 to 15 min. and let 
stand for 4 hr. Dilute with hot water, 
filter, and wash with hot water. Reject 
the residue. Acidify the filtrate (about 
200 ml.) -with HCl and add an excess’ of 
about 2 ml. of the acid. Boil and add a 
slight excess of BaCb solution (10 per 
cent). Let stand on a steam bath about 
1 hr., filter, wash with hot water, ignite 
and weigh as BaS04. Calculate the 
BaS 04 to S. 

Lead Sulfate 

37. On a separate sample determine 
the sulfate directly with Na 2 C 03 as in 
Section 36, without any preliminary 
treatment with bromine water or HNO3. 

Lead Sulfite 

38. Boil 1.5 g. of the sample with 3 
g. of Na 2 C 03 , let stand, filter, and wash 
thoroughly. To the filtrate add 3 ml. 
of bromine “water, heat gently to oxidize 
the sulfite to sulfate, acidity with HCl, 
and precipitate with BaCb solution. 
Filter, wash, ignite, and weigh as BaS 04 . 
Deduct the amount present as sulfate 
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and calculate the remainder to lead sul- 
fite (PbSOg). 

Lead Sulfide 

39. Deduct the sulfur present as sul- 
fate and sulfite from the total sulfur 
and report the difference as lead sulfide 
(PbS). 

Lead Carbonate 

40. Determine any CO2 present by the 
evolution method, removing any HgS 
or SO2 formed by means of KMn04 or 
CrOa solution. Calculate to PbCOa. 

Lead Oxide 

41. Deduct the lead present as sulfate, 
sulfite, sulfide, and carbonate from the 
total lead and report the difference as 
lead oxide (PbO). 

Zinc Oxide 

42. Boil 1 g. of the sample with a 
solution of 4 g. of NH4CI in 30 ml. of 
water plus 6 ml. of HCl (sp. gr. 1.19). 
Dilute to 200 ml. with hot water, add 
2 ml. of a saturated sodium thiosulfate 
solution, and titrate with a standard 
solution of potassium ferrocyanide, using 
a 5 per cent solution of a uranium nitrate 
as an outside indicator. Report as ZnO. 

Carbon and Volatile Matter 

43. Ignite a weighed portion of the 
sample in a partially covered crucible at 
a low red heat for 2 hr., cool, and weigh. 
Report the loss in weight as carbon and 
volatile matter. 

Chrome Green 

Note. — A pure chrome green should contain 
only Prussian blue and pure chrome yellow. A 
microscopic examination should be made to 
determine whether the green is a combined 
precipitation product, which is of the greater 
value, or one mixed after separate precipitation. 
A good green will show the presence of green 
and blue particles, while a poor green will show 
yellow and blue particles mixed with green. 


Moisture 

44. Heat 2 g, of the sample at 105 C. 
for 2 hr. Report the loss in weight as 
moisture. 

Insoluble Matter 

45. Heat gently 1 g. of the sample in a 
small porcelain dish until the blue color 
has been decomposed. The heating 
should be carried out very carefully so 
as not to render the iron difficulty sol- 
uble. (With some very pure chrome 
greens it may be advantageous to mix 
the sample with two to five times its 
weight of pure BaSOd before igniting.) 
Let cool, transfer to a beaker, and de- 
termine insoluble matter as outlined in 
Section 5 for Yellow Pigments. 

Lead 

46. Determine lead in the filtrate from 
the insoluble matter determination (Sec- 
tion 45) in accordance with Section 6 for 
Yellow Pigments. 

Iron, Aluminum, and Chromium 

47. Determine iron, aluminum, and 
chromium in the filtrate from the lead 
determination (Section 46) in accord- 
ance with Section 7 for Yellow Pig- 
ments, making a double precipitation. 

Zinc, Calcium, and Magnesium 

48. Determine zinc, calcium, and 
magnesium in the filtrate from the iron, 
aluminum, and chromium determination 
(Section 47) in accordance with Section 
8 for Yellow Pigments. 

Carbon Dioxide 

49. Determine CO2 by the evolution 
method, using diluted HNO3 (1:5). 

Sulfuric Anhydride 

50., Heat gently 1 g. of the sample as 
in Section 45, cool, transfer to a beaker, 
add 30 ml. of HCl (sp. gr. 1.19), cover, 
and heat on a steam bath for about 30 
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min. (in some cases, the iron compounds 
will go into solution more readily by 
letting the solution stand for some time 
at room temperature and then heating). 
Wash the cover, add 50 ml. of boiling 
water, boil for 5 min., filter, render the 
filtrate faintly alkaline with NH4OH, 
then slightly acid with HCl, heat to boil- 
ing, and precipitate with BaCla (15 ml. 
of 10 per cent solution) in the usual man- 
ner, boiling about 10 min. Filter, wash 
with hot water, ignite, and weigh the 
BaS04. 

Nitrogen 

51. Determine nitrogen on 1 g. of 
the sample by the Kjeldahl-Gunning 
method, digesting for at least 2| hr. 

Water-Soluble Matter 

52. Make the test for water-soluble 
matter in accordance with Section 21. 

Added Coloring Matter 

53. Determine added coloring matter 
in accordance with Section 3. Also, test 
the pigment with diluted HCl (1:1) for 
the presence of ultramarine blue (evo- 
lution of H2S). 

Chrome Oxide Green 

Note.— Chrome oxide green is practically 
pure chromic oxide (Cr203) without any ad- 
mixture. 

Moisture 

54. Determine moisture in accordance 
with Section 44. 

Water-Soluble Matter 

55. Determine water-soluble matter in 
accordance with Section 11. 

Total Chromium 

56. Special Solutions Required: (a) 
Standard Ferrous Solution.~-T>]s,'&o\ve 
39.25 g. of ferrous ammonium sulfate 
crystals in 950 ml. of distilled water and 
add 50 ml. of H2SO4 (sp. gr. 1.84). 


(6) Decinormal Potassium Perman- 
ganate Solution . — Dissolve 3.2 g. of pure 
KMn04 in 1 liter of distilled water, let 
stand 8 to 14 days, siphon off the clear 
solution (or filter through asbestos), and 
standardize as follows: In a 400-ml. 
beaker dissolve 0.20 to 0.25 g. (accu- 
rately weighed) of pure K2Cr207 crystals 
in about 300 ml. of water and add 20 ml. 
of H2SO4 (1:1). Add a measured excess 
of FeS04 solution (0.1 N) and titrate 
back with the KMn04 solution which is 
being standardized. Now take the same 
volume of FeS04 solution and dilute to 
300 ml. and titrate with the KMn04 
solution. The difference between the 
two titrations represents the ferrous sul- 
fate that was oxidized by the K2Cr207 in 
terms of milliliter readings of KMn04. 
The weight of pure K2Cr207 divided by 
the milliliter readings of KMn04 (by 
difference) gives the grams of K2Cr207 
equivalent to 1 ml. of KMn04. One 
milliliter of the KMn04 solution should 
be equal to about 0.00173 g. of chro- 
mium. 

57. Procedure . — Mix thoroughly 
about 0.25 g. (accurately weighed) of 
the sample with approximately 5 g. of 
sodium peroxide (containing at least 90 
per cent Na202) in a 30-mL pure iron 
crucible (ordinary iron crucibles may 
contain some chromium and manganese) 
and fuse carefully over a gas flame. 
Fusion at a low red heat for 5 min., after 
the mass has melted, will insure com- 
plete decomposition. Allow the cruci- 
ble to partly cool, and while tightly 
covered, tap on an iron plate to loosen 
the fusion in a solid cake. Place the 
cake in a covered beaker and dissolve 
with 200 ml. of warm water. Rinse the 
crucible and cover with warm water, 
adding to the main portion. Add ap- 
proximately 1 g. of Na202 and boil the 
solution vigorously for 10 min. to destroy 
excess peroxide. If excess peroxide is 
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not destroyed, some of the chromium 
will be reduced when the solution is 
acidified. Cool, and acidify with H 2 SO 4 
(1:1) (about 50 ml). A clear solution 
with a few scales of magnetic oxide 
should result. Immediately cool again, 
add 5 ml. of H 3 PO 4 (sirup, sp. gr. 1.7), 
transfer to an 800-ml. beaker, and dilute 
with cold water to 500 ml. Add an 
accurately measured excess (about 100 
ml.) of approximately 0.1 N ferrous 
ammonium sulfate to the solution while 
stirring. When reduction is complete a 
deep pure green color should develop, and 
a drop of the liquid when tested with a 
drop of diluted potassium ferricyanide 
solution should give a blue color. Set 
the beaker about 0.5 in. above a white 
tile to secure good light. Determine 
the excess of ferrous solution by titration 


with a standard solution of KMn 04 (ap- 
proximately 0.1 N). Take the first 
faint permanent darkening of the clear 
green color as the end point. Addition 
of more KMn 04 increases the depth of 
the color which finally becomes purple. 
The end point is quite sharp and well 
defined, but requires some practice. In 
exactly the same manner carry through 
a blank determination, starting with a 
peroxide fusion. Finally, add the exact 
volume of ferrous solution as was used 
in the determination and titrate back 
with the KMn 04 solution. The differ- 
ence between the volumes required in 
the two titrations represents the chro- 
mium in the sample, and the percentage 
is found by multiplying this value by 
400 times the chromium titer of the 
KMn 04 solution. 
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Scope 

1. These methods cover procedures 
for the chemical analysis of yellow, 
orange, red, and brown pigments con- 
taining iron and manganese. 

Preparation of Sample 

2. Dry pigments, if lumpy or not 
finely ground, shall be ground to a fine 
powder for analysis. Large samples 
may be thoroughly mixed and a repre- 
sentative portion taken and powdered 
if lumpy or not finely ground. The 
sample in all cases shall be thoroughly 
mixed before taking portions for an- 
alysis. Extracted pigments shall be 
ground to a fine powder, passed through 
a No. 80 (177-mic.ron) sieve^ to remove 
any skins, and thoroughly mixed. The 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1917 to 1918. Editorially re- 
vised and rearranged In 1939. 

5 Detailed requirements for this sieve arc given in the 
Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11), which appears in this puL 
lication, sec Contents in Numeric Sequence of A.S.T.M, 
Designations at front of book. 


weighed portions of extracted pigments 
should be moistened with a little alcohol 
before adding reagents for analysis. All 
samples shall be preserved in stoppered 
bottles or containers. 

Indian Reds, Red Oxides (Prince’s 
Metallic, Tuscan Red) 

Loss at 100 C. 

3. Heat 2 g. at 100 C. in a steam- 
jacketed oven at atmospheric pressure 
for 3 hr., or to constant weight. 

Loss on Ignition 

4. Ignite a portion in a covered porce- 
lain crucible to constant weight. This 
may include combined water, CO 2 , or- 
ganic matter, and some SO? if much 
CaS04 is present. CO 2 may be deter- 
mined on a separate portion of the 
sample if desired.^ 

Free Acid or Alkali 

5. Boil 10 g. of the sample with 100 
ml. of water; filter, and wash. Test 

< It is inadvisable to use platinum unless it is known 
that attacking substances are absent. 
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filtrate with litmus paper; if acid, titrate 
with standard alkali and methyl orange 
and calculate to the equivalent of H2SO4. 
If alkaline, titrate with acid and calcu- 
late to the equivalent of Na20. Test 
filtrate for alkali salts and alkaline 
earths. 

Added Coloring Matter 

6. Boil 2 g. of the sample with 25 ml. 
of distilled water, let settle, decant the 
supernatant liquid. Boil the residue 
with 25 ml. of 95 per cent ethyl alcohol 
and decant as before. Boil the residue 
with 25 ml. of 1 A alcoholic NaOH 
and again decant. Boil another 2 g. 
portion of the sample with 25 ml. of 
chloroform, let settle, and decant the 
supernatant liquid. If any one of the 
above solutions is colored, organic color- 
ing matter is indicated (Note 1). If the 
solutions should remain colorless, organic 
colors are probably absent. 

Note 1. — With this class of pigments the 
presence of an organic color may often be noted 
by the characteristic odor given off on ignition. 

Note 2. — If it is desired to test for organic 
colors resistant to the above reagents, the test 
procedures described in the following books 
may be used, taking into account the nature of 
the pigment involved: Zerr and Mayer, “Tests 
for Coal Tar Colors in Aniline Lakes”; Schultz 
and Julius, “A Systematic Survey of the Organic 
Coloring Matters”; Mulliken, “Identification 
of Pure Organic Compounds,” Commercial 
Dyestuffs, Vol. III. 

Insoluble Matter, Iron Oxide, etc. 

7. {a) Digest 2.5 g. of the sample 
(previously roasted at a low tempera- 
ture if much organic matter is present; 
if very low in carbonaceous matter a 
little KCIO3 or NaClOs may be used in 
effecting solution) with 25 ml. of HCl 
(adding a little HNO3 or chlorate, if not 
already added), wash off cover, and 
evaporate to dryness. Take up with 
HCl and water, filter, wash with diluted 
HCl (1 :99) and cold water. Make the 
filtrate up to 500 ml., mix, and examine 


as below.® Ignite the residue and weigh 
as “insoluble matter”;® if this contains 
BaS04 it may be determined by fusing 
with six times its weight of Na2C03, 
cooling, digesting with hot water, filter- 
ing, and washing the residue with hot 
water until free of sulfate. 

(5) Remove the filtrate and place the 
beaker used for the digestion underneath 
the funnel, pierce the filter with the glass 
rod, and wash the residue with a little 
water into the beaker; then pour hot 
diluted HCl (1: 1) over paper, and finally 
wash with hot water. If necessary add 
more HCl to the beaker to dissolve the 
BaCOa. Heat to boiling, add diluted 
H2SO4 in slight excess, and let stand 
about 1 hr. on a steam bath. Filter, 
wash, dry, ignite, and weigh as BaS04. 
(This subtracted from total insoluble 
matter will give “insoluble siliceous mat- 
ter,” if it is desired to so report.) If it is 
desirable to analyze the insoluble siliceous 
matter, this may be done by the usual 
methods for silicate analysis, but the re- 
sults should be reported as a separate 
analysis. 

(c) For the determination of iron, 
place 100 ml. of the first filtrate in a 
flask, add about 3 g. of granulated zinc, 
put a funnel into the neck of the flask, 
heat when the action slackens; if basic 
salts separate out add a few drops of 
HCl. When the reduction is complete, 
add 30 ml. of H2SO4 (1:2) and, as soon 
as the residual zinc is dissolved, wash 
down the funnel inside and out and the 
neck of the flask with a fine jet of water, 
filling the flask (1000 ml.) about two- 
thirds full. Cool in water and add 10 
ml. of “titrating solution” (made by 
dissolving 160 g. of manganese sulfate 
in water, diluting to 1750 ml., adding 330 
ml. of H3PO4 (sp. gr. 1.72) and 320 ml 

‘For more exact work this filtrate should be evaporated 
to dryness and SiOi removed. 

‘ If the insoluble contains appreciable amounts of Fe 
it will be necessary to fuse it with NasCOs or potassium 
pyrosulfate (KsSsOr) to determine total Fein samples. 
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of H 2 SO 4 (sp. gr. 1.84)), and titrate with 
KMnOi (5.659 g. per liter) that has 
been standardized against the National 
Bureau of Standards’ standard sample 
No. 40 of sodium oxalate. Run a 
blank on the zinc, correct for same, and 
calculate total iron as Fe 203 . Instead 
of adding the zinc to the solution, the 
reduction may be effected in a zinc re- 
dactor.^ 

(d) The Fe 203 may also be determined 
by the K 2 Cr 207 method.® 

Lime 

8. (a) Dilute an aliquot of 100 ml. 
of the original solution to about 200 ml, 
add 10 ml. of HCl (sp. gr. 1.19), make 
alkaline with NH4OH, add 2 or 3 ml. 
of bromine water, and boil until the 
excess NH3 is expelled. Let settle, wash 
by decantation, redissolve in HCl, and 
reprecipitate with NH4OH and bromine 
water. (Precipitate equals Fe 203 * 
Al 203 *Ti 02 ’P 205 'Mn 02 .) This pre- 
cipitate may be ignited and weighed if 
desired. 

(5) To the combined filtrates add a 
few drops of NH4OH, heat to boiling, 
and add an excess of saturated ammo- 
nium-oxalate solution. Continue the 
boiling until the precipitate becomes 
granular, let stand about 30 min., filter, 
and wash with hot water until free of 
ammonium oxalate.® Place the beaker 
in which precipitation was made under 
the funnel, pierce the apex of the filter 
with a stirring rod, and wash precipitate 
into beaker with hot water. Pour warm 
diluted H 2 SO 4 (1;4) through paper and 
wash a few times. Add about 30 ml. of 
H 2 SO 4 (1:4), dilute to about 250 ml., 
heat to 90 C., and titrate at once with 
standard KMn 04 solution (solution 
should not be below 60 C. when end 


’ Lord and Demorest, “Metallurgical Analysis,” 1913, 
pp. 28-29. 

» Ibid., pp. 21-26. 

• For more exact work this precipitate should be dis- 
solved in HCl and the calcium oxalate reprecipitated as 
above. 


point is reached). Calculate to CaO. 
(The Fe value of KMnOi X 0.502 = 
CaO.) The calcium oxalate precipitate 
may be ignited to constant weight as 
CaO. If desired, magnesia may be de- 
termined as Mg2P207 in the usual man- 
ner in the filtrate from the calcium 
oxalate.^® 

Soluble Sulfates 

9. Treat 1 g.^^ of the sample (roasted 
gently if much organic matter is present) 
with 30 ml. of HCl (sp. gr. 1.19), boil 10 
min., add about 50 ml. of water, boil, 
filter, and wash with hot water. Heat 
the solution to boiling, add NH4OH, 
filter, and wash a few times with hot 
water. Dissolve precipitate in hot di- 
luted HCl (1:1), reprecipitate with 
NH4OH, wash well with hot water. 
Render united filtrates just distinctly 
acid with HCl, boil, add drop by 
drop, while stirring, a BaCL solution 
(10 per cent) in excess, boil about 10 
min., filter on a Gooch crucible, wash 
with hot water, ignite, and weigh as 
BaS04. Calculate to SO3 or CaS04. 

Total Sulfur 

10. Treat 5 g. of the sample in a 
covered porcelain dish with 50 ml. of 
aqua regia (1 HN 03:9 HCl) and evapo- 
rate to dryness on steam bath. Add 20 
ml. of HCl (sp. gr. 1.19) and about 250 
ml. of water, make double NHjOH 
precipitation. Determine BaS 04 as de- 
scribed in Section 9. 

OCHERS 

Procedure 

11. Using 1 g. of the sample or an 
aliquot corresponding to this weight. 


If desired, a direct determination of AbOa may be 
made on an aliquot of the solution or on the HCl solution 
of the NHiOH precipitate by Peters’ phosphate method 
(this will include titantic acid) as described by Blair, 
“The Chemical Analysis of Iron,” and Philips, “Methods 
of Iron Analysis Used in the Pittsburgh District.” 

If low in soluble sulfates, use a larger portion of the 
sample. 
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j determine the loss at 100 C., loss on 
ignition, insoluble matter, total or solu- 
ble iron, alumina, lime, and sulfur as 
described in Sections 3, 4, 7, 8, 9, and 10. 
Test for solubility in water and reaction 
to litmus paper. 

Lead 

12. If present, the lead is removed in 
the above scheme by nearly neutralizing 

; the filtrate from the insoluble matter 
with NH4OH, cooling, and passing in 
H2S to precipitate PbS. Filter, wash 
with water containing H2S, dissolve 
PbS in hot diluted HNO3, add 10 ml. 
of H2SO4 (sp. gr. 1.84), evaporate until 
SO3 is evolved, cool, dilute to 200 ml., 
let stand a few hours, filter on a Gooch 
crucible, wash with H2SO4 (1 per cent), 
ignite, and weigh as PbS04. Calculate 
to PbO or Pb. Heat the filtrate from 
the PbS to expel H2S, oxidize with a 
little HNO3, and dilute to volume if 
working on more than 1 g. 

Iron 

13. The iron is best determined in an 
aliquot by the K2Cr207 method. Treat 
another aliquot with NH4OH, the pre- 
cipitate contains Al203-Fe203-Cr203* 
p205-Ti02. Lime and MgO may be 
determined in the filtrate. 

Chromic Oxide 

14. {a) Dissolve the NH4OH precipi- 
tate in hot diluted FICl, wash paper with 
hot water, cool, oxidize with Na202, boil 

i vigorously for 10 to 15 min. to expel 
H2O2, and cool. Wash off cover glass, 
I dilute to about 150 ml., and acidify 
with H2SO4. Add a measured excess 
! of ferrous ammonium sulfate solution 

I (12,4 g. of (NH4)2Fe(S04)2'6H20 and 

50 ml. of H2SO4 (sp. gr. 1.84), diluted 
with water to 1 liter) and titrate back 
with standard K2Cr207 solution, using 
K3Fe(CN) 6 solution as an outside indica- 
! tor. Titrate the (NH4)2Fe(S04)2*6H20 


solution with the K2Cr207 solution 
to determine its value in terms of the 
latter. The Fe value of the K2Cr207 
solution X 0.597 = CrOs. 

(b) Or, moisten 1 g. of the sample 
with water, add 5 ml. of HCl (sp. gr. 
1.19), boil a few minutes, cool, add 
Na202 in excess, boil to expel H2O2, cool, 
wash off the cover glass, dilute, acidify 
with H2SO4, and titrate CrOs as de- 
scribed in Paragraph (a). 

(c) Calculation. — Calculate the 

chromic oxide as follows: 

CrOa = AX 0.597 

where: 

A = the Fe value of the K2Cr207 
solution. 

Venetian Red 

Procedure 

15. Analyze the sample as described 
in Sections 3 to 10. Insoluble matter 
may be treated with HF and H2SO4 to 
determine Si02 by loss, if desired. 

Siennas and Umbers 
Procedure 

16. After gently roasting the sample 
to destroy organic matter, analyze it as 
described in Sections 3 to 10. 

Manganese 

17. Special Solutions Required: {a) 
Standard KMnOi. — Dissolve 1 g. of 
KMn04 in a liter of water. The Fe 
value of this solution X 0.197 = Mn. 
This solution may be standardized 
against the National Bureau of Stand- 
ards’ Standard Sample No. 40 of 
sodium oxalate (using about 0.05 to 
0.1 g.).^^ Weight of Na2C204 X 0.164 
= Mn. 

(b) Standard Ferrous Ammonium Sul- 
fate Solution. — Twelve grams of 

w W, Blum, “Original Communications,” Eighth. Inter- 
national Congress of Applied Chemistry, Vol. I, pp. 61-85. 
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Fe(NH 4 ) 2 (S 04 ) 2 - 6 H 20 , 25 ml. of H 2 SO 4 
(sp. gr. 1.84), and 25 ml. of H3PO4 (sp. gr. 
about 1.7) are made up to 1 liter with 
water. The value of this solution should 
be determined against the KMn 04 each 
day as follows: Measure into a 200-ml. 
Erlenmeyer flask 50 ml. of diluted 
HNO3 (1:3), cool, add a little bismu- 
thate, dilute with 50 ml. of HNO3 
(3:97), filter by suction through an as- 
bestos felt into a 300-ml. Erlenmeyer 
flask, and wash with 50 ml. of HNO3 (3 
per cent). Run in 25 ml. of the ferrous 
solution and titrate with KMn 04 solu- 
tion. Instead of titrating the perman- 
ganic acid formed by the bismuthate 
with the ferrous solution and then titrat- 
ing back with KHnO-i, a direct titration 
with standard sodium arsenite solution 
may be made.^^ 

Manganese 

18. Procedure . — Manganese is deter- 
mined by the bismuthate method. 
Ignite gently (to destroy organic matter) 
1 g. of the sample in a platinum dish, 
cool, add 10 ml. of water, 4 ml. of 
H2SO4 (sp. gr. 1.84), and about 20 ml. of 
HF (if necessary, add a little sulfurous 
acid) . Evaporate until the H2SO4 fumes 
freely, cool, and dissolve in 25 ml. of 
diluted HNO3 (1:3). If no appreciable 
residue remains, transfer to a lOO-ml. 
volumetric flask, using 25 ml. of diluted 
HNO3 (1:3) to rinse the dish, dilute to 
the mark with water, mix thoroughly. 
If there is an appreciable residue, filter 


Lord and Demorest, "Metallurgical Analysis,” 1913, 

1.82. 

n BLiir, “The Chemical Analysis of Iron." 


on a small filter, wash with water, igiisit 
residue in a platinum crucible, and fuee 
with a little sodium or potassium pyro- 
sulfate. Dissolve in water, with the 
addition of a little HNO 3 , add to the 
main filtrate, evaporate nearly to dry- 
ness, take up in diluted HNO 3 (1:3) and 
transfer to the flask as before. Pipette 
an aliquot of 10 ml. into a 200-ml. 
Erlenmeyer flask, add 30 ml. of water 
and 10 ml. of HNO 3 (sp. gr. 1.42) ; add 
about 0.5 g. of sodium bismuthate, heat 
for a few minutes, or until the pink color 
has disappeared with or without the 
precipitation of Mn02. Add a few 
small crystals of NaN 02 or IvN 02 to 
dissolve the Mn 02 and boil the solution 
several minutes to expel nitrous fumes 
(a little Na 2 C 03 will aid this). Add 
water to bring the volume up to 50 ml. 
and cool to about 15 C. ; add about 0.5 g. 
of bismuthate and shake the flask well. 
Add 50 ml. of water containing 30 ml. 
of HNO3 (sp. gr. 1.42) to the liter, filter 
by suction through an asbestos felt into 
a 300-ml. Erlenmeyer flask, and wash 
with 50 to 100 ml. of the same acid. 
Run in a measured volume of standard 
ferrous ammonium sulfate solution and 
titrate to a faint pink color with stand- 
ard KMn 04 solution. The number of 
milliliters of the KMn 04 solution ob- 
tained, subtracted from the number 
corresponding to the volume of ferrous 
solution used, will give the volume of 
KMn 04 equivalent to the manganese in 
the sample, which, multiplied by the 
value of the KMn 04 in Mn, gives the 
weight of manganese in the portion of 
sample used. 


Standard Methods of 

CHEMICAL ANALYSIS OF ZINC DUST (METALLIC 
ZINC POWDER)! 



A.S.T.M. Designation: D 521 -40 
Adopted, 1940." 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 521; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for the chemical analysis of metallic zinc 
powder in the form commercially known 
as zinc dust for use as a pigment in 
paints. 

Treatment of Sample 

2. The sample in all cases shall be 
thoroughly mixed before taking portions 
for analysis. All samples shall be pre- 
served in stoppered bottles or containers. 

Note.-— C aution should be observed in 
protecting the sample from oxidation. 

Moisture and Other Volatile 
Matter 

Procedure 

3. Weigh 2 g. of the sample in a tared 
moisture dish. Dry for 2 hr. at 105 to 
110 C., cool, and weigh. Calculate the 
percentage of moisture and other volatile 
matter, as follows: 

iXlOO 

where: 


1 Under the standardization procedure of the Society, 
these methods are under tiie Jurisdiction of the A.S.T.M. 
Committee D-1 on Taint, Varnish, Lacquer, and Related 
Products. 

» Prior to adoption as standard, these methods were 
ssued as tentative from 1939 to 1940, being revised in 1940. 
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M = percentage of moisture and other 
volatile matter, 

L = loss in weight, and 
IT = weight of sample. 

Total Zinc 

Reagent 

4. Potassium Ferrocyanide Solution . — 
Dissolve 22 g. of K4Fe(CN)6 -31120 in 
water and dilute to 1000 ml. To 
standardize, transfer about 0.2 g. (accu- 
rately weighed) of pure metallic zinc or 
freshly ignited pure zinc oxide to a 400- 
nil. beaker. Dissolve in 10 ml. of HCl 
(sp. gr. 1.19) and 20 ml. of water. Drop 
in a small piece of litmus paper, add 
NH4OH until slightly alkaline, then add 
HCl until just acid, and then 3 ml. more 
of HCL Dilute to about 250 ml. with 
hot water, and heat nearly to boiling. 
Run in the K4Fe(CN)6 solution slowly 
from a burette, while stirring constantly, 
until a drop tested on a white porcelain 
plate with a drop of the uranyl indicator 
shows a brown tinge after standing 1 min. 
Run a blank using the same amounts 
of reagents and vrater as in the stand- 
ardization. Subtract the amount of 
K4Fe(CN)6 solution required for the 
blank from the amounts used in stand- 
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ardization and in titration of the sample. 
The standardization must be made under 
the same conditions of temperature, 
volume, and acidity as obtain when 
the sample is titrated. Calculate the 
strength of the K4Fe(CN)6 solution in 
terms of grams of zinc as follows: 


1 ml of K 4 Fe(CN)G 


wt. of zinc in grams 
ml. of KiFefCNle 


Procedure 

5, Weigh accurately about 0.25 g. of 
the sample, transfer to a 400-ml. beaker, 
moisten with alcohol, dissolve in 10 ml. 
of HCl (sp. gr. 1.19) and 20 ml. of water, 
and titrate with standard K4Fe(CN)6 
following the procedure used in stand- 
ardizing that solution as described in 
Section 4. 


Calculation 

6. Calculate total zinc as zinc oxide 
according to the following formulas: 

a X & X 100 

Total Zinc, per cent =* — 

W 

ZnO, per cent — Zn, per cent X 1.2447 
where: 

a - milliliters of K4Fe(CN)6, 
b = grams of zinc per milliliter, and 

W = weight of sample. 

Metallic Zinc 

Reagents 

7. (a) Potassium Permanganate Solu- 
tion {0.1 AT).— Dissolve 3.2 g. of KMn04 
in 1000 ml. of water. Allow to age for 
at least 10 days, and filter through puri- 
fied asbestos. Standardize against the 
National Bureau of Standards’ standard 
sample No. 40 of sodium oxalate as follows: 
Transfer 0.3 g. of standard sodium oxa- 
late (dried at 105 C.) to a 600-mi, beaker. 
Add 250 ml. of diluted H2SO4 (5:95) 
which has been previously boiled for 10 
to 15 min. and cooled to 27 ± 3 C. Stir 
until the oxalate has dissolved. Add 39 


to 40 ml. of KMn04 (0.1 N) (0.3 g. of so- 
dium oxalate requires 44.78 ml. of 0.1 N 
KMn04) at a rate of 25 to 35 ml, per 
min., while stirring slowly. Let stand 
until the pink color disappears (about 
60 sec.). (If the pink color should per- 
sist because of the addition of an excess 
of the permanganate solution, discard 
and begin again, adding a few milliliters 
less of the KMn04 solution.) Heat to 
55 to 60 C., and complete the titration 
by adding permanganate until a faint 
pink color persists for 30 sec. Add the 
last 0.5 to 1 ml. drop by drop with par- 
ticular care to allow each drop to become 
decolorized before the next is introduced. 
Determine the excess of permanganate 
required to impart a pink color to the 
solution by matching the color in another 
beaker containing the same amount of 
specially treated diluted H2SO4 (5:95) 
at 55 to 60 C. This correction usually 
amounts to 0.03 to 0.05 ml. 

{h) Sodium Acetate Solution {20 per 
cent). 

(c) Ferric Chloride Solution. — Prepare 
a solution containing 20 g. of FeCL- 6H2O 
and 20 ml. of the NaC2H302 solution per 
100 ml. It is advisable to make up only 
one day’s supply at a time (50 ml. for 
each determination) . 

{d) Zimmer man-Reinhardt Solution . — 
Prepare a solution containing 67 g. of 
MnS04'4H20, 130 ml. of H2SO4 (sp. gr. 
1.84), and 138 ml. of H3PO4 (sp. gr. 1.7) 
per liter. 

Procedure® 

8. Weigh accurately approximately 
0.2 g, of the sample, transfer immediately 
to a dry, 600-ml., heavy-wall Erlen- 
meyer flask, and add 50 ml. of the FeCls 
solution. Tightly stopper the flask, and 
agitate constantly for approximately 
15 min. As soon as the zinc dust is all 

• This is a rapid method intended for routine analysis. 
The results are inclined to be somewhat low, and for high- 
est accuracy and particularly for referee tests, the hydro- 
gen evolution method should be used. See Proceedings, 
Am. Soc. Testing Mats., Vol. 18, Part II, p. 220 (1918), 
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dissolved, add 50 ml. of the Zimmerman- 
Reinhardt solution, and 250 ml. of water, 
and titrate with the standard KMn 04 
solution. Correct for a blank titration 
(usually 0.1 to 0.2 ml.). One milliliter 
of 0.1 A” KMn 04 is equivalent to 0.00327 
g. of zinc. 

Calculation 

9. Calculate metallic zinc according 
to the following formula: 

Metallic zinc, per cent = 

ml. of KMn 04 X 0.00327 
wt. of sample 


Note. — preferred, the reduced iron may 
be titrated with a 0.1 iV standard solution of 
K 2 Gr 207 using sodium diphenylamine sulfonate in 
the presence of H3PO4 as an internal indicator.* 

Zinc Oxide 

Calculation 

10. Subtract the percentage of metallic 
zinc (Section 9) calculated to zinc oxide 
from the percentage of total zinc as zinc 
oxide (Section 6) . The remainder is the 
percentage of zinc oxide present. 

< See “Textbook of Quantitative Inorganic Analysis” 
by KolthoS and Sandell, 1936, p. S79. 


Standard Methods of 

CHEMICAL ANALYSIS OF ZINC YELLOW PIGMENT (ZINC 
CHROMATE YELLOW)' 


A.S.T.M. Designation: D 444 - 39 

Adopted, 1939.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 444; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


1. These methods cover procedures for 
the chemical analysis of the pigment 
known commercially as “zinc yellow,” 
or “zinc chromate yellow” (Notes 1, 2, 
and 3). 

Note 1. — According to the work of Denslow, 
it appears probable that zinc yellow is a definite 
salt, the “oxide formula” of which would be 
K20-4Zn0'4CrO3-3H20. 

Note 2. — For ordinary routine work, the fol- 
owing determinations should be sufficient; 
combined water, chromium (CrOa), zinc (ZnO), 
total alkali metals (K 2 O), and sulfates (SO3). 
These should give a summation close to 100 per 
cent. 

Note 3.— In commercial zinc yellow pig- 
ments, using the procedures described in these 
methods, the percentage of zinc calculated as 
ZnO generally varies between 37 and 40. 
The chromium as CrOs generally varies between 
41 and 43 per cent. The sulfates as SO3 
generally vary between 1.4 and 3.3 per cent. 
The combined water generally varies between 
6 and 7 per cent. The alkali metals ex- 
pressed as K 2 O generally vary between 10 and 
12 per cent. 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T,M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

* Prior to adoption as standard, these methods were 
published as tentative from 1937 to 1939, being revised in 
1938 and 1939. 


Preparation of Sample 

2. The dry pigment, if lumpy or not 
finely ground, shall be ground to a fine 
powder for analysis. Large samples may 
be thoroughly mixed and a representative 
portion taken and powdered, if lumpy 
or not finely ground. The sample in 
all cases shall be thoroughly mixed before 
taking portions for analysis. Extracted 
pigments shall be ground to a fine 
powder, passed through a No. 80 (177- 
micron) sieve® to remove any skins, and 
thoroughly mixed. The weighed por- 
tions of extracted pigments should be 
moistened with a little alcohol before 
adding reagents for analysis. All sam- 
ples shall be preserved in stoppered 
bottles or containers. 

Moisture 

3. Weigh 6 g. of the sample in a tared 
moisture dish. Dry the sample over 
night at 110 C. Cool, and weigh the 


* Detailed requirements for this sieve are given in the 
Standard Specifications for Sieves for Testing Purposes 
(A.S,T.M. Designation: E 11) , which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 



953 








Chemical Analysis of Zinc Yellow (D 444 - 39) 


sample. Calculate the percentage of 
moisture as follows : 

loss of wt. 

Moisture, per cent = ;; X 100 

wt. of sample 

Combined Water and Moisture 

4. Weigh 3 g. of the sample and trans- 
fer to a porcelain boat. Introduce the 
boat with the charge into a silica com- 
bustion tube of an electrically-heated 
combustion furnace (of the type used 
for the determination of carbon in steel 
by direct combustion).^ Place the boat 
at the center of the combustion tube 
maintained at a temperature of 1000 C. 
A current of pure dry air drawn through 
the tube sweeps the evolved moisture 
through a train of absorption tubes 
containing PI 2 SO .1 or dry CaCb. The 
weight increase of the absorption tube 
represents the “combined water” (in- 
cluding moisture). Report the results 
as combined water. 

Note 1,— Loss on ignition of the pigment 
does not suffice for the determination of com- 
bined water in zinc chromates. 

Note 2.-^Traces of oil in the pigment should 
first be removed with ether. 

Solution of Sample for Analysis 

5. Dissolve 4 g. of the sample in 50 ml. 
of cold 6 N H2SO4 (160 ml. of H2SO4 (sp. 
gr. 1.84) per liter of solution). It should 
dissolve completely at this stage. Trans- 
fer the solution to a 500-ml. calibrated 
flask and dilute to 500 ml. The solution 
should be approximately 0.1 N in terms 
of chromic acid. 

Chromium 

6. (fl) Special Solution Required . — 
Standard sodium thiosulfate (Na 2 S 203 ) 
solution (0.1 Y). 

(5) Procedure.—Ho a 40 0-ml. beaker 
containing 200 ml. of w^ater, add 2 g. of 
KI (solid) and 5 ml. of II 2 SO 4 (sp. gr. 

■* Refer to Blair, “Chemical Analysis of Iron,” Fig. 63, 


1.84). (Final acidity should be approxi- 
mately 5 ml. of acid per 100 ml. of 
solution.) Pipette a 25-ml. aliquot from 
the zinc chromate - sulfuric acid solution 
as made up in the zinc oxide determina- 
tion into a 500-ml. glass-stoppered Erlen- 
meyer iodimetric flask or other suitable 
glass-stoppered bottle, containing 200 
ml. of diluted sulfuric acid (25 ml. per 
liter). Add 2 g. of potassium iodide 
dissolved in 20 ml. of water, stopper, 
and allow the solution to stand for ap- 
proximately 5 min. Titrate the liber- 
ated iodine with sodium thiosulfate at 
room temperature until the reddish- 
brown iodine color becomes quite faint. 
Then add 5 ml. of freshly prepared starch 
solution and continue the titration until 
the final color change becomes pale 
green with no blue tinge. This final 
titration should be carried out by twirl- 
ing the flask at least three times after 
each addition of the sodium thiosulfate, 
being sure that there is no further color 
change, especially at the final stage of 
the titration. The green end point is 
definite and sharp. The percentage of 
chromic acid may be calculated from 
the following values: 

1 ml. of N sodium thiosulfate = 

0.03334 g. of CrOa. 

Report the amount calculated as 
percentage of CrOs. 

Zinc 

1. {a) Special Solution Required , — 
Potassium ferrocyanide solution stand- 
ardized as follows: Dissolve 42.5 g. of 
K 4 Fe(CN )6 per liter of solution. Dis- 
solve 0.4 g. of pure zinc in 25 ml. of 
HCl (sp.*gr. 1.19). After the zinc has 
completely dissolved, dilute to 300 ml. 
Neutralize the solution with NH4OH, 
add 2g. of NPI4CI and 3 ml. of HCl 
(sp. gr. 1.19). Titrate the solution 
with K 4 Fe(CN)e using uranyl acetate 
as an external indicator on a spot tile 
and ferrous .ammonium sulfate as an 
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internal indicator. Calculate the 
strength of the K4Fe(CN)6 solution in 
terms of grams of zinc as follows: 


1 ml of K4Fe(CN)a = 


grams of zinc 
^r^4Fe(CN)6 


(6) Procedure . — Nearly neutralize 100 
ml. of the solution of the sample (Sec- 
tion 5) with NH4OH, add methyl orange 
indicator and continue neutralization 
with weak NH4OH (1:10) until exactly 
neutral. There should be no precipitate 
formed. The solution must be barely 
acid before beginning the precipitation 
and the acidity (due to liberated 
H2SO4) should not increase to more than 
0.1 N. The precipitation of zinc sulfide 
ceases if the acidity increases to more 
than 559 mg. of H2SO4 per 100 ml. of 
solution; below 0.1 iV acid concentra- 
tion, the precipitation is complete. 
Pass HjS through the solution at a rapid 
rate (at least eight bubbles per second) 
for at least 40 min., keeping the tempera- 
ture below 50 C. Filter the solution 
and wash the precipitate with water. 

Dissolve the ZnS precipitate in hot 
diluted HCl (1:3). Wash the filter 
paper well with hot water. Boil the 
H 2 S out of the ZnS solution, neutralize 
with NH 4 OH and adjust the volume to 
300 ml. Add 2 g. of NH 4 CI, and 3 ml. 
of HCl (sp. gr. 1.19), and heat to boiling. 
Titrate the hot solution with standard 
K 4 Fe(CN)o solution using uranyl acetate 
as an external indicator on a spot plate, 
and 1 to 2 drops of ferrous ammonium 
sulfate as an internal indicator. The 
percentage of zinc in the specimen may 
be calculated from the following formula: 


Total Alkali Metals 

8 . Dissolve 1 g. of the sample in 10 ml. 
of acetic acid (1:1), add 25 ml. of water 
and heat until completely dissolved. 
Dilute to approximately 250 ml. and 
heat the solution to boiling. Add 20 
ml. of lead acetate (10 per cent) and 
allow to settle. Filter off the precipitate 
and w^ash well with hot water. Saturate 
the filtrate with H 2 S, observing the pre- 
cautions as outlined in the procedure for 
determining zinc (Section 7 ( 6 )); zinc 
and excess lead will be precipitated. (It 
is necessary to keep down the concen- 
tration of acetic acid to ensure complete 
removal of the zinc.) Filter, and wash 
the precipitate with cold water. Boil 
the filtrate to expel FI 2 S, then add 3 ml. 
of H 2 SO 4 (1:1), and reduce to a small 
volume by boiling. Transfer the con- 
centrate to a weighed silica dish and 
evaporate to dryness on a hot plate. 
Heat to complete dryness over a bunsen 
burner. Add solid (NH 4 ) 2 C 03 to the 
residue and heat till volatilized. Re- 
peat the operation four times, cool the 
dish, and weigh. Add a few crystals of 
(NH 4 ) 2 C 03 , and again heat the residue 
until volatilized. Cool, and weigh the 
dish, and repeat the operation until con- 
stant weight is obtained. 

The percentage of total alkali may be 
calculated as follows: 

Total sulfate (Na2S04 and K2SO4), per cent 

wt. of alkaline sulfates 

= X 100 

wt. of sample 

Total alkali (K 2 O), per cent 

= percentage of K 2 SO 4 X 0.541 


Zn, per cent = 

ml. of KiFcCCNle X grams of Zn per ml. 
wt. of sample 

ZnO, per cent = percentage of Zn X 1.2447 

Report the amount calculated as 
percentage of ZnO. 


Report the amount calculated as per- 
centage of K2O. 

Note. — The above determination would in- 
clude both potassium and sodium if present. 
Flame test for sodium should be made at this 
point, and if present the procedure for sodium 
should be followed (see Section 11 (a) and (6)). 
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Sulfates 

9. Dissolve 1 g. of the sample in 15 ml. 
of HCl (sp. gr. 1.19). Heat the solution 
to boiling and add 5 ml. of alcohol by 
drops to insure the reduction of chro- 
mium. Reduce the solution to a small 
volume by boiling. Dilute the concen- 
trate to 300 ml. with water and neutral- 
ize with Na2C03 adding 3.5 g. in excess. 
Heat the solution to boiling and boil to 
ensure the conversion of the insoluble 
sulfates to the soluble form. Allow the 
precipitate in the solution to settle on a 
hot plate, and filter. Wash the precipi- 
tate with hot water. Neutralize the 
filtrate with HCl, and boil to expel the 
CO2. Adjust the acidity to 2.5 per cent 
by volume with HCl and add drop by 
drop 15 ml. of BaCb (20 per cent) to the 
solution, keeping the latter boiling. 
Allow the precipitate to settle on a hot 
plate, filter through a weighed Gooch 
crucible, wash, dry, ignite, cool, and 
weigh. The increase in weight repre- 
sents the BaSOi. 


Sulfate, per cent 


wt. of BaSOj X 0.343 
wt. of sample 


Report the amount calculated as per- 
centage of SO3. 

Chlorine 

10. Dissolve 1 g. of the sample in 20 
ml. of H2SO4 (2:3) and heat the solution 
to boiling. Add drop by drop 5 ml. of 
alcohol to the boiling solution; reduction 
of the chromium is complete when a 
clear green solution is obtained. Dilute 
the solution to approximately 250 ml., 
neutralize with Na2C03 and add^a slight 
excess. Boil the solution a few minutes, 
filter, and wash. Acidify with diluted 
HNO3 (1:1), adding 25 ml. in excess. 
Add 10 ml. of standard AgNO^ solution 
(0.05 N) and titrate the excess silver 
nitrate with standard potassium sulfo- 
cyanate (0.05 A^), using ferric sulfate as 


an internal indicator. A red tinge in 
the solution indicates the end point. 
The percentage of chlorine in the sample 
may be calculated as follows : 

Chlorine, per cent 

ml. of AgNOa - (ml. of KCNS X factor) 

^ X grams of Cl per ml. of AgNOa ^ 

wt. of sample 

Report the amount calculated as per- 
centage of chlorine. 

Sodium 

11. (a) Special Solutions Required . — 
Double acetate solution, prepared as 
follows: 

Solution A 

Uranyl acetate 10 g. 

Acetic acid (30 per cent) 6 g. 

Water 65 g. 

Solution B 

Zinc acetate 30 g. 

Acetic acid (30 per cent) 3 g. 

Water.. 65 g. 

When the above solutions A and B are 
each completely dissolved, mix them, 
and allow to cool to 20 ± 1 C. Keep 
the resulting solution at this tempera- 
ture for several hours. Filter off the 
triple salt which crystallizes out and 
which may be assumed to be saturated 
with respect to sodium at 20 C. since 
the reagent usually contains sufficient 
sodium to give a precipitate. 

(6) Procedure . — Proceed as in the de- 
termination of total alkali (Section 8) to 
the weighed sulfates. Dissolve the sul- 
fates in 10 to 15 ml. of water. Add to 
the solution 100 ml. of zinc-uranyl ace- 
tate reagent and allow to stand at 
20 ± 1 C. for 30 to 45 min., while stir- 
ring occasionally. (Scratch the side of the 
beaker occasionally to start crystalliza- 
tion.) Filter the solution through a 
tared Gooch crucible and wash with five 
successive amounts of 2 ml. of zinc- 
uranyl acetate reagent, then with five 
2-ml. portions of alcohol (previously 
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saturated with sodium zinc-uranyl ace- 
tate) and finally with ether. Dry at 
40 C . for 1 0 to 1 5 min and w'eigh . The 
percentage of sodium may be calculated 
as follows: 

Sodium, per cent 

— wt. of precipitate X 0.01495 ^ 
wt. of sample 

Note. — The precipitate is slightly soluble in 
water, insoluble in the precipitant, alcohol, and 
ether. Barium, calcium, magnesium, and zinc 
do not interfere with the precipitation. Potas- 
sium has little effect if less than 0.05 g. is 
present; lithium, phosphates, oxalates, and tar- 
trates should be absent. 

Calcium 

12. Proceed as in the determination 
of sulfates (Section 9) to the acidification 
of the sodium carbonate solution. 
Make the solution ammoniacal and 
then slightly acid with acetic acid. 
Add 15 ml. of saturated ammonium 
acetate solution and again make am- 


moniacal with NH 4 OH and allow to 
stand on a hot plate over night. Filter 
off any precipitate in the morning. 
Wash free from oxalates with NH 4 OH 
(10 per cent). Dissolve the oxalate 
precipitate in hot diluted H 2 SO 4 . Dilute 
the solution to approximately 300 ml. 
and add 10 ml. of H 2 SO 4 . Heat the 
solution to boiling and titrate with 
KMn 04 solution (0.1 N). . 

Calcium, per cent 

ml. of KMn 04 X NX 0.20 

= 7-1 ; X 100 

wt. of sample 

where N = normality of the KMn 04 
solution. 

Ammonia® 

13. Distill 1 g. of the sample with 
NaOH solution, expelling the ammonia 
and collecting it in a known excess of 
H2SO4 (0.1 N). Titrate the excess 
H2SO4 with NaOH (0.1 N). 

5 This procedure is occasionally but not usually em- 
ployed for the analysis of zinc yellow pigments. 
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A.S.T.M. Designation: D 12-41 
Adopted, 1933; I^vised, 1941 A 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 12; the final number indicates the year of original 
adoption, as standard or, in the case of revision, the yeai of last revision. 


Scope 

1. These specifications cover raw tung 
oil. 

Properties 

2. Raw tung oil shall conform to the 
following requirements : 

Specific gravity, 15.5/15.5 C.. . 0.940“ to 0.943 
Acid number (alcohol-benzol),^ 

max 8.0 

Saponification number 190 to 195 

Unsaponifiable matter, max., 

percent 0.75 

Iodine number (Wijs), min. 163 

Appearance clear and transparent at 65 C. 

Color** not darker than a freshly 

prepared solution of 1.0 g. of 
K2Cr207 in 100 ml, of pure 
H2SO4 (sp. gr. 1.84), or its 
equivalent in iron-cobalt solu- 
tion or in Lovibond glasses. 


Heating test, max., minutes. . . 12 

Refractive index at 25 C 1.5165 to 1.520 


“ For American grown tung oil, the minimum specific 
gravity may be as low as 0.938. 

° If tung oil of low acid number and pale color is de- 
sired, the maximum acid number should be reduced to 3.0, 
and the maximum color to 0.03 g. of KaCrsOv per 100 ml. 
of H2SO4 (or iron-cobalt or Lovibond equivalents) . 

Sampling 

3. The method of sampling described 
in Paragraph (a) shall be used whenever 
it is feasible to apply it. To meet con- 
ditions when this procedure is not ap- 
plicable, the method of sampling 


described in Paragraph (i) or (c) shall 
be used, according to the special con- 
ditions that obtain. 

(a) During Loading of Tank Cars or 
Filling of Containers for Shipment . — The 
purchaser’s inspector shall draw a sample 
at the discharge pipe where it enters the 
receiying vessel or vessels. The total 
sample shall be not less than 1 gal. per 
tank car or 10,000 gal. equivalent, and 
shall be a composite of small samples of 
not more than 1 pt. each taken at regular 
intervals during the entire period of 
loading or filling. 

The sample thus obtained shall be 
thoroughly mixed, and from this com- 
posite sample three portions of not less 
than 1 qt. each shall be placed in clean, 
dry glass bottles or tin cans, which shall 
be filled with the sample and securely 
stoppered with new clean corks or well- 
fitting metal covers or caps. These shall 

I Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

= Prior to their present adoption as standard, these 
specifications were adopted in 1915, revised in 1916, but 
withdrawn and replaced by D 12 - 23 T which was pub- 
lished as tentative from 1922 to 1933, being revised in 
1923 and 1925. 
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be sealed and labeled distinctly by the 
inspector, and one delivered to the pur- 
chaser, one to the seller, and the other 
held for check in case of dispute. 

(b) From Loaded Tank Cars or Other 
Large Vessels . — The total sample shall 
be not less than 1 gal. per tank car or 
10,000 gal. equivalent, and shall be a 
composite of numerous small samples of 
not more than 1 pt. each, taken from the 
top, bottom, and intermediate points by 
means of a glass or metal container with 
removable stopper or top. This device, 
attached to a suitable pole, shall be 
lowered to various desired depths, when 
the stopper or top shall be removed and 
the container allowed to fill. The sam- 
ple thus obtained shall be handled as de- 
scribed in Paragraph {a). For large 
shipments in freighters ranging from 
400 to 1000 tons, the samples shall first 
be drawn from the top and bottom of 
both port and starboard sections of the 
tank. These samples shall be visually 
examined, and if the general appearance 
gives indications that the oil is satisfac- 
tory, pumping shall be started and 1-pt. 
samples drawn from a bleeder in the dis- 
charge line at least once in every 30 
min., so that the total mixed sample 
amounts to as many gallons as there are 
units of 10,000 gal. in the cargo. These 
individual samples shall be composited 
to make one uniform sample representa- 
tive of the entire cargo, and this shall 
be handled as described in Paragraph {a). 

(c) From Barrels and Drums.—Hot 
less than 10 per cent of the packages in 
any shipment or delivery of barrels and 
drums shall be sampled. The packages 
shall be shaken, rolled, and stirred to 
thoroughly mix the contents. The sam- 


ples from the individual containers shall 
be taken through the bung hole, or 
holes not less than 1| in. in diameter 
bored in the head or side for the purpose. 
The apparatus for drawing the sample 
shall consist of a glass tube (or “thief”) 
about 1 in. in diameter and somewhat 
longer than the length or diameter of the 
oil container, and a conical stopper that 
will fit the glass tube and is not more than 
I in. in length, fastened to a stiff metal 
rod not more than \ in. in diameter and 
not less than 4 in. longer than the glass 
tube. The stopper shall be lowered by 
the rod until it rests on the bottom of 
the container, the tube slipped down 
slowly over the rod, and finally pressed 
on the stopper. By holding the tube 
and the rod, the column of oil can then 
be removed. This process shall be re- 
peated until the required amount of 
sample is obtained, which shall be not 
less than 1 gal. This shall be mixed and 
handled as described in Paragraph (a). 
During the winter, when the oil is very 
often in a solid condition, the same 
procedure shall be followed, replacing 
the thief with a tallow trier, which is 
essentially a graduated piece of steel 
tubing semicircular in cross-section and 
about 3 ft. in length. This shall be 
pushed into the oil, turned a few times, 
and withdrawm, thereby removing a solid 
core of oil. 

Methods of Testing 

4. The properties enumerated in these 
specifications shall be determined in 
accordance with the Standard Methods 
of Testing Drying Oils (A.S.T.M. Desig- 
nation: D 555) of the American Society 
for Testing Materials.® 

* Appears in this publication, see Contents in Nmneric 
Sequence of A.S.T.M. Designations at front of book. 


Standard Specifications for 
RAW SOYBEAN OIL* 



A.S.T.M. Designation: D 124-41 

Adopted, 1941 * 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 124; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover raw soy- 
bean oil. 

Properties 

2. Raw soybean oil shall conform to 
the following requirements: 


Specific gravity, 15.5/15.5 C., min 0.924 

Acid number, mas 3.0 

Saponification number, min 190 

Unsaponifiable matter, max., per cent . 1.5 

Iodine number (Wijs) , min 131 

Loss on heating, 105 to 110 C., max., per 
cent 0.3 


1 Under the st.'indardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

Prior to adoption as standard, these specifications 
were published as tentative from 1922 to 1941, being revised 
in ms, 1937, and 1941. 


Appearance clear and trans- 

parent at 65 C. 

Color not darker than 

a freslily prepared solution of 
1.0 g. of K 2 Cr 207 in 100 ml. of 
pureH 2 S 04 (sp. gr. 1.84), or its 
equivalent in iron-cobalt so- 
lution or in Lovibond glasses. 

Foots, max., per cent 2.5 


Methods of Testing 

3. The properties enumerated in these 
specifications shall be determined in 
accordance with the Standard Methods 
of Testing Drying Oils (A.S.T.M. Desig- 
nation: D 555) of the American Society 
for Testing Materials.® 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Standard Specifications for 
PERILLA OIL, RAW OR REFINED^ 



A.S.T.M. Designation: D 125 - 41 

Adopted, 1923; Revised, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 125; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover raw or 
refined perilla oil. 

Properties 

2. Perilla oil, raw or refined, shall 
conform to the following requirements. 


Specific gravity, 15.S/1S.S C., min. ... 0.932 

Acid number, max 5.0 

Saponification number, min 190 

Uiisaponifiable matter, max., per cent . 1.5 

Iodine number (Hanus) , min. 191 

Loss on heating at 105 to 110 C., max., 
per cent 0.2 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

= Prior to adoption as standard, these specifications 
were published as tentative from 1922 to 1923. 


Appearance clear and trans- 

parent at 65 C. 

Color not darker than 

‘ a freshly prepared solution of 
1,0 g. of KaCrsOy in 100 ml. of 
pure H2SO4 (sp. gr. 1.84), or its 
equivalent in iron-cobalt solu- 
tion or in Lovibond glasses. 
Foots, max. , per cent 2.5 

Methods of Testing 

3. The properties enumerated in these 
specifications shall be determined in 
accordance with the Standard Methods 
of Testing Drying Oils (A.S.T.M. Desig- 
nation: D 555) of the American Society 
for Testing Materials.^ 

’ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Speciji cations Jor 
RAW LINSEED OIL^ 



A.S.T.M. Designation: D 234-28 

Adopted, 1927; Revised, 1928.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 234; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover ravp- lin- 
seed oil. 

Properties 

2. Linseed oil shall be the pure oil 
pressed from flaxseed and shall conform 
to the following requirements: 


Specific gravity, 15.5/15.5 C. . 0.931 to 0.936 

Acid number, max 4.0 

Saponification number ...... 189.0 to 195.0 

Unsaponifiable matter, max., 

percent 1.50 

Iodine number (Wijs),“ min. . . 177.0 

Loss on heating at 105 to 110 

C., max., per cent 0.2 

Color not darker than 


a freshly prepared solution of 
1.0 g. of K 2 Cr 207 in 100 ml. of 
pure H 2 SO 4 (sp. gr. 1.84). 


Foots, max., per cent: 


Heated oil 1.0 

Chilled oil 4.0 


“If linseed oil of the high iodine number type is desired, 
the minimum iodine number, as specified above, should be 
changed to 188.0. 

Methods of Testing 

3. The properties enumerated in these 
specifications shall be determined in 
accordance with the Standard Methods 
of Testing Drying Oils (A.S.T.M. Desig- 
nation: D 555) of the American Society 
for Testing Materials.® 


i Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A,S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

“Prior to adoption as standard, these specifications 
were published as tentative from 1926 to 1927, being 
revised in 1927. Editorially revised and rearranged in 
1939. 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


approved as 

AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.: K35-1937 

AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
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Standat'd Specijications for 
BOILED LINSEED OIL^ 



A.S.T.M. Designation : D 260 - 33 
Adopted, 1933.’* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 260; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover boiled 
linseed oil. 

Properties 

2. Boiled linseed oil shall be pure 
linseed oil that has been treated by 
heating and incorporating compounds of 
lead, and at the option of the manu- 
facturer suitable compounds of other 
drying metals, so as to produce a prod- 
uct that will dry rapidly. It shall be 
clear, free from sediment, and shall 
conform to the following requirements: 


1 Under tlie standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1927 to 1933, being revised 
in 1928. Editorially revised and rearranged in 1939. 


Specific gravittf, iS.S/lS.S 


C 

0.931 to 0.945“ 

Acid number, max 

7.5 

Saponification number .... 
Unsaponifiable matter. 

189.0 to 195.0 

max., per cent 

1.50 

Iodine number (Wijs), min. 
Loss on heating at 105 to 

170.0 

110 C., max., per cent . . . 
Time of drying on glass, 

0.2 

max., hr 

18 

Ash, max., per cent 

O.SO 

Lead, min., per cent 

0.05 


® When a high viscosity type of boiled linseed oil is re- 
quired, the specific gravity shall be not less than 0.937. 

Methods of Testing 

3. The properties enumerated in these 
specifications shall be determined in 
accordance with the Standard Methods 
of Testing Drying Oils (A.S.T.M. Desig- 
nation: D 555) of the American Society 
for Testing Materials.® 

^ Appears in this publication, sec Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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S tandard Speciji cations for 
SPIRITS OF TURPENTINE! 



A.S.T.M. Designation: D 13-34 

Adopted, 1934.“ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 13; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the fol- 
lowing kinds of spirits of turpentine: 
Gum spirits of turpentine, steani- 


Properties 

2. Spirits of turpentine shall be pure 
and shall conform to the requirements 
prescribed in Table I. 


TABLE I.-PHYSICAL REQUIREMENTS. 



Gum Spirits 
of Turpentine 

j Wood Turpentine 


Steam Distilled 

Sulfate 

Destructively 

Distilled 


Maxi- 

mum 

Mini- 

mum 

Maxi- 

mum 

1 Mini- 
mum 

Maxi- 

mum 

1 Mini- 
mum 

Maxi- 

Mini- 


0.875 

0.860 

0.875 

0.860 

0.875 

0.860 

0.866 

0.860 

Refractive index at 20 C., D line 

Residue after polymerization with 38 N 
HsSOi: 

1.478 

1.465 

1.478 

2 

1.465 

1.478 

2 

1.46S 

1.483 

2 ' 

1.463 

T^pFrnrtUrip n.t 9.0 P.. 




1.500 


1.500 


1.480 

Initial boiling point at 760-inm. pres- 
sure, deg- Cent 

160 

150 

160 

ISO 

160 

150 

157 

150 

Distilling below 170 C. at 760- mm. pres- 

90 


90 


90 


60 

Distilling bdow ISO C. at 760-mm. pres- 

Biirftj ppr rf*nf. . . 







90 










distilled wood turpentine, sul- 
fate wood turpentine, and 
destructively-distilled wood tur- 
pentine. 

The purchaser should specify the kind 
of spirits of turpentine desired, 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 


Appearance 

3. Spirits of turpentine shall be clear 
and free from suspended matter and 
water. 


2 Prior to their present adoption as standard, these 
specifications were published as tentative from 1914 to 
1915, being revised in 1915. They were adopted in 1915, 
published as standard from 1915 to 1921, withdrawn and 
republished as tentative from 1920 to 1924, adopted as 
standard in 1924, published as standard from 1924 to 
1933, being revised in 1926. They were withdrawn and 
republished as tentative from 1933 to 1934 to replace the 
former Standard Specifications D 13 - 26 and D 236 - 27. 
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Specifications for Turpentine (D 13 - 34) 


Color 

4. The color shall be “standard” or 
better. 

Odor 

5. The odor shall be mild and char- 
acteristic of the kind of spirits of tur- 
pentine specified. If desired, deliveries 
shall conform to the odor of the sample 
agreed upon by the purchaser and the 
seller. 


Methods of Testing 

6. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Tentative Methods of Sampling 
and Testing Turpentine (A.S.T.M. 
Designation: D 233) of the American 
Society for Testing Materials.® 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Specijications for 
PETROLEUM SPIRITS (MINERAL SPIRITS)* 



A.S.T.M. Designation; D 235 - 39 

Adopted, 19393 

This Standard of tlie American Society for Testing Materials is issued under 
the fixed designation D 235; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications apply only to 
petroleum distillates. 

Properties 

2. The material shall conform to the 
following requirements; 

Appearance clear and free of sus- 

pended matter and water 

Color water white, not darker 

than No. 21 Saybolt 
Chromometer 

Flashpoint, min 100 F. (38 C.) 

Blackening shall not. blacken or cor- 

rode clean metallic cop- 
per in 30 min. at boiling 
point of spirits 

Distillation; 

Percentage recov- 
ered at 350 F. 

(177 C.), min.. 50 

End point 410 F. (210 C.) 

Acidity of distilla- 
tion residue neutral 

Methods of Testing 

3. The properties enumerated in these 
specifications shall be determined in ac- 


» Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1926 to 1939, being re- 
vised in 1934. 


cordance with the following methods of 
test: 

{a) Color . — Standard Method of Test 
for Color of Refined Petroleum Oil by 
Means of Saybolt Chromometer (A.S. 
T.M, Designation: D 156) of the Ameri- 
can Society for Testing' Materials.® A 
fresh aqueous solution of potassium di- 
chromate in distilled water, containing 
0.0048 g. R 2 Cr 207 per liter, is approxi- 
mately equivalent to color No. 21 
Saybolt Chromometer. 

(6) Flash Pomi.-— Standard Method 
of Test for Flash Point by Means of the 
Tag Closed Tester (A.S.T.M. Designa- 
tion: D 56) of the American Society for 
Testing Materials.® 

(c) Blackening . — A clean strip of me- 
chanically polished pure sheet copper, 
about I in. (1.3 cm.) in width and 3 in 
(7.5 cm.) in length, shall be placed in a 
glass test tube about | in. (1.9 cm.) in 
width and 18 in. (46 cm.) in length. 
Sufficient of the sample to be tested shall 
be added to completely cover the strip 
and heated rapidly to boiling. It is 
most convenient to heat the tube by 
immersion in an oil bath maintained at a 


’ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Petroleum Spirits (D 235 - 39) 


temperature slightly higher than the in- 
itial boiling point of the sample. The 
sample shall be kept boiling for 30 
min. without any actual distillation tak- 
ing place and the copper strip then ex- 
amined for blackening. A slight tarnish 
shall be disregarded, but any marked 
blackening shall be cause for rejection. 

(d) Distillaiion.—Standaid Method of 
Test for Distillation of Gasoline, Naph- 
tha, Kerosine, and Similar Petroleum 
Products (A.S.T.M. Designation: D 86) 


of the American Society for Testing 
Materials.® 

{e) Acidity . — The cooled residue from 
the distillation flask shall be collected 
in a test tube, three volumes of distilled 
water added, and the contents shaken 
thoroughly. The mixture shall be al- 
lowed to separate and the aqueous layer 
removed to a clean test tube by means 
of a pipette. One drop of a 1 per cent 
solution of methyl orange shall be added. 
No pink or red color should be formed. 



Standard Methods of 
TESTING DRYING OILS' 



A.S.T.M. Designation: D 555 -41 
Adopted, 1939; Revised, 1941.2 

1 his Standard of the American Society for Testing Materials is issued under 
the fixed designation D 555; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the test pro- 
cedures to be applied to drying oils for 
use in paints and varnishes. 

Reagents 

2. (a) Standard Sodium Hydroxide 
Solution. — Prepare a stock concentrated 
solution of sodium hydroxide by dis- 
solving NaOH in water in the proportion 
of 200 g. of NaOH to 200 ml of water. 
Allow this solution to cool and settle in 
a stoppered bottle for several days. 
Decant the clear liquid from the precip- 
itate of Na2C03 into another clean 
bottle. Add clear barium hydroxide 
solution until no further precipitate 
forms. Again allow to settle until clear. 
Draw off about 175 ml. and dilute to 10 
liters with freshly boiled distilled water. 
Preserve in a stock bottle provided with 
a large guard tube filled with soda 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

2 These methods were editorially rearranged and issued 
in 1939 under the designation D 5SS. They formerly 
constituted a portion of the Standard Specifications for 
Raw Tung Oil (D 12-33), Perilla Oil, Raw or Refined 
(D 12S - 33), Raw Linseed Oil (D 234 - 28), Boiled Linseed 
Oil (D 260 - 33) , and Tentative Specifications for Raw 
Soybean Oil (D 124 -37 T). 


lime. Determine the exact strength by 
titrating against pure benzoic acid 
(CeHsCOOH) using phenolphthalein as 
indicator.® This solution will be ap- 
proximately 0.25 N, but do not attempt 
to adjust it to any exact value. Deter- 
mine its exact strength and make proper 
corrections in using it. 

{b) Alcoholic Sodium Hydroxide Solu- 
tion. — Dissolve pure NaOH in 95 per 
cent ethyl alcohol in the proportion of 
about 22 g. per 1000 ml. Let stand in a 
stoppered bottle. Decant the clear 
liquid into another bottle, and keep well 
stoppered. This solution should be 
colorless or only slightly yellow when 
used; it will keep colorless longer if the 
alcohol is previously treated with NaOH 
(about 80 g. to 1000 mi.), kept at about 
50 C. for IS days, and then distilled. 
For an alternate method see Journal, 
American Chemical Society, 1906, p. 
395. 

(c) Sulfuric Acid Solution {0.5 N ). — 
Add about 15 ml. of H2SO4 (sp. gr. 1.84) 
to distilled water, cool, and dilute to 
1000 ml. Determine, the exact strength 
by titrating against freshly standardized 

* National Bureau of Standards Scieniijic Paper No. 

m. 
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Tests for Drying Oils (D 555 - 41) 


NaOH or by any other accurate method. 
Either adjust to exactly 0.5 N strength 
or leave as originally made, applying 
appropriate correction. 

(d) Wijs Iodine Monochloride Solu- 
tion.' — Dissolve iodine in glacial acetic 
acid having a melting point of 14.7 to 
15 C. and free from reducing impurities, 
in such proportion that 13 g. of iodine 
will be present in 1000 ml. of solution. 
The preparation of the iodine mono- 
chloride solution presents no great dif- 
ficulty, but it shall be done with care 
and accuracy in order to obtain satisfac- 
tory results. There shall be in the solu- 
tion no sensible excess either of iodine or 
more particularly of chlorine over that 
required to form the monochloride. 
This condition is most satisfactorily 
attained by dissolving in the whole of 
the acetic acid to be used the requisite 
quantity of iodine, using a gentle heat 
to assist the solution if it is found neces- 
sary. The halogen content can be ac- 
curately measured by titration of a por- 
tion of the solution with 0.1 iV sodium 
thiosulfate, using the potassium iodide 
solution (15 per cent) and the starch 
indicator as described in Section 9 in 
the procedure for the determination of 
the iodine number. Set aside a small 
portion of this solution while pure, and 
pass dry chlorine into the remainder 
until the halogen content of the whole 
solution is doubled. Ordinarily, it will 
be found that by passing the chlorine 
into the main part of the solution until 
the characteristic color of free iodine has 
just been discharged, there will be a 
slight excess of chlorine, which is cor- 
rected by the addition of the requisite 
amount of the unchlorinated portion 
until all free chlorine has been destroyed. 
A slight excess of iodine does little or no 
harm, but excess of chlorine must be 
avoided. 

(e) Hanus Solution. — Dissolve 13.2 
g. of iodine in 1000 ml. of glacial acetic 


acid (99.5 per cent) that will not reduce 
chromic acid. Add enough bromine to 
double the halogen content, determined 
by titration (3 ml. of bromine is about 
the proper amount). The iodine may 
be dissolved by the aid of heat, but the 
solution should be cold when the 
bromine is added. 

(/•) Chloroform, U.S.P. 

(g) Starch Solution. — Stir up 2 to 3 
g. of potato starch or 5 g. of soluble 
starch with 100 ml. of 1 per cent salicylic 
acid solution,' add 300 to 400 ml. of 
boiling water, and boil the mixture until 
the starch is practically dissolved. Di- 
lute to 1 liter. 

Qi) Potassium Iodide Solution {15 
per cent). — Dissolve 150 g. of KI, free 
of E-IOs, in distilled water and dilute to 
1000 ml 

{i) Standard Sodium Thiosulfate Solu- 
tion. — Dissolve pure sodium thiosulfate 
in distilled water that has been well 
boiled to free it from CO 2 , in such pro- 
portion that 24.83 g. of Na 2 S 203 ' 5 H 20 
will be present in 1000 ml. of the solu- 
tion. It is best to let this solution 
stand for about two weeks before 
standardizing. Standardize with pure 
resublimed iodine.'^ This solution will 
be approximately 0.1 N, and it is 
best to leave it as it is after determining 
its exact iodine value, rather than to at- 
tempt to adjust it to exactly 0.1 N 
strength. Preserve in a stock bottle 
with a guard tube filled with soda lime. 

(j) Acid Calcium Chloride Solution . — 
Saturate with CaCh a mixture of 90 
parts of water and 10 parts of HCl 
(sp. gr. 1.19). 

{k) Acetone. — Acetone shall conform 
to the Standard Specifications for Ace- 
tone (A.S.T.M. Designation: D 329) of 
the American Society for Testing Mate- 
rials.® 

Treadwell-Hall, Analytical Chemistry, Vol. II, Sixth 
edition, pp. 551 and 553. 

® Appears in this publication, sec Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Preparation of Sample 

3. Thoroughly mix the laboratory 
sample by shaking, stirring, or pouring 
it from one vessel to another. Take 
the samples for the individual tests 
from this thoroughly mixed laboratory 
sample. 

Specific Gravity 

4. Use a pycnometer, accurately 
standardized and having a capacity of at 
least 25 ml., or any other equally ac- 
curate method, making the test at 15.5 
C., the specific gravity of water being 
1.000 at 15.5 C. 

Acid number of Linseed Oil and Raw 

Tung Oil 

5. To determine the acid number of 
boiled or raw linseed oil and of raw tung 
oil, weigh from 5 to 10 g. of the sample 
and transfer to a 300-ml. Erlenmeyer 
flask. Add 50 ml. of a mixture of equal 
parts by volume of 95 per cent ethyl 
alcohol and c.p. reagent benzol. (This 
mixture should be previously titrated to 
a very faint pink with diluted alkali 
solution, using phenolphthalein as an 
indicator.) Add phenolphthalein indi- 
cator, and titrate at once to a faint per- 
manent pink color with 0.2 N NaOH or 
KOH solution. Calculate the acid num- 
ber (milligrams of KOH required for 1 g. 
of the oil). 

Acid Number of Perilla Oil and Raw 

Soybean Oil 

6. To determine the acid number of 
raw or refined perilla oil and of raw soy- 
bean oil, weigh from 5 to 10 g. of the 
oil and transfer to a 300-ml. Erlenmeyer 
flask. Add 50 ml. of neutral 95 per cent 
ethyl alcohol. Put a condenser loop 
inside the neck of the flask. Heat on a 
steam bath for 30 min. Cool, and add 
phenolphthalein indicator. Titrate to a 
faint permanent pink color with the 
0.2 N NaOH or KOH solution. Cal- 


culate the acid number (milligrams of 
KOH required for 1 g. of the oil). 

Saponification Number 

7. Weigh about 2 g. of the sample in a 
300 ml. Erlenmeyer flask. Add 25 ml. 
of alcoholic NaOH or KOH solution. 
Put a condenser loop inside the neck of 
the flask and heat on the steam bath for 
1 hr. Cool, add phenolphthalein as 
indicator, and titrate with 0.5 N H 2 SO 4 . 
Run two blanks with the alcoholic 
NaOH or KOH solution. These should 
check within 0.1 ml. of 0.5 N H 2 SO 4 . 
From the difference between the number 
of milUliters of 0.5 iV H 2 SO 4 required for 
the blank and for the determination, 
calculate the saponification number (mil- 
ligrams of KOH required for 1 g. of the 
oil). 

Unsapouifiable Matter 

8. {a) Weigh 8 to 10 g. of the sample. 
Transfer to a 250-ml. long-neck flask. 
Add 5 ml. of NaOH solution (1:1) and 
50 ml. of 95 per cent ethyl alcohol 
Put a condenser loop inside the neck of 
the flask and boil for 2 hr. Occasionally 
agitate the flask to break up the liquid, 
but do not project the liquid onto the 
sides of the flask. At the end of 2 hr., 
remove the condenser and allow the 
liquid to boil down to about 25 ml. 

(5) Transfer to a 500-ml. glass-stop- 
pered separatory funnel, rinsing with 
water. Dilute with water to 250 ml, 
and add 100 ml. of redistilled ether. 
Stopper and shake for 1 min. Let stand 
until the separation between the two 
layers is sharp and clear. Draw off all 
but one or two drops of the aqueous layer 
into a second 500-ml. separatory fun- 
nel and repeat the process, using 60 ml. 
of ether. After thorough separation, 
draw off the aqueous solution into a 
400-ml. beaker, then transfer the ether 
solution to the first separatory funnel, 
rinsing down with a little water. Return 
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the aqueous solution to the second sep- 
aratory funnel and extract again with 60 
ml. of ether in a similar manner, finally 
drawing the aqueous solution into the 
beaker and rinsing the ether into the 
first separatory funnel. 

(c) Shake the combined ether solution 
with the combined water rinsings and let 
stand until the separation between the 
two layers is sharp and clear. Draw 
off the water and add it to the main 
aqueous solution. Shake the ether solu- 
tion with two portions of water (about 
25 ml. each). Add these to the main 
water solution. 

(d) Swirl the separatory funnel so as 
to bring the last drops of winter down to 
the stopcock, and draw off until the ether 
solution just fills the bore of the stop- 
cock. Wipe out the stem of the separa- 
tory funnel with a bit of cotton on a wire. 
Draw off the ether solution (portion- 
wise if necessary) into a 250-ml. flask 
and distill. While still hot, drain the 
flask into a small weighed beaker, rinsing 
with a little ether. Evaporate this 
ether, cool the beaker, and weigh. 

Note. — The unsaponifiable oil from adulter- 
ated drying oils may be volatile and as a conse- 
quence may evaporate on long heating. There- 
fore, heat the beaker on a warm plate, occasion- 
ally blowing out with a current of dry air. 
Discontinue heating as soon as the odor of 
ether is gone. 

Iodine Number, Wijs 

9. Place a small quantity of the sam- 
ple in a small weighing burette or beaker. 
Weigh accurately. Transfer, by drop- 
ping, from 0.09 to 0.15 g. of oil (0.16 to 
0.19 g. for tung oil) to a 500-ml. bottle 
having a well-ground glass stopper, or an 
Erlenmeyer flask having a specially 
flanged neck for the iodine test. Re- 
weigh the burette or beaker and deter- 
mine the amount of sample used. Add 
10 ml. of chloroform. Whirl the bottle 
to dissolve the sample. Add 10 ml. of 


chloroform to each of two empty bottles 
like that used for the sample. Add to 
each bottle 25 ml. of the Wijs solution 
and let stand with occasional shaking 
for 1 hr. in a dark place at a temper- 
ature from 21 to 23 C. Add 10 ml. of 
the potassium- iodide solution (15 per 
cent) and 100 ml. of water. Titrate with 
0.1 W sodium thiosulfate, using starch 
as an indicator. The titrations on the 
two blank tests should agree within 0.1 
ml. From the difference between the 
average of the blank titrations and the 
titration on the sample and the iodine 
value of the thiosulfate solution, calcu- 
late the iodine number of the sample 
tested. Report the iodine number in 
centigrams of iodine for 1 g. of the oil.® 

Iodine Number, Hanus 

10. Place a small quantity of the 
sample in a small weighing burette or 
beaker. Weigh accurately. Transfer, by 
dropping, about 0.15 g. (0.10 to 0.20 g.) 
into a 500-ml. bottle having a well-ground 
glass stopper, or an Erlenmeyer flask hav- 
ing a specially flanged neck for the iodine 
test. Reweigh the burette or beaker 
and determine the amount of sample 
used. Add 10 ml. of chloroform. 
Whirl the bottle to dissolve the sample. 
Add 10 ml. of chloroform to each of two 
empty bottles like that used for the 
sample. Add to each bottle 25 ml. of 
the Hanus solution and let stand with 
occasional shaking for 30 min. Add 
10 ml. of the potassium iodide solution 
(15 per cent) and 100 ml. of water, and 
titrate with standard sodium thiosulfate 
using starch as indicator. The titra- 
tions on the two blank tests should agree 
within 0.1 ml. From the difference 
between the average of the blank titra- 
tions and the titration on the sample 

® In determining the iodine value of tung oil it is 
always well to include a test on a samijle of tung oil of 
known iodine value. This may be kept in a dark-colored 
bottle as a reference standard. 
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and the iodine value of the thiosulfate 
solution, calculate the iodine number of 
the sample tested. Report the iodine 
number in centigrams of iodine for 1 g. 
of the oil. 

Loss on Heating 

11. Place 10 g. of the sample in an 
accurately weighed 200-ml. Erlenmeyer 
flask (for linseed oil use a 50-ml. flask), 
and weigh. Heat in an oven at a tem- 
perature between 105 and HOC. for 
30 min., then cool and weigh. Calculate 
the percentage loss. This determina- 
tion shall be made in a current of CO 2 
gas. 

Appearance 

12. (a) Transfer a portion of the 
sample to a clear glass tube and note 
the appearance. 

(h) In the case of perilla and raw 
tung oils, if the oil is cloudy when cold, 
it should become clear and transparent 
when heated at 65 C. for 5 min. 

Color 

13. (a) Prepare a fresh solution of 1 
g. of pure K 2 Cr 207 in 100 ml. of pure 
colorless H 2 SO 4 (sp. gr, 1.84). Place 
the oil and colored solution in separate 
fhin-walled clear-glass tubes of the same 
diameter (1 to 2 cm.) to a depth of not 
less than 2.5 cm., and compare the 
depths of color by looking transversely 
through the columns of liquid by trans- 
mitted light. 

(b) Iron- Cobalt Liquid Equivalent . — 
The iron-cobalt liquid equivalent to the 
above K 2 Cr 207 solution may be pre- 
pared as follows: Mix 29.4 ml. of solu- 
tion No. 1 with 17.6 ml. of solution No. 
2 and 53.0 ml. of solution No. 3. The 
three base solutions referred to have the 
follov/ing composition: 
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Solution No. 1: 

FeCl3.6H20 5.0 g. 

HCl (2 per cent) 1.2 g. 

Solution No. 2; 

CoCl2.6H!.0 1.0 g. 

HCl (2 per cent) 3.0 g. 

Solution No. 3: 

Aqueous solution of 
HCl (2 per cent) 


(c) Lovibond Equivalent. —The Lovi- 
bond equivalent to the above iron- 
cobalt solution shall be as follows: red 
17.5, yellow 120.0, and blue 0.20. 

The depth of liquid shall be 10.5 mm. 

Foots 

14. {a) With all materials at a tem- 
perature between 20 and 27 C., mix by 
shaking for exactly 1 min. in a graduated 
tube 25 ml. of the well-shaken sample of 
oil, 25 ml. of acetone, and 10 ml, of the 
acid calcium chloride solution. Clamp 
the tube in a vertical position where 
settling may take place for 24 hr. The 
temperature during this period should 
be between 20 and 27 C. 

(b) At the end of the 24 hr., determine 
the volume of the stratum lying between 
the clear calcium chloride solution and 
the clear acetone and oil mixture to the 
nearest 0.1 ml. or fraction thereof. 
This volume multiplied by four ex- 
presses the amount of foots present as a 
percentage by volume. 

(c) The graduated tube referred to 
may be a burette or a color comparison 
tube. It should have an internal diam- 
eter of from 1.0 to 1.5 cm., and a 
capacity of not less than 70 ml. The 
graduations in 0.1 ml. should extend at 
least from 10 to 50 ml. above the bottom 
of the tube. 

Heated Oil Test 

15. Heat a portion of the oil to 65 C.; 
hold it within 2 C, of. that temperature 
for 10 min.; then cool it to room tem- 
perature (20 to 27 C.). Subject the 
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sample promptly to tke foots test as 
described in Section 14. 

CMlled Oil Test 

16. Heat a portion of the oil to 65 C. ; 
hold it within 2 C. of that temperature for 

10 min. ; then place it in a dry clean bot- 
tle, stopper tightly, and place in a cracked 
ice and water mixture (0 C.) for exactly 
2 hr. At the end of this time, place the 
bottle for exactly 30 min. in a water bath 
at 25 C ; then subject promptly to the 
foots test as described in Section 14. 

Heating Test 

17. (a) Apparatus . — The apparatus 
shall consist of the following: 

Test Tubes . — Test tubes for the oil, 
IS cm. by 16 mm., with a mark near the 
bottom to indicate 5 ml. Each tube 
shall be closed by a cork so perforated 
that a glass rod 3 mm, in diameter may 
be moved freely. The tubes shall each 
weigh 14.5 i 2.0 g, (The purpose of 
this requirement is to control the wall 
thickness.) 

Thermometer . — An A.S.T.M. Tung Oil 
Thermometer graduated in Centigrade 
degrees, having a range of 240 to 310 C., 
and conforming to the requirements for 
this thermometer as prescribed in the 
Standard Specifications ^or A.S.T.M. 
Thermometers (A.S.T.M. Designation: 
E 1) of the American Society for Testing 
Materials.^ 

{h) Procedure . — Fill a 1000-ml., tail- 
form glass beaker (19 cm. in height, 
about 9 cm. in diameter) with cottonseed 

011 or other suitable oil to a height of 
11 cm. Place the thermometer as 
shown in Fig. 1 so that the bottom will 
be level with the bottoms of the test 
tubes. The thermometer may be sus- 
pended in the bath by a wire or may be 
sealed to a glass rod as shown in Fig. 1. 

When the bath temperature is 293 C. 
(560 F.) and rising very slowly at this 


point, place the tube containing 5 ml. of 
the oil to be tested and the tube con- 
taining 5 ml. of a control sample of 
known value into the large holes of the 
cover. Note the time. Remove the 
source of heat for about 45 sec. and then 




Fig. 1. — Apparatus For Heating Test of 
Tung Oil. 


reapply. Before 2 min. have elapsed 
the temperature of the bath will have 
fallen to 282.2 C. (540 F.), at which 
point it should be kept as steady as 
possible. When the samples have been 
in the bath 9 min., raise the glass rods 
at intervals of 15 sec. Note the time 
when each sample becomes firmly set. 
At this point the oil will be so stiff that 
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the entire tube may be lifted by aid of 
the rod. As setting or jellying takes 
place within a few seconds of fluidity, a 
good end point is afforded. Remove the 
samples. Heat the bath again to 293 C. 
(560 F.), and repeat the experiment with 
fresh portions of the sample. 

Note. — ^No stirrer is used in the bath. A 
screen around the bath enables the temperature 
to be reached more easily. When the bath oil 
has become tarry and viscid, it should be re- 
newed; otherwise heating may be irregular. 

Quality Test^ 

18. (a) Apparatus . — The apparatus 
shall consist of the following: 

Casserole . — ^An ordinary vitreous 
enameled iron casserole having a bottom 
diameter of 7.5 cm. (3 in.). 

Tripod . — ^A wide flange tripod with a 
7.5-cm. (3-in.) opening (the object of 
the flange is to prevent superheating of 
the sides of the casserole). 

Thermometer . — ^An A.S.T.M. Low Dis- 
tillation Thermometer graduated in 
Centigrade degrees, having a range of 
0 to 300 C., and conforming to the 
requirements for this thermometer as 
prescribed in the Standard Specifications 
for A.S.T.M. Thermometers (A.S.T.M. 
Designation: E 1) of the American 
Society for Testing Materials.® 

(5) Procedure . — Put into the casserole 
150 g. of the oil and heat so that the 
temperature reaches 282.2 C. (540 F.) 
in 4 min. zfc 30 sec., stirring with the 
thermometer. Turn down the flame 
and maintain the temperature as near 
282.2 ± 1 C. (540 zfc 2 F.) as possible, 
stirring with the thermometer until, on 
lifting the thermometer, the oil drops 
with a pronounced string, showing that 
polymerization has started. The time 
required after reaching 282.2 d= 1 C. 
(540 ± 2 F.) until the string is noted, 


is the time of the heat test. For pure 
tung oils this will not exceed 8 min. As 
soon as the oil strings, remove the lamp 
and the thermometer, and stir with a 
stiff spatula until the oil is solid. After 
stringing, a pure tung oil will require 
not over 40 sec. more to become solid. 
When solid, allow to stand exactly 
1 min., then turn out, upside down, on 
clean paper and cut at once with a 
clean spatula. 

Pure tung oil gives a gel that is dry, not 
adhering to the spatula when cut, and 
firm, crumbling under pressure of the 
spatula without sticking; and the cut 
portions should crumble under pressure 
like dry bread crumbs. Adulterated 
tung oil gives a gel that is soft, sticky, 
and which will not crumble. 

Refractive Index 

19. Use a properly standardized Abbe 
refractometer at 25 C., or any other 
ecjiially accurate instrument. 

Time of Drying on Glass 

20. Flow the sample over a perfectly 
clean glass plate. Place the plate in a 
vertical position in air at 30 d= 2 C. 
and a relative humidity of 32 dr 4 per 
cent. After about 2 hr., test the film 
at intervals with the finger at points not 
less than 2.5 cm. from the edges. The 
film shall be considered dry when it no 
longer adheres to the finger and does not 
rub up appreciably when the finger is 
lightly rubbed across the surface. 

Ash 

21- Weigh a porcelain crucible or dish 
and add to it from 10 to 25 ml. of the 
sample, carefully weighing the amount 
added. Place on a stone slab on the 
floor of a hood. Ignite by playing the 
flame of a burner on the surface of the 
oil and allow to burn quietly until most 
of the oil is burned off' ; then transfer to a 
muffle or over a flame and continue 


Based on Worstall Test. 
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heating at a low temperature (not over a 
dull. red) until all carbonaceous matter 
is consumed. Cool, weigh, and calculate 
the percentage of ash. 

Lead 

22. Dissolve the ash in diluted HNOs 
(1:3) to which a little H 2 O 2 has been 
added, and determine lead by the sulfate 
or any other equally accurate method. 


Matter Insoluble in Chloroform 

23. Dissolve 10 g. of the sample in 
sufficient U.S.P. chloroform to obtain 
a fluid solution. Filter through a dried 
and weighed Gooch crucible, wash with 
chloroform until the oil is removed, and 
dry at 105 to 110 C. Cool, weigh, and 
calculate the percentage of matter in- 
soluble in chloroform. 
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DISTILLATION OF GASOLINE, NAPHTHA, KEROSINE, AND 
SIMILAR PETROLEUM PRODUCTS^ 



A.S.T.M. Designation; D 86-40 


Adopted, 1927 ; Revised, 1930 , 1935 , 1938 , 1940 .’ 


This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 86; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
use in the distillation of gasoline, 
naphtha, kerosine, and similar petroleum 
products. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Mask . — A standard lOO-ml. Eng- 
ler distillation flask, as shown in Fig. 1, 
conforming to the following dimensions 
and permissible variations: 



Centimeters 

Inches 

Permissible 

Variations 

Centi- 

meters 

Inches 

Diameter of bulb, out- 

1 




side 

6.S 

2. 56 

±0.2 

±0.08 

Diameter of neck, inside . 

1.6 

0.63 

±0.1 

±0.04 

Length of neck 

IS.O 

5.91 

±0.4 

±0.16 

Length of vapor tube .... 

10.0 

3.94 

±0.3 

±0.12 

Diameter of vapor tube. 





outside 

0.6 

0.24 

±0.05 

±0.02 

Diameter of vapor tube. 





inside 

0.4 

0.16 

±0.05 

±0.02 

Thickness of vapor tube 





wall 

0.1 

0.04 

±0.05 

±0.02 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-2 on Petroleum Products and Lubricants. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1921 to 1927, being revised in 
1923, 1924. and 1925. 


The position of the vapor tube shall 
be 9 ± 0.3 cm. (3.55zh0.12 in.) above 
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the surface of the liquid when the flask 
contains its charge of 100 ml. The tube 
shall be approximately in the middle of 
the neck and set at an angle of 75 ± 3 
deg. with the vertical, 

(b) Condenser . — A condenser (Fig. 2 
shows one of the approved tj'pes) in. 
(14.29 mm.) in outside diameter made of 
No. 20 Stubbs gage seamless brass tub- 
ing, 22 in. (55.88 cm.) in length. It 
shall be set so that approximately 15.5 in. 
(39.4 cm.) of the tube will be in contact 


shall be 0.259 in. per linear inch of con- 
denser tube (sine of angle of 15 deg.) and 
no section of the immersed portion of the 
condenser tube shall have a gradient less 
than 0.24 in. nor more than 0.28 in. per 
linear inch of tube. The projecting 
lower portion of the condenser tube shall 
be curved downward for a length of 3 in. 
(7.62 cm.) and slightly backward so as 
to insure contact with the wall of the 
receiving graduate at a point approxi- 
mately 1 to Ij in. (2.54 to 3.18 cm.) 



with the cooling medium contained in 
the condenser jacket, subsequently de- 
scribed, with about 2 in. outside the 
cooling bath at the upper end, and 4.5 in. 
outside the cooling bath at the lower end. 
The length of tube projecting at the 
upper end shall be straight and shall be 
set at an angle of 75 deg. with the 
vertical. The section of the tube inside 
the cooling bath may be either straight 
or bent in any suitable continuous, 
smooth curve. The average gradient 


below the top of the graduate when it 
is in position to receive the distillate. 
The lower end of the condenser tube 
shall be cut off at an acute angle. The 
capacity of the cooling bath shall be not 
less than 340 cu.in. (5.55 liters) of cooling 
medium. The arrangement of the tube 
in the cooling bath shall be such that its 
■center line shall be not less than in. 
below the plane of the top of the bath 
at its point of entrance and not less 
than f in. above the floor of the bath 
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at its exit. Clearances between the con- 
denser tube and the walls of the bath 
shall be at least | in. except for the 
sections adjacent to the points of en- 
trance and exit. Multiple installations 
are permissible, provided they conform 
to the dimensional requirements and the 
capacity of the bath is not less than 
340 cu.in. per tube. 

(c) Shield, — A shield (Fig. 2) 19 in. 
(48.26 cm.) in height, 11 in. (27.94 cm.) 
in length, and 8 in. (20.32 cm.) in width, 
made of sheet metal of approximately 
No. 22 gage, with a door on one narrow 
side having two openings 1 in. (2.54 cm.) 
in diameter equally spaced in each of the 
two narrow sides, and with a slot cut in 
one side for the vapor tube. The centers 
of these four openings shall be 8|- in. 
(21.59 cm.) below the top of the shield. 
There shall also be three |-in. (1.27-cm.) 
holes in each of the four sides with their 
centers 1 in. (2.54 cm.) above the base of 
the shield. 

(d) Ring Support and Asbestos Boards . — 
A ring support of the ordinary labora- 
tory type, 4 in. (10.16 cm.) or larger in 
diameter, and supported on a stand in- 
side the shield. Two hard asbestos 
boards, one 6 by 6 by | in. (15.24 by 
15.24 cm. by 6.35 mm.) with a hole 1| in. 
(3.18 cm.)® in diameter in its center, the 
sides of which shall be perpendicular to 
the surface; the other, an assbestos board 
to fit tightly inside the shield, with an 
opening 4 in. (10.16 cm.) in diameter 
concentric with the ring support. These 
shall be arranged as follows: The second 
asbestos board shall be placed on the ring 
and the first or smaller asbestos board 
on top so that it may be moved in ac- 
cordance with the directions for placing 
the distilling flask. Direct heat shall be 
applied to the flask only through the 
l|-in. (3.18-cm.) opening in the first 
asbestos board. 

3 When distilling petroleum products having an end 
point above 470 F. (243.34 C.), the hole in the asbestos 
board shall be in. (3.81 cm.) in diameter. 


(e) Gas Burner. — K burner so con- 
structed that sufficient heat can be ob- 
tained to distill the product at the uni- 
form rate specified in Section 4. The 
flame shall never be so large that it 
spreads over a circle of diameter greater 
than 3| in. (8.89 cm.) on the under 
surface of the asbestos board. A sensi- 
tive regulating valve and gas pressure 
governor are desirable adjuncts, as they 
give complete control of heating. 

(/) Electric Heater. — An electric 
heater may be used instead of a gas 
burner and shall be capable of bringing 
over the first drop within the time 
specified in Section 4 {a) when started 
cold, and of continuing the distillation 
at the uniform rate. The electric heater 
shall be fitted with an asbestos board top 
I to J in. (3.18 to 6.35 mm.) in thickness, 
having a hole If in, (3.18 cm.) in diame- 
ter in the center. When an electric 
heater is employed, the portion of the 
shield above the asbestos board shall be 
the same as with the gas burner but the 
part below the board may be omitted. 

ig) Thermometer. — An A.S.T.M. Low 
Distillation Thermometer, total immer- 
sion, graduated in either Centigrade or 
Fahrenheit degrees, having a range of 0 
to 300 C. or 30 to 580 F. and conform- 
ing to the requirements for this ther- 
mometer as prescribed in the Standard 
Specifications- for A.S.T.M. Thermom- 
eters (A.S.T.M. Designation: E 1) of 
the American Society for Testing Ma- 
terials."* 

{h) Thermometer. — An A.S.T.M. High 
Distillation Thermometer, total immer- 
sion, graduated in either Centigrade or 
Fahrenheit degrees as specified, having a 
range of 0 to 400 C. or 30 to 760 F. and con- 
forming to the requirements for this ther- 
mometer as prescribed in the Standard 

* Appears iu this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Specifications for A.S.T.M. Thermome- 
ters (A.S.T.M. Designation: E 1) of the 
American Society for Testing Mate- 
rials.^ 

(i) Graduate . — A graduate of the 
cylindrical type, of uniform diameter, 
with a pressed or molded base and a 
lipped top . The cylinder shall be gradu- 
ated to contain 100 ml., and the 
graduated portion shall be not less than 
7 in. (17.78 cm.) nor more than 8 in. 
(20.32 cm .) in length. It shall be gradu- 
ated in single milliliters and each fifth 
mark shall be distinguished by a longer 
line. It shall be numbered from the 
bottom up at intervals of 10 ml. The 
over-all height of the graduate shall be 
not less than 9f in. (24.8 cm.), nor more 
than lOJ in. (26.0 cm.). The gradua- 
tions shall not be in error by more than 1 
ml. at any point on the scale. 

Preparation of Apparatus 

3. (a) The condenser bath shall be 
filled with cracked ice,® and enough 
water added to cover the condenser tube. 
The temperature shall be maintained 
between 32 and 40 F. (0 and 4.45 C.). 

(b) The condenser tube shall be 
swabbed to remove any liquid remaining 
from the previous test. A piece of soft, 
lint-free cloth attached to a cord or 
copper wire may be used for this purpose. 

(c) A 100-ml. sample shall be mea- 
sured in the 100-ml. graduated cylinder 
at 55 to 65 F. (12.8 to 18.3 C.) and 
transferred directly to the distillation 
flask. None of the liquid shall be per- 
mitted to flow into the vapor tube. 

(d) The thermometer (Note 3) pro- 
vided with a cork shall be fitted tightly 
into the flask so that it will be in the 
middle of the neck and so that the lower • 
end of the capillary tube is on a level 
with the inside of the bottom of the 
vapor outlet tube at its junction with the 
neck of the flask. The thermometer 

6 Any other convenient cooling medium may be used. 


shall be approximately at room temper- 
ature when placed in the flask. 

Note 3. — For products having end points 
not higher than 482 F. (250 C.) or initial boil- 
ing points not higher than 212 F. (100 C.), the 
Low-Distillation Thermometer shall be used; 
for products having end points higher than 482 
F. (250 C.) and initial boiling points higher 
than 212 F. (100 C.) the High-Distillation 
Thermometer shall be used. 

(e) The charged flask shall be placed 
in the Ij-in. (3.1S-cm.) opening in the 
6 by 6-in. (15.24 by lS.24-cm.) asbestos 
board with the vapor outlet tube inserted 
into the condenser tube. A tight con- 
nection may be made by means of a cork 
through which the vapor tube passes. 
The position of the flask shall be so 
adjusted that the vapor tube extends 
into the condenser tube not less than 1 in. 
(2.54 cm.) nor more than 2 in. (S.08 cm.). 

(/) The graduated cylinder used in 
measuring the charge shall be placed, 
without drying, at the outlet of the 
condenser tube in such a position that 
the condenser tube shall extend into the 
graduate at least 1 in. (2.54 cm.) but 
not below the 100-ml. mark. Unless 
the temperature is between 55 and 65 F. 
(12.8 and 18.3 C.) the receiving graduate 
shall be immersed up to the 100-ml. mark 
in a transparent bath maintained be- 
tween these temperatuxes. The top of 
the graduate shall be covered closely 
during the distillation with a piece of 
blotting paper or its equivalent, cut so 
as to fit the condenser tube tightly. 
Procedure 

4. (a) When everything is in readi- 
ness, heat shall be applied at a uniform 
rate, so regulated that the first drop of 
condensate falls from the condenser in 
not less than 5 nor more than 10 min. 
The distillation thermometer shall be 
read 2 min. after heat is applied and the 
indication recorded as the '‘correction 
temperature.” This figure is of sig- 
nificance only in cases when there is a 
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question as to tlae accuracy® of the initial 
boiling point, as subsequently deter- 
mined. When the first drop falls from 
the end of the condenser the reading of 
the distillation thermometer shall be 
recorded as the initial hoiling point. 

{h) The receiving cylinder shall then be 
moved so that the end of the condenser 
tube shall touch the side of the cylinder. 
The heat shall then be so regulated that 
the distillation proceeds at a uniform 
rate of not less than 4 ml. per min. nor 
more than 5 ml. per min. The volume 
of distillate collected in the cylinder shall 
be observed and recorded, to the nearest 
0.5 ml., when the mercury of the ther- 
mometer reaches each point that is a mul- 
tiple of 10 C. or the Fahrenheit equivalent 
of this point (30 C., 40 C., 50 C., 60 C., 
etc., or 86 F., 104 F., 122 F., 140 F., etc.). 
If preferred, the reading of the distilla- 
tion thermometer may be observed and 
recorded when the level of the distillate 
reaches each 10-ml. mark on the gradu- 
ate. In case a product is being tested 
to ascertain whether or not it conforms 
with a given specification, all necessary 
observations shall be made and recorded. 


“ The initial boiling point is one of the observations 
which it is customary to report as indicative of the quality 
of gasoline. It is a point which is very difficult to check, 
especially when duplicate tests are made at different room 
temperatures, and it has not been found practical to de- 
vise an accurate method of correcting for this unavoidable 
variation In operating conditions. The practical signifi- 
cance of initial boilihg point is not regarded as sufficient 
to warrant requiring that tests be conducted under regu- 
lated conditions of room temperature. _ The following 
directions are included as an expedient intended to ob- 
viate some of the difficulties that develop on account of 
jthe practice of including initial boiling point limits in 
gpeeffications for the purchase and sale of gasoline : 

If the “correction temperature” is below 70 F. (21 C.) 
or above SO F. (27 C.), the observed initial boiling point, 
if it is below 150 F. (66 C.), may be considered incorrect 
by an amount not less than one third the difference be- 
tween the “correction temperature” and 75 F. (24 C.). 
In case there is a dispute between the purchaser and the 
seller, the observed initial boiling point figures obtained 
by all parties shall be revised according to the following 
formula; 

„ Correction Temperature (deg. Fabr.) — 75 

jvhere i? = the revised initial boiling point, and 
0 — the observed initial boiling point. 

If all of the revised figures fall within the specification 
limit the gasoline in question shall be considered as pass- 
ing; otherwise arrangements shall, if possible, be made to 
conduct a distillation test with the room temperature 
maintained between the limits of 70 and 80 F, (21 and 
27 C-L jfjstejyg, 


whether or not they are included in the 
series ordinarily employed by the labora- 
tory making the test, 

(c) No adjustment of the heat shall 
be made after the liquid residue in the 
flask is approximately 5 ml. unless the 
time required to bring over the last 5 ml. 
of distillate and reach the end point 
exceeds 5 min. The end point is the 
maximum temperature observed on the 
distillation thermometer and is usually 
reached after the bottom of the flask has 
become dry. If the bottom of the flask 
is not dry the operator shall record this 
fact. 


TABLE I. 

Temperature Range 

Correction® pet 
lO-mm. Difference 
in Pressure 

deg. Cent. 

deg. Fahr. 

deg. Cent. deg. Fahr. 

10 to 30 

SO to 86 

0.35 

0.63 

30 to 50 

86 to 122 

0.38 

0.68 

SO to 70 

122 to 158 

0.40 

0.72 

70 to 90 

158 to 194 

0.42 

0.76 

90 to 110 

194 to 230 

0.45 

0.81 

no to 130 

2.30 to 266 

0.47 

0.85 

130 to ISO 

266 to 302 

0.50 

0.89 

150 to 170 

302 to 3.38 

0.52 

0.94 

170 to 190 

338 to 374 

0.5-1 

0,98 

190 to 210 

374 to 410 

0.57 

1.02 

210 to 230 

410 to 446 

0..59 

1.06 

230 to 2.50 

446 to 482 

0.62 

1.11 

250 to 270 

482 to 518 

0.64 

1.15 

270 to 290 

518 to 554 

0.66 

1.19 

290 to 310 

554 to 590 

0.69 

1.24 

310 to 330 

590 to 626 

0.71 

1.28 

330 to .350 

626 to 662 ! 

0.74 

1.32 

350 to .370 

662 to 698 

0.76 

1.37 

370 to 390 

698 to 734 

0.78 

1.41 

390 to 410 

734 to 770 

0.81 

1.45 


“ To be added in case barometric pressq,re is below 760 
mm.; to be subtracted in case barometric pressure is above 
760 ram. 


(d) In case the time required to bring 
over the last 5 ml. of distillate and reach 
the end point exceeds 5 min. the test 
shall be repeated and the heat shall be 
adjusted when the liquid residue reaches 
5 mi. This adjustment may be either 
an increase or a decrease but must ac- 
complish the purpose of bringing the 
period required to vaporize the last 5 ml. 
of distillate and reach the end point 
within the limits of 3 and 5 min. 

(e) The total volume of the distillate 
collected in the receiving graduate shall 
be recorded as the recovery. 
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(/) The cooled residue shall be poured 
from the flask into a small cylinder 
graduated in 0. 1 ml. , measured when cool 
and the volume recorded as residue. 

(g) The difference between 100 ml. 
and the sum of the recovery and the 
residue shall be calculated and recorded 
as distillation loss. 

(h) The sum of the volume collected 
in the cylinder at any specified tempera- 
ture and the distillation loss may be 
recorded as the percentage evaporated 
at the temperature in question. Clear 
distinction shall be made between the 
inclusion or exclusion of the distillation 
loss figure in the report of the volume of 
distillate obtained at any prescribed 
temperature. In the first case the figure 
shall be reported as the volume evapo- 
rated, in the second, as the volume 
recovered. 

Reproducibility of Results 

5. With proper care and strict atten- 
tion to details, duplicate results obtained 
for initial boiling point and end point, 
respectively, should not differ from each 
other by more than 6 F. (3.3 C.). 
Duplicate readings of the volume of 
distillate collected in the cylinder when 
each of the prescribed temperature 


points is reached should not differ from 
each other by more than 2 ml. In case 
observations are made on the basis of 
prescribed percentage points, the differ- 
ences in temperature readings should not 
exceed the amounts equivalent to 2 ml. 
of distillate at each point in question. 

Correction for Barometric Pressure 

6. The actual barometric pressure 
shall be ascertained and recorded, but 
no correction shall be made except in 
case of dispute. In such cases the 
temperature points shall be corrected to 
760 mm. (29.92 in.), by the use of the 
Sydney Young equation, as follows: 

For Centigrade readings: 

Cc = 0.00012 (760 - P) (273 -{- Q 

For Fahrenheit readings: 

Cf = 0.00012 (760 - P) (460 -|- t/) 

where Cc and Cf — the corrections to be 
added to the observed temperature tc or 
tf respectively, and 

P — the actual barometric pressure 
in millimeters of mercury. 

Table I is a convenient approximation 
of the corrections as calculated by the 
above equation. 
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StcindciTd Method oj Test Jor 
FLASH AND FIRE POINTS BY MEANS OF OPEN CUP^ 



A.S.T.M. Designation: D92-33 
Adopted, 1924; Revised, 1933.2 

This Standard of tue American Society for Testing Materials is issued under 
the fixed designation D 92; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1 . This method of test is intended for 
determining the hash and fire points of 
all petroleum products except fuel oils 
and those having an open cup fiash below 
175 F. (79 C.). 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Cleveland Flash Cup.~A Cleve- 
land open cup, shown in Fig. 1, made of 
brass and conforming to the dimen- 
sional requirements prescribed in Table 
I. The beveled edge of the cup shall 
be at an angle of approximately 45 deg. 
There may be a fillet of approximately 
^ in. (0.397 cm.) in radius inside the 
bottom of the cup. 

(b) Heating Plate . — A metal plate, 
Fig. 2, J in. (0.635 cm.) in thickness, and 
6 in. (15.24 cm.) in width for supporting 
the flash cup. The plate shall be of brass, 
cast iron, wrought iron, or steel. In the 
center of the plate there shall be a plane 
depression in. (0.079 cm.) in depth, 

_ 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-2 on Petroleum Products and Lubricants. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1921 to 1924, being revised in 1923 
and 1924. Editorially revised and rearranged in 1939, 


and of just sufficient diameter to fit the 
cup. There shall be a circular opening 
25 ^ in. (5.50 cm.) in diameter, cut 
through the plate, centering with the 
center of the above-mentioned depres- 
sion. The plate shall be covered with a 


TABLE I.-DIMENSIONAL REQUIREMENTS FOR 
CLEVELAND OPEN FLASH CUP. 



Inches 


Centimeters 


Min. 

i 

1 

•J 

Normal 

1 

Inside diameter imme- 
diately below filling 
mark 

2% 

m 

2% 

6.27 

6.35 

6.43 

Outside diameter below 
flange 

2=16 

2% 

2=56 

■6.75: 

6.83 

6.91 

Inside height from center 
of bottom to rim 

1?6 

156 

m 

.3.25 

3.33 

3.41 

Thickness of bottom | 

% 

H 

56 

U.28 

0.32 

0.36 

Distance from rim to 
filling mark. 

% 

Vs 

% 

0.91 

0.95 

0.99 

Distance lower surface 
flange to bottom of 
cup 

116 

IM 

156 

3.10 

3.18 

3.26 

Vertical distance upper 
surface flange to rim ... 

% 

H 

56 

0.28 

0.32 

0.36 

Thickness of rim 

56 

56 

% 

0.2Q 

0.24 

0,28 

Width of lower surface of 
flange 

% 

% 

rs 

1.43 

1.51 

1.59 


sheet of hard asbestos board | in. in 
thickness, and of the same shape as the 
metal plate. There shall be cut in the 
center of the asbestos board a circular 
hole just fitting the cup. Heat may be 
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supplied from any convenient source. 
The use of a gas burner, electric heater, 
or alcohol lamp is permitted, but under 
no circumstances are products of com- 
bustion or free flame allowed to come up 
around the cup. The source of heat 
shall be centered under the opening in 
the plate and shall be of a t3^e that will 
not produce local superheating. If a 
flame heater is used, it may be protected 



Fig, 1. — Cleveland Open Cup. 


from drafts or excessive radiation by any 
suitable type of shield, that does not 
project above the level of the upper 
surface of the asbestos board. 

(c) Thermometer . — An A.S.T.M. Open 
Flasli Thermometer, graduated in either 
Centigrade or Fahrenheit degrees as 
specified, having a range of —6 to +400 
C. or +20 to +760 F. and conforming 
to the requirements for this thermometer 


as prescribed in the Standard Specifica- 
tions for A.S.T.M. Thermometers (A.S. 
T.M. Designation; E 1) of the American 
Society for Testing Materials.® 

Procedure 

3- (a) The thermometer shall be sus- 
pended or held in a vertical position by 
any suitable device. The bottom of the 
bulb shall be in. (0.635 cm,)^ from the 
bottom of the cup, and above a point 



half way between the center and back 
of the cup. 

(6) The cup shall be filled with the oil 
to be tested in such a manner that the 
top of the meniscus is exactty at the 
filling line at room temperature. When 
asphalt or other solid bituminous mate- 
rial is to be tested, it shall first be heated 
to a temperature not less than 300 F. 
(148.9 C.) nor more than 350 F., 
(176.7 C.) to render it sufficiently fluid. 

5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designation.? at front of book. 

‘The immersion line engraved on the thermometer 
stem will be Ifa in. (0.1S9 cm.) below the level of the rim 
of the cup. 
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The cup shall then be filled with the hot 
fluid at this temperature in the same 
manner as with oil. The subsequent 
procedure shall then be the same for 
both asphalt and solid bituminous mate- 
rial as with oil. The surface of the oil 
shall be free from bubbles. There shall 
be no oil above the filling line or on the 
outside of the apparatus. 

(c) The test flaine shall be approxi- 
mately in* (0.397 cm.) in diameter. 

Note. — For purposes of comparison it is 
recommended that a bead of suitable light- 
colored material be mounted in a convenient 
position so that the size of the test flame can be 
determined. The device for applying the flame 
may be of any suitable type but it is suggested 
that the tip be approximately in. (0.159 cm.) 
in diameter at the end and that the orifice be -gV 
in. (0.079 cm.) in diameter. If the device for 
operating the test flame be mounted in such a 
manner as to permit automatic duplication of 
the sweep of the test flame the radius of swing 
shall be not less than 6 in. 

(d) The test flame shall be applied as 
the temperature read on the thermom- 
eter reaches each successive 5 F. (2.8 C.) 
mark. The flame shall pass in a straight 
line (or on the circumference of a circle 
having a radius of at least 6 in.) across 
the center of the cup and at right angles 
to the diameter passing through the 
thermometer. The test flame shall, 
while passing across the surface of the 
oil, be in the plane of the upper edge of 
the cup. The time for the passage of 
the test flame across the cup shall be 
approximately 1 sec. 

(e) The oil shall be heated at a rate 
not exceeding 30 F. (16.7 C.) per min. 
temperature rise, till a point is reached 


approximately 100 F. (55.6 C.) below 
the probable flash point of the oil. 
Thereafter the rate of heating shall be 
decreased and for at least the last 50 F. 
(27.8 C.) before the flash point is 
reached, the rate shall be not less than 
9 F. (5 C.) nor more than 11 F. (6.1 C.) 
per min. 

Flash Point 

4. The flash point shall be taken as the 
temperature read on the thermometer 
when a flash appeans at any point on the 
surface of the oil. The true flash must 
not be confused with a bluish halo that 
sometimes surrounds the test flame. 

Fire Point 

5. After determining the flash point, 
the heating shall be continued at the 
specified rate of 9 to 11 F. (5 to 6.1 C.) 
per min., and application of the test 
flame shall be made at the specified inter- 
vals until the oil ignites and continues to 
burn for a period of at least 5 sec. The 
method of application of the flame shall 
be the same as for flash point. The 
temperature read at the time of the flame 
application which causes burning for a 
period of 5 sec. or more shall be recorded 
as the fire point. 

Precautions 

6. The flash point and fire point tests 
shall be made in a room or compartment 
free from air drafts. The operator shall 
avoid breathing over the surface of the 
oil. It is desirable that the room or 
compartment be darkened sufficiently 
so that the flash may be readily dis- 
cernible. 
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Standard Method of Test for 
FLASH POINT BY MEANS OF THE TAG CLOSED TESTER' 



A.S.T.M. Designatioa: D S6 - 36 
Adopted, 1919; Revised, 1921, 1936.^ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 56; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) This method of test is intended 
for determining the flash point of all 
mobile liquids flashing below 175 F. 
(79 C.), with the exception of products 
classed as fuel oil which are preferably 
tested with the A.S.T.M. Pensky-Mar- 
tens closed tester.® 

{b) Provision is made in Sections 7 
and 8 of this method for determining 
the flash point of lacquer solvents or 
diluents of low flash points. 

Apparatus 

2. (a) Tag Closed Tester . — The Tag 
closed tester, a diagram of which appears 
in Fig. 1, shall conform to the di- 
mensional requirements prescribed in 
Table I. 

The plane of underside of cover shall 
be between the top and bottom of the 
burner tip when the tip is fully depressed. 


1 Under the standardization jsrocedure of the Society, 
this method is under the joint jurisdiction of A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products, and Committee D-2 on Petroleum Products and 
Lubricants. 

5 Prior to adoption as standard, this method was pub- 
lished as tentative from 1918 to 1919, being revised in 1919. 
Editorially revised and rearranged in 1939. 

• » See the Standard Method of Test for Flash Point by 
Means of the Pensky-Martens Closed Tester, (A.S.T.M. 
Designation: D 93) which appears in this publication, 
see Contents in Nvuneric Sequence of A.S.T.M. Designa- 
tions at front of book. 
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(6) Thermometers . — Two tliermom- 
eters are required, one for measuring the 
temperature of the sample under test, 
the other for measuring the temperature 
of the bath. Two A.S.T.M. P.M. and 
Tag Thermometers, graduated in either 

TABLE I.-DIMENSIONAL REQUIREMENTS OF 
TAG CLOSED TESTER. 



Inches 

j Centimeters 


Min. 

Normal 

Max. 

Min. 

Normal 

a 

Depth of water 
surface below 
top of cup 

156 

156 

156 

2.74 

2.78 

2.82 

Depth of ml sur- 
face below top of 
cup 

156 

156 

1% 

2.90 

2.94 

2.98 

Depth of top of 
bulb of oil ther- 
mometer when 
in place below 

top of cup 

Inside diameter of 

156 

156 

1% 

3.25 

3.33 

3.41 

oil cup at top.. . 

2i’(ro 

2H 

2iVa 

5.39 

5.40 

5.41 

Diameter of bead 
on top of cover . 

56 

56 

% 

0.36 

0.40 

0.44 

Weight of oil cup.. 



67 to 69 g. 


Centigrade or Fahrenheit degrees as 
specified, having a range of —7 to +110 
C. or +20 to +230 F. and conforming 
to the requirements for this thermometer 
as prescribed in the Standard Speci- 
fications for A.S.T.M. Thermometers 
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(A.S.T.M. Designation: El) of the Amer- 
ican Society for Testing Materials^ shall 
be used. 

Procedure 

3. (a) The test shall be performed in 
a room or compartment darkened suffi- 
ciently to permit ready detection of the 
flash. 

(b) Care shall be taken to have the 
tester level and steady. It shall be 
surrounded on three sides by an enclosure 
for protection from drafts. (A shield 
18 in. square and 24 in. in height, open 
in front, is suggested. Tests made in a 
laboratory hood or near ventilators are 
not to be relied upon.) 

(c) Gas may be used for the test 
flame and for heating the water bath. 
If gas is not available for the test flame, 
a wick of cotton cord may be inserted 
in the burner tip, a small quantity of 
cotton waste placed in the oil chamber 
to which the burner tip is attached and 
the chamber filled with signal, sperm, or 
lard oil. An alcohol lamp may be used 
for heating the water bath as a substitute 
for gas. 

(d) The water bath thermometer shall 
be placed in the collar provided for it 
and the bath filled with water until it 
overflows. The temperature of the water 
in the bath shall be such that when 
testing is started it will be at least 20 F. 
(11 C.) below the probable flash point 
of the oil to be tested. 

(e) The oil cup shall be placed in its 
proper position in the water bath and 50 
ml. of the oil to be tested shall be meas- 
ured into it, using an accurate graduate 
or other measuring device for the pur- 
pose. The temperature of the oil shall 
be at least 20 F. (11 C.) below its prob- 
able flash point when the test is started. 
Air bubbles on the surface of the oil 
shall be destroyed, and the cover with 
the flash point thermometer in place 
shall then be properly attached to the 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


bath collar. The test flame shall be 
lighted, the flame being adjusted to the 
size of the small white bead on the cover. 

(f) The gas burner or alcohol lamp 
shall be centrally placed in the base of 
the tester and lighted. The flame shall 
be so adjusted that the temperature of 
the oil in the cup rises at the rate of 1 .8 F. 
(1 C.) per min. as closely as possible, 
but in any case not faster than 2 F. 
(1.1 C.) nor slower than 1.6 F. (0.9 C.) 
per min. 

(g) The barometric pressure shall be 
recorded. If a barometer is not avail- 
able, the figure may be obtained from 
the nearest Weather Bureau Station and 
an appropriate correction made for 
difference in altitude between such 
station and the laboratory. 

(//) The initial temperature of the oil 
shall be recorded. 

(i) When the temperature of the oil is 
9 F. (5 C.) below its probable flash 
point, the knob on the cover shall be 
turned in such a manner as to introduce 
the test flame into the vapor space of the 
cup, and immediately turned back again. 
The time consumed in turning the knob 
down and back shall be about one full 
second, or the time required to pro- 
nounce distinctly the words “thousand 
and one.” 

ij) The time at which the first intro- 
duction of the test flame is made and 
the temperature of the oil shall be re- 
corded. 

{k) The application of the test flame 
shall be repeated after each 1 F. (0.5 C.) 
rise in temperature of the oil until a 
distinct flash in the interior of the cup is 
observed. The true flash must not be 
confused wdth the bluish halo which 
sometimes surrounds the test flame dur- 
ing applications immediately preceding 
the actual flash. 

(J) The time and the temperature of 
the oil when the flash point is reached 
shall be recorded. 
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Repeat Tests variation of the three tests is not greater 


4. (a) If the rise in temperature of the 
oil from the time of making the first 
introduction of the test flame to the 
time at v;hich the flash point is observed 
was more rapid than 2 F. (1.1 C.) per 
min., or slower than 1.6 F. (0.9 C.) 
per min., the test shall be repeated, 
adjusting the gas burner or alcohol lamp 
to the proper rate of heating. 

(b) It is not necessary to turn off the 
test flame with the small regulating 
valve on the cover; it may be left ad- 
justed to the proper size of flame. 

(c) After completing the preliminary 
test to determine the approximate flash 
point, the burner or lamp shall be re- 
moved, the oil cover lifted and the 
thermometer bulb carefully wiped off. 
The oil cup shall be removed, emptied, 
and carefully wiped until dry. 

(d) The temperature of the bath shall 
be lowered by the addition of cold water 
until it is 15 F. (8 C.) below the flash 
point of the oil as shown by the prelimi- 
nary test. 

(e) The oil cup shall be replaced and a 
fresh 50-ml, sample measured into it. 
The test procedure, as described in Sec- 
tion 3, shall then be repeated, introduc- 
ing the test flame for the first time, how- 
ever, when the oil temperature is 10 F. 
(5.5 C.) below the flash point obtained 
in the preliminary test. 

(/) Oil "which has once been subjected 
to the flash test shall be discarded. 

(g) If test is to be repeated, a fresh 
sample shall be used. 

Average Value of Flash Point 

5. If two or more determinations agree 
within 1 F. (0.5 C.), the average of these 
results, corrected for barometric pres- 
sure, shall be considered the flash point. 
If two determinations do not check 
within 1 F. (0.5 C.), a third determina- 
tion shall be made and, if the maximum 


than 2 F. (1 C.), their average, after 
correcting for barometric pressure, shall 
be considered the flash point. 

Correction for Barometric Pressure 

6. Correction for barometric pressure 
shall be made only in cases of dispute or 
when the barometer reading varies more 
than in. (13 mm.) from the standard 
pressure of 29.92 in. (760 mm.). When 
the barometer reading is below this 
standard pressure, add to the thermom- 
eter reading 1.6 F. (0.9 C.) for each 1 in. 
(25 mm.) of barometer difference to 
obtain the true flash point. When the 
barometer reading is above the standard 
pressure, deduct 1.6 F. (0.9 C.) for each 

1 in. (25 mm.) of barometer difference 
to obtain the true flash point. 

Determination of Flash Point of Lacquer 
Solvents or Diluents of Low 
Flash Point 

Apparatus 

7. The apparatus shall consist of the 
following: 

{a) Flash Point Tester. — As described 
in Section 2 (a). 

{h) Thermometer. — For determining 
flash points below 40 F. (4.4 C.), suitable 
thermometers of low' range shall be used. 
.These thermometers shall conform to 
the requirements specified in Section 

2 (6) except that the ranges shall be 0 F. 
to 120 F. or — 20C. to +50 C. These 
thermometers may not be used in the 
testing of materials flashing above 70 F. 
(21.1 C.). 

Procedure 

8. The procedure to be followed shall 
be the same as tliat described in Sections 

3 to 6, e.xcept that in determining flash 
points below 40 F. (4.4 C.) the bath 
shall be filled with brine or other low- 
freezing liquid instead of water. 
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A.S.T.M. Designation: D 207 - 35 

Adopted, 1933; Revised, 1935,2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 207; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover two 
grades of dr}’- bleached shellac, namely, 
regular and refined. 

Note. — D ry bleached shellac is white shellac. 
It is known as “bone dry,” “vacdry,” or “kiln- 
dried” bleached shellac. The refined grade is 
bleached shellac that has been treated in the 
process of manufacture so as to remove prac- 
tically all -was and matter insoluble in hot 
alcohol. 

Properties 

2, Dry bleached shellac shall conform 
to the following requirements: 


> Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A,S.T.M, Committee D-1 on Paint, -Varnish, Lacquer, and 
Related Products. 

* Prior to their present adoption as standard, these 
specifications were published as tentative from 1925 to 
1926. They were adopted in 1926, but withdrawn and 
replaced in 1930 by D 207 - 29 T which were published as 
tentative from 1929 to 1933, being revised in 1933. 


Regular Refined 


Iodine number, max 10 10 

Matter insoluble in specified 
hot solvents, max., per 

cent 1.0 0.2 

Moisture, max., per cent. . . 5.0 5.0 

Wax, max., per cent 5.5 0.2 

Matter soluble in water, 

max., per cent 1.0 0.3 

Ash, max. , per cent 1.0 0.5 


Methods of Tesdng 

3. The material shall be sampled and 
the properties enumerated in these 
specifications shall be determined in 
accordance with the Standard Methods 
of Sampling and Analysis of Shellac 
(A.S.T.M. Designation: D 29) of the 
American Society for Testing Materials,® 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Specifications for 
SHELLAC VARNISHES' 



A.S.T.M. Designation; D 360 - 41 

Adopied, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 360; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. Shellac varnish is a solution or 
“cut” of a specified grade of pure orange 
shellac or of dry bleached shellac (the 
manufactured products from the secre- 
tion of the Laccifer Lacca Kerr, with 
no other added resin, copal, or other 
adulterants) in the most commonly 
used solvent, 95 per cent (190-proof) 
specially denatured alcohol. Formula 
No. 1 of the -U. S. Internal Revenue 
Bureau, or in other specified denatured 
alcohol or solvent. 

Types 

2. Shellac varnish shall be furnished 
as Orange, grades A and B, and as 
Bleached, grades “Regular” and “Re- 
fined.” Each type shall be furnished 
as very light, light, medium, heavy. 


* Under the standardization procedure o£ the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 19.53 to 1934, being re- 
vised in 1934. They rvere adopted in 1934, published as 
standard from 1934 to 1939, but withdrawn, revised, and 
republished as tentative in 1939. 

These specifications coinprise a consolidation of, and 
replace the former Standard Specifications for Shellac 
Varnish (D 3S9 - 35), and for Centrifuged Shellac Varnish 
(D 360 - 34), which specifications were accordingly discon- 
tinued in 1939, 


very heavy, or extra heavy body, as 
specified, or of any other body mutually 
agreed upon by the purchaser and 
the seller. 

Color 

3. The color of shellac varnish shall 
be equal to the color of a standard 
varnish of similar concentration mu- 
tually agreed upon by the purchaser 
and the seller. 

Note. — Attention is called to the fact that 
the purchaser and the seller must agree upon one 
of the two methods for determining color ap- 
pearing in the Standard Methods of Sampling 
and Analysis of Shellac (A.S.T.M. Designation: 
D 29) of the American Society for Testing 
Materials.® 

Copal 

4. All pure shellac varnishes shall not 
contain gum copal. 

Drying Time 

5. Shellac varnish shall dry hard in 
1 hr. Shellac varnishes having a body 
greater than that for a light body 
varnish shall be thinned to the concen- 
tration of the light varnish. Special 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Specifications for Shellac Varnishes (D 360 - 41) 


conditions for this test may be made by 
mutual agreement between the pur- 
chaser and the seller. 

Body 

6. The body of the respective types 
shall be based upon the percentage of 
nonvolatile matter, and shall conform 
to the following minimum requirements: 


Nonvolatile Matter, 


Very light body (3-lb. 

Orange, 

Grades 

A and B 

per cent 

Bleached, 
Regular and 
Refined 

cut) varnish 

Light body (4-lb. cut) 

28.5 

28.0 

varnish 

Medium body (4.5-lb. 

35.0 

34.5 

cut) varnish 

Heavy body (S-lb, cut) 

37.5 

37.0 

varnish 

Very heavy body (6-lb. 

40.0 

39.5 

cut) varnish 

Extra heavy body 

44.0 

43.5 

(8-lb. cut) varnish. . 

SDO 

50.5 

Note. — The term ‘ 

‘cut” is 

defined as the 


number of pounds of dry shellac (containing only 
that amount of moisture acceptable for proper 
cutting with the solvent to insure a satisfactory 
varnish) that were added to 1 gal. of specified 
solvent in manufacturing the varnish. 

Allowance has, therefore, been made for 2 
per cent maximum moisture and other volatile 
matter and 3 per cent insoluble matter in orange 
shellac, and for 6 per cent moisture and other 
volatile matter in bleached shellac, in arriving 
at a minimum value. Varnishes of the above 
specified bodies or “cuts” should accordingly 


conform to the respective minimum requirements 
specified for nonvolatile matter. 

Properties 

7. The nonvolatile matter in the 
varnish shall conform to the following 
requirements: 

Orange Bleached 

Grade A Grade B Regu- Refined 
lar (Note) 

Iodine number, max . ... 24. S 10.0 10,0 

Matter insoluble in speci- 
fied hot solvents, ma.x., 

per cent 1.0 1.0 1.0 0.2 

Wax, max., per cent 5.5 5.5 5.5 0.2 

Ash, max., per cent 0.3 0.3 1.0 0.5 

Note. — Refined bleached shellac varnish is 
not centrifuged but, in commercial practice, is 
clarified by settling or filter pressing with or 
without the addition of oxalic acid or other 
coagulating precipitating medium; therefore, this 
product, known in the trade as White French 
Varnish, is practically free of wax, alcohol in- 
soluble matter, and ash. 

Packing and Marking 

8. Shellac varnish shall be delivered 
in standard commercial containers. 
Each container shall be marked 
“pure.” 

Methods of Testing 

9. The sampling and methods of 
testing shall be conducted in accordance 
with the Standard Methods of Sampling 
and Analysis of Shellac (A.S.T.M. Desig- 
nation: D 29) of the American Society 
for Testing Materials.® 




Standard Specifications for 
LIQUID PAINT DRIERS' 



A.S.T.M. Designation: D 600-43 
Adopted, 1943.® 

This Standard of the American Society for Testing Materials is issued under 
the fi.xed designation D 600; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover metallic 
driers in liquid form for use in paints 
and similar finishing materials. Two 
classes are covered, as follows: 

Class A . — Driers of the resinate or 
linoleate types, dispersed in oils, 
resins, and petroleum spirits or tur- 
pentine. 

Class B . — Driers of the newer 
soluble type, which are metallic salts 
of several types of organic acids, dis- 
persed in suitable media,, and usually 
free of resins. 

Composition and Properties 

2. (a) General Requirements . — The 

drier shall conform to the general re- 
quirements as to composition and proper- 
ties for the class specified in Table I, 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

“Prior to adoption as standard, these specifications 
were published as tentative from 1941 to 1943, being revised 
in 1943. 


TABLE I.-REQUIREMENTS FOR LIQUID PAINT 
DRIERS. 

Solid or suspended matter, max., /Class A 1.0 

percent \Class B 0.1 


Color" 


not darker than a freshly pre- 
pared solution" of 1.28 g. of 
K'iCraO? in 100 ml. of PIsSO* 
, (sp.gr. 1,84) 


Miscibility with oil" 


iuiscible with 9 volumes of pure 
raw linseed oil", without visible 
sediment or curdling at the 
time of mixing 


“ This requirement applies to all driers except those 
confining iron. 

"This solution is equivalent to the following color 
standards; 

Color 

Number 

Gardner color standards (1933) 16 

Hellige color comparator 8L 

[red 26.2 

Lovibond equivalent (yellow 140.0 

(blue 0.3 

" In the case of disagreement between the seller and 
the purchaser, the test for miscibility with oil shall be 
made at 25 ± 1 C. 

The linseed oil shall conform to the Standard Specifi- 
cations for Raw Linseed Oil (A.S.T.M. Designation: 
D 234) .a 


ib) Metallic Content . — The drier shall 
conform to the requirements as to 
metallic content for the type and class 
specified in Table II. 


Note.— The metallic contents specified in 
Table II represent the normal amounts required 
for a drier that will be used with linseed oil in the 
ratio of 1 volume of drier to 19 volumes of oil. 


« Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Specifications for Liquid Paint Driers (D 600-43) 


TABLE II.~REQUIREMENTS FOR METALLIC 
CONTENT OF LIQUID PAINT DRIERS. 


Type 

Metallic Content of Drier 

Class 

A 

Class 

B 

Lead and 

Lead, min., per cent 

2.5 

2.5 

Manganese 

Manganese, min., per cent. 

0.6 

0.6 

Lead 

Lead, min., per cent 

5.0 

5,0 

Lead and 

Lead, min., per cent 

2.5 

2.5 

Cobalt 

Cobalt, min., per cent 

0.25 

0.25 

Manganese 

Manganese, min., per cent 

1.0 

1.0 

Cobalt 

Cobalt, min., per cent 

0.6 

0.6 

Zinc 

Zinc, min., per cent. 



Zinc and Co- 

Zinc, min., per cent 


a 

balt 

Cobalt, min., per cent 


a 

Iron 

Iron, min., per cent 

a 

a 


Methods of Testing 

, 3. The properties enumerated in these 
specifications shall be determined in 
accordance with the Standard Methods 
of Testing Liquid Driers (A.S.T.M. 
Designation: D 564),® except that in the 
test for miscibility, the sample shall be 
mixed with 9 volumes of linseed oil 
instead of 19 volumes. 


As agreed upon by the seller and the purchaser. 



Standard Methods of 
SAMPLING AND ANALYSIS OF SHELLAC^ 



A.S.T.M. Designation: D 29 - 40 
Adopted, 1917; Revised, 1924, 1925, 1928, 1933, 1939, 1940.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 29; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the pro- 
cedures for sampling and analyzing dry 
shellac and shellac varnish. 

DRY SPIELLAC 
Sampling 

Orange Shellac 

2. (a) Only original packages of shel- 
lac shall be sampled. Samples, prefer- 
ably from not less than 10 per cent of the 
lot, shall be drawn either by hand or by 
means of a suitable tryer. 

(6) Free Shellac . — In sampling “free” 
shellac, approximately double handfuls 
shall be taken from each bag of shellac 
selected for sampling. The total amount 
of shellac taken shall then be reduced by 
quartering to 2 lb. After quartering, 
the 2-lb. sample of shellac shall be 
ground so that 100 per cent will pass a 
No. 20 (840-micron) sieve. This 20- 
mesh ground shellac shall again be 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.TJM. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. _ 

* Prior to adoption as standard, these methods were 
published as tentative from 1914 to 1917, being revised in 
1915 and 1916. 


quartered to 0.5 lb., and this quantity 
shall be ground so that 100 per cent will 
pass a No. 40 (420-micron) sieve and 
then thoroughly rolled. One half of this 
sample shall be reserved by the pur- 
chaser and the other half used for the 
analysis. 

(c) Blocky or Matted Shellac . — In 
sampling “blocky” or “matted” (hard) 
shellac, approximately 1 lb. shall be 
taken from each bag selected for sam- 
pling. The total amount of shellac 
taken shall be ground to pass a |-in. 
sieve and then reduced by quartering to 
2 lb. After quartering, the 2-lb. sample 
of shellac shall be ground so that 100 per 
cent will pass a No. 20 (840-micron) 
sieve. This 20-mesh ground shellac 
shall again be quartered to 0.5 lb., and 
this quantity shall be ground so that 
100 per cent will pass a No. 40 (420- 
micron) sieve and then thoroughly rolled. 
One half of this sample shall be reserved 
by the purchaser and the other half used 
for analysis. 

Bleached Shellac 

3. Bone-dry Shellac. — {a) Only orig- 
inal, unopened barrels shall be sampled. 
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Sampling and Analysis of Shellac (D 29- 40) 


(b) Samples shall be taken either with 
a scoop or grain sampler from different 
parts of, each barrel directly after the 
barrels are opened or bored, from 20 per 
cent of any lot, but from not less than 
two barrels in a lot. 

(c) These samples taken from each 
barrel shall amount to approximately 1 
lb., and the composite sample from all 
the barrels shall then be well mixed and 
where larger than 3 lb. shall be reduced 
by quartering to a sample of this size. 
This sample shall then be divided into 
two equal portions and placed in two 
clean, dry quart jars or cans with tight 
caps or tops. The jars or cans shall be 
filled and the tops then sealed with 
paraffin wax or beeswax. 

(d) The sample of shellac when re- 
ceived by the analyst shall then be 
ground to entirely pass a No. 20 (840- 
micron) sieve, placed in a tightly 
•stoppered container, and thoroughly 
mixed by shaking the closed container 
so as to avoid possible loss of moisture. 
The necessary determinations on the 
sample shall be made with as little delay 
as possible. 

(e) If the shellac in the barrels is 
blocked or run together, samples aggre- 
gating at least 1 lb. shall be chopped or 
chiseled from different parts of each 
barrel and the composite sample from 
all barrels shall be quickly crushed to 
lumps about 1 in. square and smaller. 
This shall then be well mixed and where 
the amount is larger than 3 lb. reduced 
by quartering to a sample of approxi- 
mately this size. This sample shall 
then be divided and sealed as described 
in Paragraph (c). 

(/) The following information shall be 
legibly marked on a label attached to 
each sample: The date of sampling, the 
number of barrels sampled, the total 
number of barrels in the lot, the condi- 
tion of the barrels and contents, the 
manufacturer’s name, and the lot or 
code numbers of the barrels. 


(g) One of the samples shall be 
forwarded immediately to an official 
analyst, or to the seller; the other shall 
be retained intact in a cool, dry place 
for further disposition. 

(k) Hanks or Bars. — Two or more 
hanks or bars shall be selected from each 
barrel to be sampled and the samples 
shall be prepared from the hanks or bars 
so selected the same as for bone-dry 
shellac as described in Paragraph (e). 


Extraction Cartridge 



J to 3.5mm. inside c/iam. 
dSi/mm. 

'inside diam. 


Fig. 1. — Extraction Apparatus for Insoluble 
Matter Test, Method A. 


(i) Crushed or Ground. — Crushed or 
ground shellac shall be sampled the same 
as for bone-dry shellac as described in 
Paragraphs {a) to {d). 


Insoluble Matter 

A. For Orange f Button, Seed, and Regu- 
lar Bleached Shellac. 


Solvent Required 

4. 95 per cent Alcohol. — Specially de- 
natured, 95 per cent alcohol; Formula 
No. 1 or No. 30 of the U. S. Internal 
Revenue Bureau. 
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Apparatus 

5. The apparatus (Figs. 1 and 2) s h all 
consist of the following: 

(a) Condenser . — A 200 rh 6 mm,, four- 
bulb, glass condenser (Allihn type) with 
stem 76 ± 3 mm. in length and 11 ± 1 
mm. in inside diameter. The stem shall 
have two holes, 3 mm. in diameter and 
13 rfc 2 mm. from the tip, for a wire. 
The tip shall be cut at an angle of 45 deg. 

(b) Siphon Tube . — A Knoefler-type 
glass siphon tube 32 =t 0.5 mm. in inside 
diameter, and 52 ± 1 mm, from top of 
the side tube bend to the top of the 
three indentations on the bottom for 
supporting the extraction cartridge. 
The over-all height shall be 95 db 1 mm. 


support with iron clamp and nichrome 
or iron gauze is required. The gauze 
shall contain no asbestos covering. 

{d) Filter Tube . — A carbon filter tube 
32 db 1 mm. in inside diameter, with a 
light spiral spring on the bottom to hold 
up the extraction cartridge. The stem 
of the filter tube shall be fitted with a 
No. 6 rubber stopper and firmly held in 
a hot- water bath. 

(e) Extraction Cartridges. — Extrac- 
tion cartridges 26 ± 1 mm, in diameter 
and 60 rb 1 mm. in height (Schleicher & 
Schull No, 603 or equivalent). 

if) Weighing Bottle . — A glass-stop- 
pered weighing bottle 80 dr 1 mm. in 
height and 40 dr 1 mm. in diameter. 


r— 

SSUrnm. _ o rn-Hmm k 1 

1 inside diam. ^ Sl-lmm. j< j 



- - ^ ^ ^ — 


i 1 

J 1 

“'tj-U'' Hmm. inside diam. 

J ''Ho. 6 rubber stopper 


Fig. 2. — Hot- Water Bath for Insoluble Matter Test, Method A. 


The siphon tube shall have two holes 
near the top for a wire to be fastened to 
a condenser tip, leaving about 6 mm. 
space between the top of the tube and 
the tip. The side discharge tube shall 
be 3 to 3.5 mm. in inside diameter. 

(c) Flask . — A heat-resistant glass,® 
wide-mouth Erlenmeyer flask 176 dr 3 
mm. in height and 48 dr 1.5 mm, in 
inside diameter at the top. The flask 
shall have a tight-fitting cork 25 mm. in 
depth and bored to fit the stem of the 
condenser. The bottom of the cork 
shall be just above the holes for the wire. 
To support the flask a suitable ring 


(g) Hot-Water Bath.— A hot- water 
bath made of 26-oz. copper, 30 cm. in 
length, 10 cm. in width, and 7.5 cm. in 
depth, with cover 1.3 cm. deep (Fig, 2). 
The cover shall have a flanged hole 57 rfc 
1 mm. in diameter for a 200-ml. beaker, 
also a hole 35 dr 1 mm. in diameter 
through which the filter tube top pro- 
jects. Directly below this hole, in the 
bottom of the bath, shall be a flanged 
hole 25 rb 1 mm. in diameter to hold 
the No. 6 rubber stopper through which 
the stem of the filter tube extends to 
discharge into the bottle or flask. The 
hot-water bath shall be mounted on a 
low iron tripod or stand. 


* Pyrex glass is very satisfactory for this purpose. 


996 


Sampling and Analysis of Shellac (D 29 - 40) 


(h) Gas Burner— k low-form adjust- 
able bunsen burner, carrying a draft 
shield by means of a star chimney 
support. 

Preparation of Extraction Cartridge 

6. Place 125 ml. of 95 per cent alcohol 
in the flask and a new extraction car- 
tridge in the siphon tube. Connect to 
the condenser, making sure there is an 
ample flow of cold water through the 
condenser. Adjust the flame; of the 
burner so as to give a cycle of filling and 
emptying in the siphon tube every 2 min., 
and extract for 30 min. Dry the car- 
tridge in an air bath at 105 C. At the 
end of 2 hr., weigh in a weighing bottle, 
lifting the stopper momentarily before 
weighing. Continue drying, weighing as 
before after each hour of drying, until 
the loss in weight between successive 
weighings does not exceed 2 mg. A num- 
ber of cartridges may be extracted and 
kept in weighing bottles or a desiccator 
until required. New cartridges only shall 
be used. 

Procedure 

7. Before analysis, thoroughly mix 
and roll the shellac in order to insure 
uniformity of the sample (Note 1). 
Weigh to the nearest 1 mg, a 5-g. rfc 1- 
mg. sample taken directly from the 
mixing sheet, and place in a 200-ml. tail- 
form, lipped beaker; add 125 ml. of 95 
per cent alcohol, and place in the hot- 
water bath (Fig. 2). Boil the solution 
vigorously for 30 min. to insure complete 
solution of the shellac and Trax; keep the 
volume of alcohol constant. Meanwhile 
place an extracted, weighed cartridge in 
the filter tube. The hot water around 
the tube must be maintained at not less 
than 90 C. Wet the cartridge with hot 
alcohol, and decant the boiling alcohol- 
shellac solution into the warm cartridge 
until the beaker is nearly empty. Wash 
the remaining solution and insoluble 


matter into the cartridge, using a 
“policeman" if necessary, with successive 
portions of very hot 95 per cent alcohol. 
Finally, wash the cartridge from the top 
down. A complete washing will require 
at least 75 ml. of hot alcohol. Transfer 
the cartridge with insoluble matter to 
the extraction apparatus, and extract 
with 125 ml. of boiling 95 per cent 
alcohol for exactly 1 hr. (Note 2). 
Adjust the bunsen burner so that a 
complete filling and emptying of the 
siphon tube with hot alcohol requires 
2 min. or 30 cycles per hour (Note 3). 
The condenser shall always have an 
ample flow of cold water so that the 
alcohol can be promptly condensed and 
returned to the flask. (The apparatus 
shall be guarded from draft.) Remove 
the cartridge, drain in an upright posi- 
tion, and dry in an air bath at 105 C. 
At the end of 2 hr. weigh in the weighing 
bottle, lifting the stopper momentarily 
to break the vacuum before weighing. 
Continue drying, weighing as before 
after each hour of drying, until the loss 
in weight between successive weighings 
does not exceed 2 mg. From the weight 
of the residue and the weight of the 
sample calculate the percentage of 
insoluble matter. 

Note 1. — When the determination of matter 
insoluble in hot alcohol is required for hanks, 
bars, or ground bleached shellac, the sample 
shall be dried to less than 6 per cent moisture 
by drying overnight at room temperature. The 
sample shall be exposed in a thin layer and 
loosely covered to prevent the addition of dust. 

Note 2. — During the l-hr. extraction, all 
the remaining soluble matter should be extracted 
by the boiling alcohol, leaving in the cartridge 
all the insoluble matter. 

Note 3. — Occasionally, lacs, including 
bleached shellacs, are encountered which will 
not yield the required 30 siphons per hour due to 
slow filtration. In these instances the extrac- 
tion shall be continued until 30 siphons have 
occurred and shall be reported as “abnormal” 
or slow filtering. 
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Sampling and Analysis 

B. For all Grades of Shellac, Including 
Refined Bleached Shellacd 

Solvent Required 

8. Normal Butyl Alcohol . — A 98 to 
99 per cent normal butyl alcohol or 98 
to 99 per cent ethylene glycol monoethyl 
ether (beta ethoxy ethyl alcohol) con- 
forming to the requirements of the 
Standard Specifications for Butanol 
(Normal Butyl Alcohol) (A.S.T.M. Des- 
ignation: D 304)^ or the Standard 
Specifications for Ethylene Glycol Mono- 
ethyl Ether (A.S.T.M. Designation: 
D331) of the American Society for 
Testing Materials.® 


Copper coil 



Fig. 3.— Apparatus for Insoluble Matter Test, 
Method B. 


Apparatus 

9. The apparatus (Fig. 3) shall consist 
of the following: 

(a) Crucible . — A Jena glass-filter cru- 
cible having a capacity of 30 ml. with a 
fritted-glass filter disk having a thickness 
of 3 mm. and a porosity of 5 to 7 (aver- 
age diameter of pores 35 m to 40 /x). 

{h) Filter Tube . — A carbon filter tube 
made of heat-resistant glass® to fit the 
crucible. 

< C. C. Hartman, “Determination of Insoluble Matter 
in Shellac,” U. S. Bureau of Standards Journal of Research, 
Vol. 7, No. 6, p, llOS (1931). 

5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(c) Healing Coil.— A healing coil 
made of 3-mm. diameter copper tubing 
of such size and shape that the filter 
crucible and the large part of the carbon 
tube will fit snugly within it. The 
outside shall be insulated with sheet 
asbestos. 

Preparation of Filtering Unit 

10. Cut a disk of filter paper (What- 
man No. 41 or equivalent) to fit inside 
the crucible and place it on top of the 
glass filter. Introduce upon the filter 
paper, in the customary manner, an 
asbestos mat approximately 3 mm. in 
thickness. Dry the crucible to constant 
weight at 105 to HOC. and cool in a 
desiccator. Weigh the prepared crucible 
and place it within the carbon tube, using 
thin rubber tubing to form an airtight 
connection. Place the combined filter- 
ing unit within the heating unit, attach 
to a suction flask, and pass a current of 
steam through the coil. 

Procedure 

11. Weigh to the nearest 1 mg. a 5-g. 
± 100-mg. sample of the dry shellac 
(Note 1) into a 200-ml. beaker. Add 
75 ml. of the solvent and bring the solu- 
tion to boiling on an electric stove. 
Keep the solution boiling slowly for 5 
min. to insure complete solution. Pour 
about 10 ml. of the boiling solvent from 
a wash bottle into the heated crucible. 
Apply gentle suction and immediately 
pour the boiling shellac solution into the 
crucible in such a manner as to retain as 
much as possible of the insoluble residue 
in the beaker. Wash the insoluble residue 
successively with three 20-ml. portions of 
the solvent, boiling the solution on the 
electric stove for about 1 min. before 
each filtration. Finally, transfer the 
residue from the beaker to the crucible 
with a stream of the boiling solvent from 
a wash bottle, using a “policeman” when 
necessary. Wash down the inner walls 
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of the crucible with the boiling solvent. 
The total volume of the solvent used 
shall be approximately 175 ml,. It is 
advisable to keep the crucible covered 
with a small watch glass at all times, 
except when actually transferring the 
solution from the beaker to the crucible, 
or when washing down the inside walls 
of the crucible. By this procedure a 
higher temperature is maintained within 
the crucible. Allow the crucible to 
remain inside the heating coil with the 
suction on for a few minutes, so as to 
suck it as dry as possible. Remove the 
crucible, wash the outside with boiling 
solvent, and dry it in an oven at 105 to 
110 C. for 1 hr., cool in a desiccator, and 
weigh. From the weight of the residue 
and the weight of the sample calculate 
the percentage of insoluble matter. 

Note 1. — For refined bleached shellac and 
other shellacs having a very low percentage of 
insoluble matter, a 10 to 20-g. sample shall be 
taken. 

Note 2. — The insoluble matter can be easily 
removed together with the asbestos mat and 
filter paper. The crucible may be used several 
times without further cleaning. When addi- 
tional cleaning is necessary it may be easily 
accomplished by immersing the crucible in a 
hot mixture of sulfuric and nitric acids for a few 
minutes. 

Iodine Number 
Special Solutions Required 

12. (a) Acetic Acid. — Glacial acetic 
acid (99 per cent) having a melting point 
of 14.8 C. and free from reducing impuri- 
ties. If these requirements are not 
complied with the results of the iodine 
number determination will be erratic. 
Determine the melting point and test 
the acetic acid for reducing impurities 
as follows: 

Melting Point Determination.— YAX a 
6-in. test tube about two-thirds full of 
the acetic acid and insert into the acid 
an accurate thermometer (Note) by 
means of a cork stopper fitting the teit 


tube. The amount of acid should be at 
least double the quantity required to 
cover the bulb of the thermometer when 
the bottom of the latter is \ in. from the 
bottom of a test tube. Suspend this 
tube within a larger test tube by means, 
of a cork. Cool the acid by immersing 
the assembly in ice water until the 
temperature is 10 C., then withdraw the 
assembly from the ice water and stir the 
acid rather vigorously for a few mo- 
ments, thus causing the supercooled 
liquid to crystallize partially and give a 
mixture of liquid and solid acid. Take 
thermometer readings every 15 sec. and 
consider as the true melting point that 
temperature at which the reading re- 
mains constant for at least 2 min. 

Note.— An engraved stem thermometer 
calibrated between 10 and 65 C. in 0.1 C. 
intervals and with the 0 C. point marked on the 
stem is recommended. The thermometer 
shall have an auxiliary reservoir at the upper 
end, a length of about 37 cm., and a diameter of 
about 6 mm. It is recommended that the 
thermometer be certified by the National 
Bureau of Standards. A suitable thermometer 
is that used for the titer test.“ 

Test for Reducing Impurities {Po- 
tassium Permanganate Test) I — Dilute 2 
ml, of the acetic acid with 10 ml. of 
distilled water and 0.1 ml. of 0.1 A 
KMn04 solution and maintain at 24 ± 
3 C. At the end of 2 hr. the pink color 
shall not be discharged. 

{h) Wijs Iodine MonocMoride Solu- 
tion. — Dissolve 13 g. of iodine in a liter 
of the acetic acid, using gentle heat if 
necessary, determining the strength by 
titration with thiosulfate. Set aside 50 
to 100 ml. of the solution and introduce 
dry chlorine gas into the remainder until 
the characteristic color change occurs, 
and the halogen content has been nearly 
doubled as ascertained by titration. If 

» Standard Specifications £or A.S.T.M. Thermometers 
(A.S.T.M. Designation: E 1), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M, 
Designations at front of hook. 

’ fndititrtol and Engimering Chemistry, No. 18, p. 637, 
June, im, 
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the halogen content has been more than 
doubled, reduce it by adding the requi- 
site quantity of the iodine - acetic acid 
solution. A slight excess of iodine does 
no harm but an excess of chlorine shall 
be avoided. 

Notk 1— Example.— U the titration of 
20 ml. of original iodine - acetic acid solution 
required 22 ml. of 0.1 N thiosulfate, 20 ml. of 
the finished Wijs solution should require between 
43 and 44 ml. of the thiosulfate solution. 

Note 2. — The Wijs solution should be tested 
against an orange shellac the iodine number of 
which is accurately known.® The iodine number 
thus obtained should be within plus or minus 
0.5 of the known iodine number. 

(c) Chloroform. — U. S. P. grade, ace- 
tone-free. 

(d) Standard Sodium Thiosulfate Solu- 
tion. — Dissolve pure sodium thiosulfate 
in distilled water that has been well 
boiled to free it from carbon dioxide, in 
the proportion so that 24.83 g. of 
Na2S203*5H20 will be present in 1000 
ml. of the solution. It is best to let this 
solution stand for about two weeks be- 
fore standardizing. Standardize with 
pure resublimed iodine or potassium bi- 
iodate.® This solution will be ap- 
proximately 0.1 N and it is best to 
leave it as it is after determining its 
exact iodine value, rather than to at- 
tempt to adjust it to exactly 0.1 N 
strength. Preserve in a stock bottle 
with a guard tube filled with soda lime. 

(e) Starch Solution.^^ — ^Make a paste 
of 0.2 g. of soluble (potato) starch in 
cold water and pour into 100 ml. of boil- 
ing water, boil for 5 min., cool, and bottle. 

(/) Potassium Iodide Solution. — Pre- 
pare fresh by dissolving 10 g. of KI, free 
from iodate, in 90 ml. of distilled water. 

Procedure 

13. (c) Introduce a 0.2-g. sample 
(Notes 1 and 2) of finely-ground shellac 

® Standard samples of pure orange shellac, rosin-free, 
of accurately known iodine number may be purchased from 
the Secretary of the U. S. Shellac Importers’ Assn., ISS 
John St., New York City. 

® “Analytical Chemistry,” Treadwell and Hall, Vol. II, 
Sixth Edition, pp. 5S1 and 5S.I 
Editorially revised in 1941. 


into a 250-ml,, dry, clear glass bottle 
having a ground-glass stopper. Add 20 
ml. of glacial acetic acid and twirl the 
bottle gently on top of a hot-water bath 
at 65 to 70 C. until solution is complete, 
except for the wax. This should not 
require more than 15 min. A pure 
shellac is rather difficultly soluble; solu- 
tion is quicker according to the percent- 
age of rosin present. Add 10 ml. of 
acetone-free chloroform and cool the 
solution to from 21.5 to 22.5 C. Allow 
the bottle to stand for at least 30 min. 
half immersed in a shallow pan of water 
at a temperature of 21.5 to 22.5 C., well 
insulated or equipped with a suitable 
thermostat, before adding the Wijs 
solution. Add 20 ml, of the Wijs solu- 
tion (Note 3), which shall be at a 
temperature of 21.5 to 22.5 C., from a 
pipette having a rather small delivery 
aperture (about 30 sec.). Close the 
bottle, place it again into the pan of 
water, and note the time. The bottle 
shall be kept half immersed in water 
at from 21.5 to 22.5 C. during the 
hour that the shellac is exposed to the 
Wijs solution. Twirl the bottle occa- 
sionally during the hour. After exactly 
1 hr., add 10 ml. of freshly prepared Kl 
solution, washing into the bottle any 
Wijs solution on the stopper with the 
same. Titrate the solution immediately 
with about 25 to 30 ml. of the 0.1 N 
Na2S203, allow the solution to run in 
rapidly, and shake vigorously until the 
solution becomes a straw color. Now 
add 15 ml. of freshly prepared starch 
solution and slowly finish titrating. The 
end point is sharp; disregard any color 
returning after about 30 sec. 

{h) Blank . — Run a blank determina- 
tion on the reagents at the same time. 
The blank is necessary because of the 
well known effect of temperature changes 
on the volume, and possible loss of 
strength of the Wijs solution. 

(c) Standard Shdlac.^—Wiih. every set 
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of tests, run a determination on a sample 
of pure shellac of known iodine value. 

Note 1. — In the case of grossly adulterated 
samples, or in the testing of pure rosin, it is 
necessary to use, instead of 0.2 g. of material, a 
smaller quantity (0.15 or 0.1 g.) in order that the 
excess of iodine monochloride may not be too 
greatly reduced since the excess of halogen is 
one of the factors in determining the amount of 
absorption. In case less than 25 ml. of the 
Na 2 S 203 is required, another test shall be made, 
using a smaller quantity of the shellac. 

Note 2. — In weighing shellac, some difficulty 
is at times experienced on account of its electri- 
cal properties. In very dry weather it may be 
found that the necessary handling to prepare it 
for weighing has electrified it, and that it may 
be necessary to leave it in the balance pan at 
rest for a few minutes before determining the 
weight. 

Note 3. — If a number of samples are being 
run, at least 5 min. shall be allowed between 
the additions of the Wijs solution. 

Calculation 

14. The iodine number of the Scample 
of shellac tested shall be calculated from 
the difference between the blank titra- 
tion and the titration of the sample, and 
the iodine value of the Na 2 S 203 solution. 
(Iodine number is given in centigrams 
of iodine to 1 g. of sample.) 

Purity 

Rosin 

15, Qualitaiive Test for Rosin . — Add 
20 ml of absolute alcohol or glacial 
acetic acid (melting point 13 to 15 C.) 
to 2 g. of the shellac and thoroughly 
dissolve. Add 100 ml. of petroleum 
ether and mi.x thoroughly. Add ap- 
proximately 2 liters of water and sepa- 
rate a portion of the ether layer (at 
least 50 ml.) and filter if cloudy. 
Evaporate the petroleum ether and 
test the residue witli the Halphen-Hicks 
reagent^’ as follows; 

Solution A.— One part by volume of 

u Industrial and Engineering Chemistry, Vol. 3, p. 
(1911). 
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phenol dissolved in two parts by volume 
of carbon tetrachloride. 

Solution B.—One part by volume of 
bromine dissolved in four parts by 
volume of carbon tetrachloride. 

Add 1 to 2 ml. of Solution A to residue 
left after evaporation of the petroleum 
ether solution and pour this mixture into 
a cavity of an ordinary porcelain color- 
reaction plate until it just fills the de- 
pression, Immediately fill an adjacent 
cavity with Solution B. Cover the 
plate with an inverted watch glass and 
note the color, if any, produced in the 
former solution by the action of the 
bromine vapors from Solution B. A 
decided purple or deep indigo blue color 
is an indication of the presence of rosin. 

Copal 

16. Qualitative Test for Copal.— M.dk& 
an approximately 35 per cent solution of 
the shellac in 95 per cent denatured 
alcohol, then filter. To 10 ml. of this 
filtrate in a large test tube (6 by f in.), 
add 99 per cent methyl alcohol to nearly 
fill the tube, and mix thoroughly. The 
formation of a precipitate after standing 
is an indication of copal. Shellac free 
from copal should remain clear. 

Estimation, of Adulterant 

17. Since the variation between the 
highest and lowest iodine numbers of a 
pure shellac is not great, it is recom- 
mended that the following assumptions 
(Note) be made: 

Assumed 

Iodine 

Number 

Rosin-free and copal-free orange shellac 1 8 
Rosin-free and copal-free bleached 


shellac 10 

Rosin 228 

Copal.... 130 


The percentages of adulterants shall 
be calculated as follows: 

Percentage of rosin r _ i s 
in orange shellac ?= -i — — ^ jqq 
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Percentage of rosin a; _ 10 
in bleached shellac = X 100 

Percentage of copal 3 ; — ig 
in orange shellac = j — - X 100 

Percentage of copal 
in bleached shellac = X 100 

where: 

x = iodine number of the sample 
under test, determined in accord- 
ance with Sections 13 and 14. 

Note.— T he results obtained by assuming 
the values of 18 and 10 as the iodine number of 
orange and bleached shellac, respectively, and 
228 as the iodine number of rosin may give a 
slightly lower percentage of rosin, under some 
circumstances, than that which is actually 
present. 

Moisture 

Procedure 

18. (a) Orange Shellac and Dry- 
Bleached Shellac . — Weigh a sample of 5 
g. in a flat-bottomed dish about 4 in. in 
diameter and place the dish in a well- 
ventilated gas or electric oven for at 
least 6 hr. at 41 db 2 C. Cool in a desic- 
cator and weigh. Continue heating to 
constant weight. 

Note. — Dry-bleached shellac is also termed 
"bone-dry,” "kiln-dry,” or "vac-dry” bleached 
shellac. 

(6) Hanks and Ground- Bleached Shel- 
lac . — Weigh a 5-g. sample in a flat- 
bottomed dish about 4 in. in diameter 
and dry in a desiccator over H2SO4 for 
at least 12 hr. Place the dish in a well- 
ventilated gas or electric oven for at 
least 6 hr. at 41 ± 2 C., cool in a desic- 
cator, and weigh. Continue heating to 
constant weight. 

Note. — Average commercial orange shellac 
contains not more than 2 per cent of moisture. 
Average commercial regular dry-bleached and 
dry-refined bleached shellac contain not more 
than 6 per cent of moisture. Average com- 


mercial regular and refined bleached shellac in 
the form of hanks or bars, or ground bleached 
contain not more than 25 per cent of moisture. 

Wax 

Solvents Required 

19. (a) 9S per cent Alcohol , — Specially 
denatured, 190-proof alcohol; Formula 
No. 1 or No. 30 of the U. S. Internal 
Revenue Bureau. 

{h) Chloroform . — This solvent shall be 
redistilled before using as it must not 
leave a nonvolatile residue. 

(c) Filter Cel . — The filter cel shall be 
extracted with the chloroform before 
using. 

Note.— A verage commercial orange and 
dry-bleached shellac will contain about 4 to 5. 5 
per cent of wa.x. Average commercial dry- 
bleached refined shellac will be practically free 
from wax. 

Procedure 

20. Dissolve 10 g. of shellac and 2.5 g. 
of Na 2 C 03 in 150 mi. of hot water. 
Make the solution in a 200-ml. tail-form 
beaker; immerse the beaker in a steam 
or boiling-water bath and stir until the 
shellac is in solution. Then cover with a 
watch glass and allow to remain in the 
bath for 2 to 3 hr. more without agita- 
tion. Remove the beaker from the bath 
and place it in cold water. The wax will 
come to the top where it will solidify 
as a layer or float as small hard particles 
according to the amount of wax present 
in the lac. Filter the solution through a 
12-cm, folded filter paper or a Buchner 
funnel (2| or 3| in. in inside diameter). 
Cover the bottom of the Buchner funnel 
with a disk of filter paper, mix 1 g. of 
filter cel with water, and pour onto the 
filter. Add 0.5 g. of filter cel to the 
solution, and filter with the aid of a 
vacuum. After washing out the soluble 
shellac, pour on a few milliliters of alco- 
hol to facilitate drying. Dry at a 
temperature of 40 ± 2 C., wrap in a 
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filter paper, tie or bind with thin copper 
wire, and extract in a suitable continuous 
extraction apparatus with chloroform 
for 2 hr. Dry the wax at 105 C. to 
within 10 mg. of constant weight. 

Orpiment in Orange Shellac 
Apparatus 

21. (a) A jacketed glass funnel. 

(5) A Kipp generator or its equivalent 

for a steady supply of hydrogen sulfide. 

Special Solution Required 

22. Specially Denatured Alcohol (either 
No. 1 or No. 30). 

Procedure 

23. {a) Weigh exactly 50 g. of the 
thoroughly rolled 25-mesh sample, trans- 
fer to a 500-ml. round bottom flask, add 
450 ml. of specially denatured alcohol 
(either No. 1 or No. 30), and clamp the 
flask securely in a hot water bath. Al- 
low to come to a gentle boil and com- 
plete solution of the shellac. Remove 
from bath and wait just long enough to 
permit settlement of the bulk of the 
insoluble matter, and filter through a 
12.5-cm. No. 40 Whatman paper, or its 
equivalent, placed in either a funnel 
about which has been wound a coil of 
copper or tin tubing through which 
steam is passed to heat it, or preferably 
a jacketed glass funnel. For speedy 
filtration, it is absolutely imperative 
that both funnel and contents be kept 
hot, otherwise the wax will congeal and 
clog the paper. Keep a watch glass 
over the funnel when not pouring into 
it. Bo not pour off too close from the 
insoluble residue, but wash flask and 
paper by four successive treatments with 
50 ml. of the boiling alcohol, pouring 
the alcohol over all surfaces of the paper. 
Finally, wash the paper with 50 ml. of 
the boiling alcohol, and, when it has run 
through, remove the watch glass and 


allow steam to flow for a few minutes in 
order to drive out most of the alcohol. 
Change the receiver and pour portion- 
wise, with steam on, 200 ml. of boiling 
carbon tetrachloride over the surface 
of the paper in order to remove residual 
wax which, if present, materially pro- 
longs the subsequent digestion opera- 
tion. Leave the cover off and allow 
steam to flow for a few minutes to drive 
out most of the solvent. Carefully re- 
move the paper from the funnel and 
return it to its initial solution flask. 

(6) To the flask and its contents add 
25 ml. of arsenic-free HNO3 (sp. gr. 
1.42), place under a hood with good 
draft, and apply gentle heat, digesting 
for 20 min. (ample time for destruction 
of the paper and solution of the arsenic). 
Cool, add 25 ml. of arsenic-free H2SO4 
(sp. gr. 1.84), return to hood, and heat 
gently at first until most of the nitrous 
fumes are off, after which increase heat 
and continue to evolution of sulfur 
trioxide fumes. If organic matter or 
charring is evident at this stage, cool 
the flask, rinse down sides sparingly with 
water, and add with caution 3 to 4 ml. 
of hydrogen peroxide (30 per cent). 
After initial violent gas evolution has 
ceased, heat again to sulfur trioxide 
fumes. If discoloration reappears, re- 
peat the peroxide addition and the 
heating to fumes. Generally two such 
treatments suffice to produce a clear, 
carbon-free solution. When such a 
point is reached, transfer the solution to 
a 300-ml. Florence flask, rinsing thor- 
oughly, so as to bring the final volume 
up to 125 to 150 ml. Boil this down 
rapidly to low bulk, just short of fum- 
ing, to insure complete (and necessary) 
removal of both HNO3 and H2O2. 

(c) Add 20 g. of either c.p. ferrous 
or ferrous ammonium sulfate to the 
contents of the flask and connect to an 
upright, bulb-type, glass condenser with 
an U-tube having about |-in. bore and 



Sampling and Analysis of SHfitUe (£) 29 ~ 40) 


1003 


a distance of 8 in. between arms, using 
a two-hole rubber stopper in the flask. 
Through the other hole insert either a 
double-bulb safety tube or a small 
separatory funnel with a long slim tip. 
Bend the end of this tip into a short U 
so that the orifice points upward and 
fit it into the flask so that it very nearly 
touches the bottom. Place a 250-ml. 
beaker containing 50 ml. of water on a 
support which is readily movable, so 
that the condenser tip is just immersed 
in the water during the entire distilla- 
tion. Put into the beaker a glass tube 
connected with a supply of hydrogen 
sulfide, kept bubbling through at a good 
rate during the entire distillation. 
When the apparatus is securely con- 
nected, water flowing through the con- 
denser, and hydrogen sulfide passing 
into the receiver, pour 50 ml. of arsenic- 
free HCl (sp. gr. 1.19) into the bulb of 
the safety tube and allow to flow into 
the flask. Apply heat gently at first 
and bring to a steady boil. The yellow 
orpiment precipitate will begin to show 
in the receiver as soon as distillation 
starts. Continue the distillation until 
bumping begins. Remove the flame, 
change the receiver, run another 50 ml. 
of HCl (sp. gr. 1.19) into the flask, and 
repeat the distillation, using the same 
procedure as before. With a properly 
prepared sample, practically ail of the 
arsenic comes over in the first distilla- 
tion, the second one serving mainly as 
a safeguard. When it is finished, lower 
the receiver, wash down the inside of 
the condenser and the outside of the 
condenser tip into the flask, and if any 
orpiment is observed on the walls of 
the condenser, wash sparingly with 
NH4OH (sp. gr. 0.90), allowing it to 
drain and then rinsing again with water. 
Check the acidity of the contents of 
the beaker, adding more add if neces- 
sary, and allow hydrogen sulfide to bub- 
ble through for a few minutes. 


(d) In the meanwhile prepare a Gooch 
crucible with asbestos mat, ignite it, 
and cool in a desiccator. Weigh it as 
accurately as possible, since the pre- 
cipitate in the final weighing may 
weigh 10 mg. or less. Filter contents 
of both beakers through the tared Gooch 
crucible, scrubbing thoroughly with a 
rubber policeman and then washing with 
hot water. After the water is through, 
wash with two 50-ml. portions of strong 
alcohol and then with two 50-ml. por- 
tions of boiling carbon disulfide (heat- 
ing the carbon disulfide in a flask im- 
mersed in hot water, with flames out), 
regulating the suction in such a way as 
to retain each portion in the crucible for 
about 5 min. This treatment is very 
important, as it serves to remove any 
traces of sulfur which may have precipi- 
tated with the orpiment, and which if 
left in would materially affect the final 
result, particularly with a sample quite 
low in arsenic. Dry the Gooch crucible 
and contents in an oven at 105 to 110 C., 
a drying for 2 hr. generally being suffi- 
cient, cool in a desiccator, and weigh 
as accurately as possible. Calculate 
the gain in weight directly to percentage 
of AS 2 S 3 (orpiment). 

(e) If there is any reason for believ- 
ing that the reagents used are not ar- 
senic-free, run blank determinations 
concurrently, using the same reagents 
in the same amounts, and deduct from 
the determination any arsenic thus 
found. 

Matter Soluble in Water 
Procedure 

24. Weigh accurately 10 to 25 g. of the 
finely ground sample, and stir it thor- 
oughly with 200 ml. of distilled water in 
a suitable-size flask or beaker. Cover 
with a watch glass and allow to stand- 
at room temperature (approximately 21 
C.) for 4 hr. (Note), stirring occasionally. 
Decant the water through a Buchner 
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funnel, 2-| or 3| in. in inside diameter, 
the bottom of which is covered with a 
wet filter paper held tightly in position 
by suction. Wash the shellac and 
filter paper with at least 100 ml. of 
water. Evaporate, the water and dry 
the extract to constant weight at 105 
to 110 C. for 1 hr. or more. Cool, 
weigh, and calculate the percentage of 
matter soluble in water. 

Note.— -In the case of dry-bleached shellac, 
it is recommended that during the summer the 
vessel be kept at a temperature of 16.5 C. or 
less during the 4-hr. digestion period. 

Ash 

Procedure 

25. Char a weighed quantity (3 to 5 
g.) of the shellac and ignite at a low 
heat, not exceeding dull redness, until 
free from carbon. If a carbon-free ash 
can not be obtained in this manner, 
exhaust the charred mass with hot 
water, collect the insoluble residue on an 
ashless filter, burn the filter and con- 
tents until all the carbon is consumed. 
Add the filtrate, evaporate to dryness, 
and heat to dull redness. Cool in a 
desiccator and weigh. 

Color 

Procedure 

26. Digest a weighed portion of the 
shellac with twice its weight of cold 95 
per cent alcohol, shaking at intervals 
until the shellac is entirely “cut” and 
proceed in accordance with Section 29 
by the particular method agreed upon 
by the purchaser and the seller. 

SHELLAC VARNISH 
Temperature of Testing 

27. All tests, unless otherwise speci- 
fied, shall be made at room temperature 
between 21 and 32 C. (70 and 90 F.). 


Sampling 

28. The sample of shellac varnish 
shall be thoroughly agitated in the con- 
tainer immediately before portions are 
removed for the various tests, and the 
unused portion shall be kept in a tightly 
stoppered glass container, in a cool, 
dark place. 

Color 

Procedure 

29. Compare the color of the sample 
with the color of the shellac varnish 
agreed upon by the purchaser and the 
seller, by either of the following methods; 

(a) Comparison of Solutions . — Shake 
both shellac varnishes well and then 
place equal portions of each in separate 
clear-glass tubes of the same diameter. 
Make the color comparison by placing 
the tubes together and comparing the 
colors. 

(5) Comparison of Films . — Shake the 
shellac varnishes well and then allow 
them to stand for 30 min. Flow ap- 
proximately equal portions of the two 
shellac varnishes on separate milk-glass 
or porcelain plates and allow the films 
to dry in a vertical position. Make 
the color comparison upon the dried 
films. 

Nonvolatile Matter 

Procedure 

, 30. Pour a portion of the sample of 
shellac varnish into a stoppered bottle 
or weighing pipette and weigh. Trans- 
fer not more than 1.5 g. of the sample 
to a weighed metal dish. Weigh the 
container again, and calculate by 
difference the exact weight transferred 
to the dish. The tared metal dish shall 
have a flat bottom about 8 cm. in 
diameter and shall contain about 10 g. 
of prepared sea sand (Note) . A friction- 
top can cover will serve as a satisfactory 
dish. Add approximately 2 g. of alcohol 
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lo the contents of the dish and mix 
thoroughly with a glass rod. Heat the 
dish and its contents for 3 hr. in an oven 
maintained at 105 d= 2 C. Place in a 
desiccator, cool, and weigh. From the 
weight of the residue and sample calcu- 
late the percentage of nonvolatile matter. 

Note. — The sand shall have previously 
been prepared by digesting with hot HCl for 
1 hr., washing to remove all acid and soluble 
impurities, igniting, and then cooling in a 
desiccator. 

WA.X 

Procedure 

31. Weigh a quantity of the shellac 
varnish that will contain approximately 
10 g. of nonvolatile matter, and place 
in a 200-ml. tail-form beaker, to which 
add 2.5 g. of NaaCOs and 150 ml. of hot 
water. Immerse the beaker in a steam 
or boiling-water bath and stir until the 
shellac is in solution. Then cover with 
a watch glass and complete the deter- 
mination in accordance with the pro- 
cedure described in Section 20. 

Insoluble Matter 
Procedure 

32. Determine insoluble matter in 
accordance with either method A oi B 
as described in Sections 4 to 11. The 
quantity of shellac varnish taken shall 
correspond, as closely as practicable, to 
5 g. of nonvolatile matter found in the 
sample. 

Iodine Number 

Procedure 

33. Pour the shellac varnish on a 
perfectly clean glass plate, 6 by 10 in., 
and place the plate in a nearly vertical 
position in a well ventilated room at 20 
to 30 C. (70 to 90 F.) for at least 1 hr. 
to allow the excess varnish to drain off. 
Then place the plate horizontally in an 
air bath overnight at a temperature of 
43 ± 5 C., cool, and scrape the dry 
shellac from the plate wdth a razor blade, 
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discarding the thick edges. Weigh ac- 
curately a 0.2 ± 0.005 g. sample of the 
dry shellac, and transfer to 250-mL 
glass-stoppered bottle. In the case of 
badly adulterated samples, use a 0.1 
db 0.005 g. sample. Determine the 
iodine number in accordance with the 
procedure for dry shellac described in 
Sections 12 to 14. 

Purity 

Qualitative Tests 

34. Make qualitative tests for rosin 
upon the residue from shellac varnish 
evaporated at 75 to SO C., and for copal 
upon the filtrate of shellac varnish 
filtered through dry filter paper in 
accordance with Sections 15 and 16. 

Estimation of Adulterant 

35. If the qualitative test shows the 
presence of rosin but no copal or the 
presence of copal but no rosin, the 
percentage of rosin or copal, respectively, 
may be estimated from the iodine num- 
ber as described in Section 17. 

Approximate Drying Time 
Procedure 

36. Dilute the sample of shellac 
varnish with alcohol until it contains 
only 36 per cent or less of nonvolatile 
matter. Pour the shellac varnish on a 
perfectly clean glass plate, at least 2 by 
4 in., and place the plate in a nearly 
vertical position in a well ventilated 
room but not in the direct rays of the 
sun. The temperature of the room 
should be between 20 and 30 C. (70 and 
90 F.) (Note). Test the varnish film 
at points not less than 2.5 cm. from the 
top and side edges of the film by touch- 
ing lightly with the finger. The shellac 
varnish shall be considered to have “set 
to touch” when gentle pressure of the 
finger shows a tacky condition but none 
of the varnish adheres to the finger. 
The shellac varnish shall be considered 
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to have “dried hard” when the pressure 
that can be exerted on the film by the 
thumb and finger, when the film is 
placed between them, does not move the 
film or leave a mark that remains 
noticeable after the spot is lightly 
polished. 

Note. — In cases of dispute, this test shall be 
made in a well ventilated room maintained at a 
temperature of 20 C. (70 F.) and a relative 
humidity of 65 per cent. 

Nature of Volatile Matter 
Procedure 

37. Information concerning the vola- 
tile portion of a shellac varnish may be 
obtained by distilling an accurately 
weighed 50 to lOO-ml. sample of shellac 
varnish in a 250 or 300-ml. wdde-neck 
Erlenmeyer flask, which is fitted with a 
two-hole rubber stopper to take a 
thermometer and a short bent glass tube. 
Connect this bent glass tube by means 
of rubber tubing to a 12-in. Liebig 
condenser set dowmward for distillation 
(the diameter of the inner tube of the 
condenser shall be equal to the diameter 
of the ends of the condenser and the 
diameter of the bent glass tube). Add 
a quantity of glass beads and immerse 
the flask deeply in an oil or wax bath^* 


w Fisher's bath wax is recommended. 


heated to 90 C. Gradually raise the 
temperature during the first hour to 
120 C. and continue the distillation at 
this temperature for 2 hr. A specific 
gravity determination on the distillate 
will give the approximate strength of 
the solvent. A portion of the final 
distillate may be diluted with water to 
ascertain whether solvents other than 
alcohol, such as naphtha or benzol, 
have been added. These will separate 
on dilution and the layer formed may be 
measured. 

Weight per Gallon 
Procedure 

38. Determine the specific gravity of 
shellac varnish at 20 C. by any con- 
venient method that is accurate to the 
third significant figure (Note). A con- 
venient method of determining specific 
gravity is to weigh a clean, dry 100-ml. 
volumetric flask calibrated at 20 C., fill 
to the mark with the shellac varnish at 
20 C., and again weigh. The increase 
in weight divided by the capacity of ihe 
flask in grams of water is the specific 
gravity at 20 C. The specific gravity 
multiplied by 8.33 gives the weight in 
pounds per U. S. gallon. 

Note.— T he hydrometer does not give 
reliable or accurate indication of the specific 
gravity of shellac varnish. 



Standard Methods of 
TESTING OLEORESINOUS VARNISHES^ 



A.S.T.M. Designation : D 154 - 43 
Adopted, 1924; Revised, 1925, 1928, 1938, 1943.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 154; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for testing oleoresinous varnishes. 

General Requirements for Tests 

2. {a) All tests shall be made at room 
temperature between 21 and 32 C. 
(70 and 90 F.). 

{h) All tests shall be made in diffused 
light (not in direct sunlight). 

{c) When a can of varnish has been 
opened and part of its contents has been 
used, the remainder shall immediately 
be placed in airtight containers which 
the varnish almost entirely fills, leaving 
not more than 2 per cent of air space. 

Appearance 

Procedure 

3. Some of the thoroughly mixed 
sample shall be poured into a clear glass 
bottle or test tube, 1.5 to 2.0 cm. (| to 
tI in.) in diameter to a depth of at least 
2.5 cm. The varnish shall then be 

’ Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1923 to 1924. 


examined by transmitted light and shall 
be clear and transparent. 

Color 

Color Reference Standards 

4. (a) Reference standard color solu- 
tions shall be prepared by dissolving 
1, 2, 3, 4, 5, and 6 g., respectively, of pure 
powdered potassium dichromate in 100 
ml. of pure H2SO4 (sp. gr. 1.84). Gentle 
heat may be applied, if necessary, to 
effect solution of the dichromate. 

(J) Since the potassium dichromate - 
sulfuric acid solutions must be freshly 
made for this color comparison, it is 
frequently more convenient to compare 
samples with a series of permanently 
sealed tubes of varnish which have been 
previously found to be lighter in color 
than the reference standard solutions. 

Note.— S tabilized caramel solutions or other 
permanent colored liquids may be used as 
secondary reference standards. 

Procedure 

5. The reference standard color solu- 
tions and a sample of the varnish to be 
tested shall each be poured into separate 
thin-walled glass tubes 1.5 to 2.0 cm. (f 
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to in.) in diameter to a depth of not 
less than 2.5 cm. The color comparison 
shall be made by placing the tubes 
close together and looking through 
them by transmitted light. If perma- 
nently sealed tubes of varnish are used 
for the color comparison and the sample 
of the varnish being tested is found to 
be darker than a standard tube of 
varnish, final comparison shall be made 
with freshly prepared potassium dichro- 
raate - sulfuric acid solutions. 

Report 

6. The color of the varnish shall be 
reported in terras of the reference stand- 
ard (calling the standards No. 1, No. 2, 
No. 3, etc.) which it is equal to or lighter 
than in color. 

Nonvolatile Matter 
Procedure 

7. A portion of the sample of the 
varnish shall be poured into a stoppered 
bottle or weighing pipette and weighed. 
About 1.5 g. of the sample shall be trans- 
ferred to ^ weighed, flat-bottom metal 
dish (Note) about 8 cm. in diameter 
(a friction-top can cover is satisfactory). 
The container shall be weighed again, 
and the exact weight of the portion of 
the sample transferred to the weighed 
dish shall be calculated by difference. 
The dish with its contents shall be 
heated for 3 hr. in an oven maintained 
at 105 to HOC. (221 to 230 F.). It 
shall then be weighed after cooling. 

Note. — A pyrex or similar heat-resistant 
glass Petri dish 100 mm. in diameter by 10 ram. 
in depth may be used in place of the flat-bottom 
metal dish. 

Calculation 

8. The ratio of the weight of the 
residue to that of the sample, expressed 
as a percentage, shall be taken as the 
percentage of nonvolatile matter in the 
varnish. 


Elasticity or Toughness 

9. The elasticity or toughness of the 
varnish shall be determined by propor- 
tionately reducing its elasticity or tough- 
ness by the addition of a standard solu- 
tion of Run Kauri gum in pure spirits of 
turpentine as described in method A, 
or by proportionately increasing the 
elasticity or toughness of the varnish 
by means of addition of linseed oil as 
described in method B. 

Method A. Run Kauri Reduction 

Preparation of Standard Run Kauri 

Solution 

10. (a) A distillation flask, a water- 
cooled condenser, and a tared receiver 
shall be arranged on a balance. Clear, 
bright, hard pieces of Kauri gum broken 
to the size of a pea shall be placed in the 
flask to about one third of its capacity. 
The gum shall be carefully melted and 
distilled until 25 per cent by weight is 
collected in the tared receiver. At the 
end of the distillation, the thermometer 
in the distillation flask, with the bulb 
at the level of the discharging end of the 
flask, should register, about 316 C. 
(600 F.). The residue shall be poured 
into a clean pan, and when cold it shall 
be broken into small pieces. 

(&) A quantity of the small broken 
pieces of Run Kauri, together with twice 
its weight of freshly redistilled spirits of 
turpentine, using only that portion 
distilling between 153 and 170 C. (308 
and 338 F.), shall be placed in a care- 
fully tared beaker and dissolved by 
heating to a temperature of about 149 C. 
(300 F.). It shall then be brought to 
correct weight, when cooled, by the 
addition of the amount of redistilled 
spirits of turpentine necessary to replace 
the loss by evaporation during the dis- 
solving of the gum . 
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Test Panels 

11. Test panels shall be cut from 
bright tin plate weighing not more than 
25 nor less than 19 g. per sq. dm. (0.51 
to 0.39 lb. per sq. ft.). It is important 
that the tin plate shall be within the 
limits prescribed. The panel shall be 
about 7.5 by 13 cm. (3 by 5 in.) and 
shall be thoroughly cleaned with benzol 
immediately before using. 

Note.— Commercial No. 31 gage bright tin 
plate should weigh about 0.44 lb. per sq. ft. 
It is important that the rags used in wiping 
the panels are clean. 

Procedure 

12. (a) Having carefully determined 
the nonvolatile content of the varnish 
in accordance with Sections 7 and 8, 
100 parts of the varnish by weight shall 
be taken and to it shall be added an 
amount of the standard Run Kauri 
solution equivalent to 50 per cent by 
weight of the nonvolatile matter in the 
varnish and mixed thoroughly. 

Note.— The 50 per cent standard Run Kauri 
reduction is given to illustrate the method. Any 
other percentage of standard Run Kauri 
reduction may be used, depending on what is 
required of the particular sample being tested, 
see Section 13. 

(6) The varnish shall be flowed upon 
one of the tin panels described in Sec- 
tion 11 and the panel shall be permitted 
to stand in a nearly vertical position at 
room temperature for nearly 1 hr. 
The panel shall then be placed in a 
horizontal position in a properly venti- 
lated oven and baked for 5 hr. from 
95 to 100 C. (203 to 212 F.). The panel 
shall then be removed from the oven and 
permitted to cool at room temperature 
(preferably 24 C. (75 F.)) for 15 min. 

(c) Bending the Test Panel . — The 
panel shall be placed with the varnished 
side uppermost over a 3-mm. (i-in.) 
rod, held firmly by suitable supports, 
at a point equidistant from the top and 


bottom edges of the panel and bent 
double rapidly. The varnish shall show 
no cracking whatsoever at the point of 
bending. For accurate results the bend- 
ing of the panel should always be done 
at 24 C. (75 F.), since a lowering of the 
temperature will lower the percentage of 
reduction that the varnish will stand 
without cracking, while an increase in 
temperature increases the percentage of 
reduction that the varnish will with- 
stand. 

Report 

13. (a) Varnishes which do not show 
cracks under this test shall be reported 
as passing a 50 per cent reduction, while 
those that do crack shall be reported as 
not passing a 50 per cent reduction. 

(h) The varnishes which have not 
cracked shall be tested again, changing 
the amount of reduction to 60 per cent, 
and, if they pass this percentage of 
reduction, they shall be tested with a 70 
per cent reduction. In a similar man- 
ner, varnishes which have cracked at 
50 per cent shall be tested again, using 
reductions of 40 and 30 per cent. In 
this way the limits shall be determined 
within 10 per cent at which a varnish 
passes one percentage of reduction and 
does not pass the next. For example, 
varnishes may be reported as passing 40 
per cent, and breaking at 50 per cent. 

Note.— It is suggested that a 20-g. sample 
of varnish shall be sufficient for each reduction. 
If the nonvolatile content of the varnish should 
be 48.b per cent, then 4.86 g. of standard Run 
Kauri solution should be added to the 20 g. 
of varnish and a 50 per cent reduction will 
be obtained. 

Method B. Addition of Linseed Oil 

Scope 

14. This method is applicable to 
varnishes which are less elastic or 
tougher than zero Kauri reduction. It 
is identical with that described in 
method A except that the 33| per cent 


1010 


Tests tor Oleoresinous Varnishes (D 154 - 43) 


solution of Run Kauri in turpentine is 
replaced by a 66| per cent solution of 
heat bodied linseed oil for proportion- 
ately increasing the elasticity of the 
varnish under test. 

Preparation of Standard Bodied Oil 

Solution 

15. (a) A high grade of alkali-refined 
linseed oil having an acid number less 
than 1.0 shall be heated in an open kettle 
at a temperature of 300 ±5 0. until the 
viscosity of the oil after cooling shall be 
between 6 and 10 poises at 25 C. (77 F.). 

(6) A quantity of the heat bodied 
linseed oil shall be standardized by 
reducing it with one-half its weight of 
pure redistilled turpentine, using only 
that portion of turpentine distilling 
between 153 and 170 C. (308 and 338 F.). 

Procedure 

16. The addition of the standard 
bodied oil solution to the varnish and 
the flowing on, baking, and bending of 
the test panel shall be performed 
exactly as described in Sections 12 and 
13. 

Report 

17. In reporting results, the minimum 
percentage of the oil solution that must 
be added to the varnish, based on its 
nonvolatile content, so that the final 
mixture when flowed on a test panel and 
baked does not crack on the subsequent 
bending over a 3-mm. rod shall be 
reported. 

Flash Point 

Procedure 

18. The flash point shall be deter- 
mined in accordance with the Standard 
Method of Test for Flash Point by 
Means of the Tag Closed Tester 
(A.S.T.M. Designation: D 56) of the 
American Society for Testing Mate- 
rials.® 

3 Appears in this puLlication. see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Viscosity 

Procedure 

19. Viscosity shall be determined by 
comparison at 25 C. (77 F.) wdth sec- 
ondary standards whose viscosity ex- 
pressed in poises has been accurately 
determined at that temperature. 

Note. — G ardner bubble viscosimeter tubes^ 
may be used. 

Water Test 

Procedure 

20. The varnish shall be poured on 
one of the tin panels described in Sec- 
tion 11, and allowed to drain in a nearly 
vertical position and dry for 48 hr. 
The panel shall then be placed in a 
beaker containing about 7 cm. (2,5 in.) 
of distilled water at room temperature, 
immersing the end of the panel which 
was uppermost during the drying, and 
allowed to remain in the water for 18 
hr. The panel shall then be removed 
from the water, wiped carefully, and 
allowed to dry out at room temperature. 
The time required for whitening, if any, 
to disappear, shall be noted. Blooming, 
which sometimes occurs on immersion, 
is considered as a degree of whitening. 

Report 

21. The results of the water test shall 
be reported as follows : 

(a) Not visibly affected, 

(b) Whitening disappears within 20 
min., 

(c) Whitening does not disappear in 
20 min., but does disappear within 2 hr., 

(d) Whitening does not disappear 
within 2 hr., but does disappear within 
24 hr., and 

(e) Whitening does not disappear 
within 24 hr. 


* “Physical and Chemical Examination of Paints, 
Varnishes, Lacquers, and Colors,” National Paint, Var- 
nish, and Lacquer Assn., Ninth edition, p. 216 (1939). 
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Skinning Test of Varnish in Closed 
Containers 

Container 

22. An 8-oz. wide mouth glass Jar 4-| 
in. in height and 2 in. in diameter shall 
be used as the container.® 

Procedure 

23. A 6-oz. sample of the varnish shall 
be measured into the glass jar container 
by means of a graduate. The cover shall 
be screwed on tightly, and the jar in- 
verted momentarily. The jar shall then 
be placed in an upright position in the 
dark (placing it under a box or in a 
drawer is satisfactory) and the varnish 
shall be examined for skinning at speci- 
fied time intervals. 

Alkali Resistance Test 
Procedure 

24. A 1 by 6-in. test tube shall be 
thoroughly cleaned in benzol. The tube 
shall then be dipped into the sample of 
varnish and the mouth of the tube in- 
verted downward immediately and the 
varnish allowed to dry for 48 hr. in an 
atmosphere free from dust, drafts, 
products of combustion, or laboratory 
fumes. The temperature of the room 
during tlie drying period shall be 65 to 
78 F. (19 to 25 C.). The varnish- 
coated tube shall then be suspended in 
a solution of sodium hydroxide (3 per 
cent) maintained at 70 ± 2 F. (21 db 
1.1 C.). The tube shall be removed 
after desired periods of time, such as 8, 
16, 24, and 48 hr., and the varnish 
examined for whitening, blistering, or 
removal. Before making the examina- 
tion, the varnished tube shall be rinsed 
under a gentle stream of water and 
allowed to air dry for 30 min. 

S Jar No. 5107 C. T. with 12S P. and 0. Cap, of the 
Hazel-Atlas Glass Co., Wheeling, W, Va., has been found 
suitable. 


Acid Number 

a 

Solutions Required 

25. (a) Alcohalic Oxalic Acid Solution 
{0.1 N ). — Dissolve 6,3 g. of c.p. oxalic 
acid (H 2 C 204 -H 20 ) in sufficient 95 per 
cent ethyl alcohol to make a liter. 

(Z») Alcoholic Potassium Hydroxide {0.1 
N ). — Dissolve approximately 6.6 g. of 
c.p. alcohol-refined potassium hydroxide 
(85.86 per cent KOH) in suflicient 95 per 
cent ethyl alcohol to make a liter, and 
standardize in the usual manner. 

(c) Neutral Solvent Mixture . — Mix 75 
per cent of ethyl alcohol (95 per cent) 
and 25 per cent of c.p, benzene (benzol, 
CcHb). 

{d) Phenolphthalein Indicator. — Dis- 
solve 10 g. of phenolphthalein indicator 
in 1 liter of ethyl alcohol (95 per cent). 
Use 1 ml. for titration. 

Procedure 

■ 26, {a) A 3 to 5-g. sample of the var- 
nish shall be weighed into a 500-mL 
glass-stoppered Erlenmeyer flask, 75 
ml, of the solvent mixture added and 
warmed slightly to aid solution. A 
definite accurately measured quantity 
(10 to 25 ml.) of the standard 0.1 N 
oxalic acid solution shall then be added. 
The mixture shall be refluxed on a hot 
plate (using a reflux condenser) for 
about 1 hr., or until the soaps present 
have been decomposed. The solution 
shall then be removed and titrated while 
hot with the standard 0.1 iV potassium 
hydroxide solution using phenolphtha- 
lein indicator. As the end point is ap- 
proached, very vigorous shaking will be 
required. Titrating while hot increases 
the speed of titration and results in a 
sharper end point, A pink coloration 
which persists for several minutes shall 
be taken as the end point. 

(b) A blank containing the same 
quantity of the standard 0.1 N oxalic 
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acid solution should be run using the 
same procedure ias for the sample. 

Calculation 

27. The acid number is the weight in 
milligrams of potassium hydroxide re- 
quired to neutralize a 1-g. sample of the 
varnish, calculated as follows: 

Acid number = ~ ~ 
w 


where; 

a — milliliters of potassium hydrox- 
ide required for the sample, 
b = milliliters of potassium hydrox- 
ide required for the blank, 
c = milligrams of potassium hydrox- 
ide per milliliter (value of 
standard potassium hydroxide 
solution), and 

' = weight of the sample in grams. 
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Standard Method oj Test for 
REACTIVITY OF PAINT LIQUIDS- 



A.S.T.M. Designation: D 479 - 40 
Adopted, 1940 " 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 479; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the reactivity between paint 
liquids and zinc oxide. 

Apparatus 

2. The apparatus shall consist of the 
following; 

(а) Balance. — Balance or scale sensi- 
tive to 1 g. 

(б) Containers. — Friction-top cans. 

(c) Spatulas. — Spatulas or suitable 
paddles. 

(d) T hermometer. — Thermometer grad- 
uated from 0 to 100 C. and accurate 
to 0.5 C. 

{e) Paint Mixing Equipment (Op- 
tional). — Laboratory paint mixer or 
stirrer. 

(/) Consistency Measuring Apparatus 
(Optional) . — Mobilometer, viscosimeter, 
plastometer, or viscosity cup. 

Materials 

3. The following materials will be 
required: 

* Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1938 to 1910. 


(a) Paint Liquid. — Varnishes, resin 
solutions, or other liquids used in the 
manufacture of paints, enamels, and 
lacquers are considered as paint liquids. 
If the viscosity of the liquid to be tested 
is such that dilution is necessary, the 
liquid reduced in a manner mutually 
agreed upon by the purchaser and the 
seller shall be used in the test. ' 

(5) Zinc Oxide. — K standard Green 
Seal zinc oxide or other zinc oxide mu- 
tually agreed upon by the purchaser and 
the seller. 

Procedure 

4. The zinc oxide and paint liquid in 
a ratio of 35 to 65 by weight, respec- 
tively, shall be mixed to a uniform paint. 
Usually 210 g. of zinc oxide and 390 g. 
of paint liquid are ample. The zinc 
oxide and paint liquid shall be mixed by 
alternately adding portions of the pig- 
ment and liquid. The additions shall be 
regulated so that a fairly stiff paste is 
produced. After all the pigment and 
sufficient liquid have been added to pro- 
duce a paste, the paste shall be reduced 
to a paint by gradually working in the 
remainder of the liquid. The total niix- 
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ing operation shall not take longer than 
30 min. The mixing may be done in a 
suitable container by hand with a stiff 
spatula or a paddle, or with a suitable 
mechanical mixer. The temperature of 
the paint shall then be brought to 25 
± 0.5 C. and its consistency determined 
by a method mutually agreed upon by 
the purchaser and the seller, which may 
include visual inspection with a spatula, 
or any of the usual instruments such as 
the Gardner mobilometer or the Stormer 
viscosimeter. Limits for the consistency 
of the fresh paint shall be agreed upon 
by the purchaser and the seller. The 
paint shall then be transferred to a 
friction-top can and stored under normal 
room conditions. The can shall be 
filled to within at least i in. of the top 
and the lid tightly inserted. After 24- 
hr. storage and again after 5-day storage 
(Note) the paint shall be thoroughly 
mixed, brought to 25 ± 0.5 C. and the 
consistency determined, using the same 
procedure as used in determining the 
consistency of the fresh paint. 

Note. — Preliminary indications of the re- 
activity of the liquid are obtained after 24-hr. 
storage, but final decision should be made 


following the consistency determination after 
the 5-day storage. By mutual agreement 
between the purchaser and the seller, any 
specific period of storage may be used. 

Grading 

5. The paint liquid shall be graded as 
nonreactive, slightly reactive, moder- 
ately reactive, or reactive, in accordance 
with the following: 

(a) Nonreactive . — If the consistency 
of the aged paint is the same or less than 
that of the fresh paint, the liquid shall 
be graded as nonreactive. 

{b) Slightly Reactive . — If on aging the 
consistency increases slightly but not 
sufficiently to be of practical significance, 
the liquid shall be graded as slightly 
reactive. 

(c) Moderately Reactive . — If on aging 
the consistency definitely increases but 
the product would still be usable, the 
liquid shall be graded as moderately 
reactive. 

{d) Reactive . — If on aging the paint 
bodies objectionably, livers, or gells, the 
liquid shall be graded as reactive. The 
purchaser and the seller shall agree on 
the maximum increase in consistency 
that will be permissible. 



Standard Methods of 
TESTING LIQUID DRIERS' 



A.S.T.M. Designation: D 564 - 43 
Adopted, 1943.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 564; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the test 
procedures to be applied to liquid 
driers for use in paints and varnishes. 

Conditioning 

2. The driers shall be held at a tem- 

perature between 70 and 80 F. (21 and 
27 C.) for at least 18 hr, prior to ex- 
amination, 4 

Physical Tests 

Appearance 

3. Examine the sample and note any 
separation, either of sediment or of 
suspended matter. 

Sediment or Suspended Matter 

4. Weigh a sample of convenient size, 
approximately 1 to 5 g. Filter through 
a Gooch crucible prepared in the usual 
manner, wash with turpentine, and dry 
at 49 C. to constant weight. 

* Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products 

2 Prior to adoption as standard, these methods were 
published as tentative from 1940 to 1943, being revised in 
1941 and 1943. 


Color 

5. Determine the color of the sample 
as received. Then add 1 volume of the 
sample to 9 volumes of raw linseed oil 
and determine the color. Determine 
the color by comparison with one of the 
following reference color standards: 
potassium dichromate - sulfuric acid, 
Gardner-Holdt, or Hellige-Klett. 

Nonvolatile Matter 

6, Weigh by difference 1.5 g. of the 
sample into the cover from a friction- top 
can. Heat at 105 to 110 C. for 3 hr., 
cool, and weigh. 

Miscibility with Oil 

7. Mix 1 volume of the sample with 
19 volumes of raw linseed oil. Record 
any signs of separation or clouding. 
Then observe the mixture at 1-hr, 
intervals for 3 hr., and again after 
24 hr. 

Note. — ^In the case of disagreement between 
the seller and the purchaser, the test for misci- 
bility with oil shall be made at 25 ± 1 C. 

Drying Power 

8, Blend 1 volume of the sample 
with 9 volumes of raw linseed oil, and 
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flow on a dean glass plate. Place the 
plate in a vertical position in air at 
20 to 30 C. and a relative humidity 
of 40 to 60 per cent. Record the time 
required for the film to set to touch, which 
is the time when the oil does not stick to 
the finger or the surface is not marred 
when the finger is lightly drawn across it. 

Chemical Analysis 
Lead 

Procedure 

9. Weigh by difference (using a drop- 
ping bottle) about 5 g, of the sample 
into a 400-ml. beaker with cover (or 
use a homeopathic vial of the size of a 
Gardner-Holdt tube in which to weigh 
the sample and transfer it to the 
beaker). Heat on a hot plate until the 
solvent is removed. Add about 5 ml. 
of HNO^ (sp. gr. 1.42) and 40 to 50 ml. 
of H 2 SO 4 Evaporate to dense 

white fumes of SO 3 and continue the 
evaporation until about 5 ml. of acid 
remain. If the solution turns dark, 
add very carefully, by means of a 
dropping bottle, a few drops of HNO 3 
(sp. gr. 1.42). Repeat this process until 
the solution remains clear after evapora- 
tion to white fumes. Allow to cool, 
then add carefully a few milliliters of 
H 2 O 2 (30 per cent). Boil for 1 min., 
cool, add carefully about 100 ml. of 
distilled water, and put the solution on a 
hot plate for a few minutes to allow 
crystals to coagulate. Filter through a 
Gooch crucible, previously prepared and 
heated to constant weight. Wash with 
Ii 2 S 04 (0.5 per cent), then with a little 
alcohol. Place the crucible in a muffle 
furnace and heat for IS min. at a dull 
red heat (not over 600 C.), cool, and 
weigh as PbS 04 . Calculate the per- 
centage of lead as follows: 


Manganese 

Reagents 

10. (a) Standard Vanadyl Sulfate.— 
Dissolve 12 g. of ammonium meta- 
vanadate (chloride-free) in 400 ml. of 
'hot water. Add 10 g. of NaHSOs 
followed by 20 ml. of H 2 SO 4 (sp. gr. 
1.84). A clear blue solution should 
result. If a precipitate forms, digest 
until dissolved. Concentrate by brisk 
boiling to remove the last traces of 
excess SO 2 , cool, and dilute to 1 liter. 
Standardize against 0.1 N KMn 04 as 
follows: In the standardization it is 
preferable to measure the permanganate 
into a 500-ml. flask, dilute to 300 ml. 
with water, and acidify with 7.5 ml. 
each of H 2 SO 4 (sp. gr. 1.84) and FI 3 PO 4 
(85 per cent). Titrate rapidly with the 
vanadium solution until the perman- 
ganate color changes to a faint pink 
color. Continue the titration drop by 
drop, allowing about 10 sec. between 
drops, until a clear yellow develops. 
Reserve the solution for use as a ref- 
erence color standard, because many 
shades of yellow are possible and there- 
fore a reference standard should always 
be used. Reduction of the measured 
permanganate followed by reoxidation 
according to the procedure does not 
yield a sufficiently permanent end point 
to serve as a color reference, because of 
slow reoxidation of manganese due to the 
presence of silver and persulfate. The 
standard vanadium solution is quite 
stable toward light and air. 

(6) Standard Potassium Permanga- 
nate (0.1 N ). — Dissolve 3.25 g. of 
ElMn 04 in 1000 ml. of w^ater. Stand- 
ardize against the National Bureau of 
Standards’ standard sample AOc of 
sodium oxalate. 

Procedure 


Lead, per cent = 


wt. of PbS 04 X 0.683 
wt. of sample 


X IOC 


11. (a) Weigh 10 g. of the sample into 
a 200-ml. tail-form beaker. Bleat the 
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sample to a temperature just high enough 
to evaporate most of the volatile thinner, 
avoiding temperatures above 200 C., 
before proceeding with the double de- 
composition described in Paragraphs 

(b) and (c). 

(b) Add 100 ml. of HCl (1:4) and 5 g. 
of beeswax, then warm just below the 
boiling point, while stirring occasionally 
to aid double decomposition. The re- 
action starts immediately, but about 
1 hr. is usually required to completely 
liberate the fatty acids or whatever 
other organic acid may have been used 
in preparing the drier. The liberated 
acids rise to the surface as a clear 
yellow oily layer, while undecomposed 
particles settle to the bottom. The 
wax serves to absorb the liberated 
organic acids, and the mixture, upon 
cooling, solidifies and thereby enables 
separation by filtration. When decom- 
position is complete, thorough agitation 
is advisable so that all of the more or 
less emulsified organic acids may be 
extracted by the molten wax. Cool to 
room temperature, remove the solidified 
wax, and wash wdth a stream of water. 
Filter off the remaining particles of 
wax and wash to dissolve lead chloride 
(if much lead was origuially present) 
and other drier metals. Make the 
filtrate distinctly ammoniacal, and pre- 
cipitate the metals with colorless ammo- 
nium monosulfide. Digest to coagulate 
the insoluble sulfides, filter, and wash 
with diluted colorless ammonium mono- 
sulfide. Reserve the filtrate for a cal- 
cium determination, if desired, and 
reserve the sulfide precipitate for deter- 
mining the other metals. 

(c) Transfer the filter paper from the 
above separation, containing the sulfide 
precipitate, to a 250-ml. beaker, and 
add 10 ml. of HNOs (sp. gr. 1.42) and 
5 ml. of Ii2S04 (sp. gr. 1.84). Cover the 
beaker and slowly evaporate to fumes. 
Usually this treatment is sufficient to 


oxidize the organic matter, but if 
charring occurs after strong fuming, 
add a few milliliters more of HNO3 and 
again evaporate to fumes. Wash the 
cover and sides of the beaker with water 
and evaporate to fumes. Repeat to 
insure complete removal of HNO3. Add 
100 ml. of water, and digest on a hot 
plate to insure complete solution of the 
anhydrous sulfates of other metals 
that may be present. Let stand at room 
temperature several hours. Filter, 
and use the filtrate for the determination 
of manganese as described in either 
method A ox B (Paragraph (d) or {e)). 

(d) Method A . — To the filtrate, add 
7.5 ml. of H3PO4 (85 per cent), and 
dilute to about 150 ml. Add 10 ml. of 
0.1 iV AgNOa for each 0.05 g. of man- 
ganese present, and 3 g. of ammonium 
persulfate dissolved in about IS ml. of 
water. Heat to just below the boiling 
point until a permanganate color fully 
develops. During the heating, various 
color changes may be observed: pale 
pink, brown, red, and permanganate 
color. If a brown precipitate is formed 
that does not clear by the time the 
boiling point is reached, too much 
manganese is present; if the color does 
not change beyond red, too much acid 
is present. If the brown precipitate 
forms, reduce the solution with H2SO3, 
dilute to volume, and aliquot; if the 
red color does not change to perman- 
ganate color, repeat the test using 
another sample. It should be remem- 
bered that 5 per cent of H2SO4 and 
5 per cent of H3PO4 should not be 
exceeded. It should also be remembered 
that prolonged heating may destroy all 
the excess persulfate and thereby cause 
low results. Remove the solution from 
the heat source just as soon as the 
permanganate color fully develops, add 
150 ml, of water, cool below 20 C., 
and titrate with the vanadium solution, 
as described for standardization (Section 
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10 (a)), to the same yellow color as 
obtained in the standardization. 

(e) Method B {Alternative). — Cool the 
filtrate in iced water until the tem- 
perature of the solution reaches 15 C. 
or slightly less. Now add about 2 g. of 
sodium bismuthate, allowing the beaker 
and contents to remain in the iced water 
for at least 10 min. Add 50 ml. of 
diluted HNOs (3:97), filter through an 
asbestos pad, and wash the residue 
with cool diluted HNO3 (3:97) until 
free of permanganic acid. Add enough 
standard FeS04 solution to reduce aU 
of the permanganic acid and to require 
approximately 10 ml. of KMn04 in 
the back-titration. Stir thoroughly 
until the permanganic acid is decolorized. 
Titrate at once with 0.1 N KMnOi 
(Section 10 (6)) to the usual end point. 

Carry a blank determination through 
all steps of the procedure, add the same 
amount of FeSOi as used for the sample, 
and titrate with KMn04. The differ- 
ence between the titrations of the sample 
and blank represents the KMn04 equiva- 
lent of the permanganic acid formed in 
the test. From the manganese titer of 
the KMn04 solution, calculate the 
amount of manganese present. 

Cohalt {Gravimetric Method) 
Reagent 

12. Nitroso-^-Naphthol Solution . — 
Dissolve 2 g. of nitroso-j3-naphthoP 
in 50 ml. of hot glacial acetic acid. 
Add 50 ml. of hot water and filter. 

Note. — This reagent will not precipitate 
nickel or manganese. 

Procedure 

13. (a) Weigh by difference (using 
a dropping bottle) 5 g. of the sample 
into a large crucible. Ash in the usual 
manner. After complete ashing, add 5 
to 10 g. of potassium pyrosulfate 
(K2S2O7) and heat until bubbling ceases, 

_ » Merck’s reagent quality, approved for cobalt deter- 
mination, has been found satisfactory for this purpose. 


then with the full flame of the burner. 
When the molten mass attains a cherry- 
red heat, swirl the crucible gently, by 
means of crucible tongs, until the con- 
tents are completely fused and homo- 
geneous. 

{b) Cool the crucible to room tem- 
perature and extract the fused mass 
with 50 to 100 ml. of hot diluted H2SO4 
(1 : 99). Filter through a fine filter paper 
to remove insoluble sulfates, carbon, 
etc., and dilute to 500 ml. in a volu- 
metric flask. 

{c) To an aliquot containing approxi- 
mately 50 mg. of metallic cobalt, add 10 
drops of hydrogen peroxide (30 per cent), 
1 or 2 drops of phenolphthalein indi- 
cator, and then enough 0.5 N NaOH 
to precipitate the cobalt completely and 
show an alkaline reaction with the in- 
dicator present. Add 20 ml. of glacial 
acetic acid, and heat gently; then add 
1 or 2 drops of hydrogen peroxide (30 
per cent), and continue heating until 
the precipitate of Co(OH)3 is dissolved. 
Filter at this point, even though no 
insoluble matter is apparent. Dilute 
to 200 to 250 ml. with water, heat to 
gentle boiling, and add 15 ml. of a 
freshly prepared, hot solution of nitroso- 
/3-naphthol. Stir until the precipitate 
coagulates, and allow to stand for 2 hr. 
at 60 C. Filter through paper, prefer- 
ably supported by a platinum cone, and 
wash with hot diluted HCi (1:19), 
followed by hot water to wash out the 
free acid. Apply gentle suction, and 
suck as dry as possible. Carefully ash 
in a tared porcelain crucible. Ignite 
for 1 hr. at 750 to 850 C., cool, and 
weigh as C03O4. 


Cobalt, per cent = 


wt. of C 03 O 4 X 73.42 
wt. of sample 


Cohalt {Electrolytic Method) 

Apparatus 

14. The apparatus shall consist of 
suitable equipment for electrolytic anal- 
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ysis, of the tjpe commercially avail- 
able.^ 

Procedure 

15. (a) Weigh 10 g. of the sample 
into a 200-ml. beaker. Heat the sample 
to a temperature just high enough to 
evaporate most of the volatile thinner, 
avoiding temperatures above 200 C. 

( 6 ) Add 100 ml. of H 2 SO 4 (1:9) and 
5 g. of beeswax, then warm just below 
the boiling point, while stirring oc- 
casionall}'' to aid double decomposition. 
The reaction starts immediately, but 
about 1 hr. is usually required to com- 
pletely liberate the fatty acids or what- 
ever other organic acid may have been 
used in preparing the drier. Cool, 
filter, and wash 5 times with cool diluted 
H 2 SO 4 (5 per cent). Dry and ash the 
beeswax and examine it for cobalt. 
Evaporate the filtrate to fumes. Oxidize 
the small amount of organic matter still 
retained by the solution by adding a 
few milliliters of HNO 3 (sp. gr. 1.42) 
and again evaporating to fumes. If 
charring occurs after strong fuming, 
repeat the fuming with HNO 3 . Add an 
equal volume of water and again evapo- 
rate to fumes. Repeat to insure com- 
plete removal of HNO 3 . Dilute to 
about 150 ml. and warm to dissolve the 
anhydrous cobalt sulfate. Add 2 g. 
of sodium bisulfite, 60 ml. of NH 4 OH, 
and about 0.5 ml. of hydrogen peroxide 
(30 per cent), and stir until solution is 
complete. Dilute to 225 ml. with water; 
then plate out the cobalt on a tared 
platinum electrode, using a current of 
0.3 amp. per sq. dm. When the electro- 
lyte becomes colorless, transfer about 
0.5 ml. to a small porcelain crucible, 
add a few crystals of phenylthiohydan- 

* A type of apparatus which has been found suitable 
is that shown in the catalog of the Will Corporation, and 
known as the “Braun Series Circuit Electrolytic Appara- 
tus," using platinum anodes and cathodes- The platinum 
electrodes are available from any of the usual sources and 
are of designated areas. A rotating cathode can be used, 
but its only advantage is one of speed. A suitable appa- 
ratus can be set up using a storage battery, a rheostat, an 
anameter, and a binding post to hold the electrodes. 


toic acid, and evaporate. If a pink 
color develops before dryness is reached, 
cobalt is indicated. Continue the elec- 
trolysis for 30 min. and repeat the test. 
When no pink color develops upon 
evaporating the test portion to dryness, 
the electrolysis is finished. Remove the 
electrode, wash thoroughly with a stream 
of water, then dip into fresh alcohol, 
dry, and weigh. The increase in weight 
is due to cobalt, nickel, sulfur, and zinc 
if present (Note). 

Note. — Nickel maj'’ be disregarded unless it 
is known to be present in appreciable amounts. 
The extremely small amount present in the 
cobalt used for preparing the drier may be dis- 
regarded. Sulfur is always deposited whenever 
sulfite is added to the electrolyte, but it need not 
be determined because it has been experimentally 
found that when using the current specified 
above, 0.0030 g. of sulfur is deposited for every 
gram of metal plated out. This amount is 
independent of reasonable sulfite concentration, 
but does increase as the current density increases. 
If the sulfite is not added, approximately a 
corresponding amount of ox 5 ’^gen (presumably) 
is deposited and complete deposition of cobalt is 
considerably prolonged. Since some driers con- 
tain zinc, it is good practice, unless zinc is 
known to be absent, to test the cobalt deposit 
as follows: Dissolve the deposit with diluted 
HNOa (1:1), add 5 ml. of diluted H. 2 SO 4 (1:1), 
and evaporate to fumes. Add an equal volume 
of water and again evaporate to fumes. Repeat 
to insure complete removal of HNO3. Add 50 
ml. of water and warm to dissolve the anhydrous 
cobalt sulfate. Cool to at least room tempera- 
ture. Add methyl red indicator, then NH 4 OH 
(1:3) drop by drop until the indicator just 
turns yellow. Back-titrate with 1 iV HaS 04 to 
the red color, then add 1 ml. in excess. Pass 
HiS into the solution, and gradually dilute to 
100 ml. with water. A white precipitate indi- 
cates zinc. If present, add about 5 ml. of 
gelatin solution (0.02 per cent), stir well, and let 
stand at least 1 hr. Filter, and wash with cool 
water. Ash at a temperature below 800 C. 
to constant weight. The zinc oxide thus ob- 
tained may be contaminated with cobalt. The 
amount of contamination can then be determined 
colorimetrically by dissolving the zinc oxide 
with a measured amount of HCl (sp. gr. 1.19) 
and comparing the blue color with that obtained 
by adding known amounts of cobalt to the same 
volume of HCl. 
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Zinc 

Reagent 

16. Standard Potassium Ferrocyanide 
Solution.— BissoWe 40 g. of K4Fe(CN)6 
in distilled water and dilute to 1 liter. 
Allow the solution to stand for about a 
month before using. Standardize 
against pure zinc in the same manner as 
directed for the determination of zinc in 
liquid driers (Section 17), using approxi- 
mately 0.2 g. of zinc for a titration. 

Procedure 

17. (a) Weigh accurately 10 to 15 g. 
of the sample into a 250-ml. Erlenmeyer 
flask. Dilute to a volume of 50 to 70 ml. 
with petroleum spirits and shake vigor- 
ously with 15 ml. of HCl (sp. gr. 1.19) 
and 30 ml. of distilled water. Pour the 
contents of the flask into a 500-ml. 
separatory funnel and drain the lower 
aqueous layer into a beaker. Repeat 
the above extractions twice, using half 
the amount of acid and water. Finally 
wash with 30 ml, of water, collecting 
the lower layers in a beaker. Dilute the 
combined aqueous layers to 500 ml. in a 
volumetric flask. 

(5) Pipette accurately 50 ml. of the 
acid solution into a beaker, dilute with 
50 ml. of water, make slightly alkaline 
with NH4OH, and then add exactly 
3 ml. of HCl (sp. gr. 1.19). Heat to 
about 80 C. and titrate with standard 
K4Fe(CN)G, using uranium nitrate solu- 
tion (10 per cent) as an external indica- 
tor. The desired end point is a brown 
tinge obtained by adding a drop of the 
titrated solution to a drop of the indi- 
cator on a white glazed tile. 

Iron 

Reagents 

18. (fl) Siannons Chloride Solution .; — 
Dissolve 50 g. of SnCh *21120 in 100 ml. 


of PICl (sp. gr. 1.19) and dilute to 1000 
ml. Keep a few pieces of metallic tin 
in the bottle. 

(&) Reinhardt Solution. — Dissolve 200 g. 
of MnS04*4H20 in 1 liter of water and 
add to a cooled mixture of the following: 
400 ml. of H2SO4, (sp. gr. 1.84), 1200 ml. 
of water, and 400 ml. of H3PO4 (85 
per cent). 


19. Weigh 10 g. of the sample into a 
200-ml. tail-form beaker, and add 100 
ml. of HCl (1:4). Heat the mixture to 
just below the boiling point for 1 hr,, 
occasionally stirring vigorously during 
this time. By this time most, if not all, 
of the iron has been extracted. Add 
5 g. of beeswax, stir well until the wax 
melts, and cool somewhat below the 
solidification point of the wax. Break 
up the solidified wax and filter through 
paper, catching the filtrate in a 250-ml. 
volumetric flask. Wash moderately 
with cool water. Dry the wax and paper, 
then carefully ash in a porcelain crucible. 
Dissolve the ash by warming with HCl 
(sp. gr. 1.19) and wash into the main 
portion. Dilute the solution to 250 ml, 
and transfer a 50-ml. aliquot to a 150-ml. 
beaker. Concentrate the 50-ml. por- 
tion to about 25 ml, and, while still hot, 
add stannous chloride solution drop by 
drop until colorless, then one drop in 
excess. Cool to room temperature and 
add at once 10 ml. of saturated HgCh 
solution. Let stand 15 min., stirring 
occasionally during this time. Wash 
into a large casserole. Add 25 ml. of 
Reinhardt solution and dilute with cool 
water to about 500 ml. Titrate with 
0.1 N KMnOi to the same shade of pink 
as obtained in a blank test made on the 
reagent. One milliliter of 0.1 N KMn04 
is equivalent to 0.005584 g. of iron. 


Procedure 



Standard Method of Test for 
ACID NUMBER OF ROSIN^ 



A.S.T.M. Designation: D 465 - 42 
Adoi’xed, 1942.=* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 465; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the acid number of rosin. 


alcohol solution with a caustic soda 
solution. 

Procedure 


Note. — Due to difficulty in observing the 
end point in the titration, because of the dark 
color of the solution, this method using an in- 
ternal indicator is not recommended for use 
with rosins of grades darker than G, that is, of. 
grades D, E, F, and FF. 

Special Solutions Required 

2. (a) Sodium Hydroxide Solution {0.5 
N). — Accurately standardize a 0.5 N 
NaOH solution. 

(b) Ethyl Alcohol. — Ninety-five per 
cent neutral ethyl alcohol, or neutral 
specially denatured alcohol (formula 
No. 30). 

(c) Phenolphthalein Solution. — Dis- 
solve 1 g. of phenolphthalein in 100 ml. 
of 95 per cent specially denatured alco- 
hol, and neutralize the slightly acid 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-]7 on Naval Stores. 

2 Prior to adoption as standard, this method was 
published as tentative from 1937 to 1942, being revised in 
1942. 


3. In a 250-ml. Erlenmeyer flask® of 
heat-resistant glass, dissolve 1.95 to 2.05 
± 0.001 g. of the sample® of rosin in 50 
ml. of neutral alcohol. Heat to dis- 
solve the rosin and titrate the hot so- 
lution with standard 0.5 N NaOH 
solution using 1 ml. of phenolphthalein 
solution as indicator. The standard 
0.5 N NaOH solution should be added 
as rapidly as possible, preferably with 
a wide-open burette until the end point 
is approached, and then by rapid drop- 
ping until the end point is reached.® 


* The flasks should be either new or cleaned by rinsing 
with a hot solution of hydrofluoric acid (2 to 3 per cent) . 
This removes from tlm flasks the adhering partially disin- 
tegrated silicates which would interfere with the de- 
termination. This treatment of flasks is not as important 
for determination of acid number as for determination of 
saponification number; however, it should be a good pre- 
cautionary measure, 

* Pyrex glass is very satisfactory for this purpose. 

* It is desirable to stay within rather narrow limits as 
to size of sample, in order not to introduce too large varia- 
tions in the relative concentrations of rosin, alcohol, and 
alkali solutions. 

* Rapid titration is desirable to prevent any saponifica- 
tion of neutral constituents which slow titration might 
entail. 
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Calculation 

4. The add number, expressed in 
milligrams of KOH per gram, shall be 
calculated from the following formula: 


, ml of NaOH XNX 564 

Acid number = ; — 

wt. of sample m grams 

where N = the normality of the NaOH 
solution used. 



Standard Method of Test for 
SAPONIFICATION NUMBER OF ROSIN' 



A.S.T.M. Designation: D 464 - 42 

Adopted, 1942.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 464; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the saponification number 
of rosin. 

Note. — Due 'to difficulty in observing the 
end point in the titration, because of the dark 
color of the solution, this method using an in- 
ternal indicator is not recommended for use 
with rosins of grades darker than G, tliat is, of 
grades D, E, F, and FF. 

Special Solutions Required 

2. (a) Hydrochloric Acid Solution {0.5 
N). — Accurately standardize a 0.5 N 
HCl solution. 

(&) Alcoholic Potassium Hydroxide 
Solution. — Dissolve 40 g. of c. p. KOH in 
1 liter of 95 per cent redistilled specially 
denatured alcohol (formula No. 30). 
The alcohol shall be redistilled from 
K.OH over which it has been standing for 
some time, or with which it has been 
boiled for some time, under a reflux con- 
denser. The solution must be clear. If 
it contains insoluble matter, it shall be 

1 Under tlie standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-17 on Naval Stores. 

2 Prior to adoption as standard, this method was 
published as tentative from 1937 to 1942, being revised 
in 1942. 


either decanted after settling overnight 
or filtered. 

(d) Phenolphthalein Solution. — Dis- 
solve 1 g. of phenolphthalein in 100 ml. 
of 95 per cent specially denatured alcohol 
(formula No. 30), and neutralize the 
slightly acid alcohol solution with NaOH 
solution. 

Procedure 

3. {a) Weigh 2.45 to 2.55 ± 0.001 g. 
of the sample® of rosin into a 2S0-ml. Er- 
lenmeyer flask^ of heat-resistant glass.® 
Dissolve the sample in 25 ml. of alcohol 
(formula No. 30) and into it pipette® 25 
ml. of the alcoholic KOH solution, allow- 
ing the pipette to drain for a definite 
time. Connect the flask preferably to a 
water condenser or to an air condenser 
made from glass tubing 5 mm. in inside 
diameter, having a minimum length of 

’ It is desirable to stay within rather narrow limits as 
to size of sample, in order not to introduce too large varia- 
tions in the relative concentrations of rosin, alcohol, and 
alkali solutions. 

* The flasks should be either new or cleaned by rinsing 
with a hot solution of hydrofluoric acid (2 to 3 per cent) . 
This removes from the flasks the adhering partially disin- 
tegrated silicates which would interfere with the de- 
termination. 

‘ Pyrex glass is very satisfactory for this purpose. 

<• The use of a Lowy automatic pipette is recommended. 
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32 in. Place on a hot hot-plate and boil 
the solution gently for exactly 1 hr., 
taking the starting time at the point of 
incipient boiling. Cool and without 
washing down the condenser titrate im- 
mediately with 0.5 iV hydrochloric acid 
solution using 1 ml. of phenolphthalein 
indicator. 

{h) Conduct two or three blank deter- 
minations on 25-ml. portions of alcohol 
(formula No. 30) with 25-ml. portions 
of the alcoholic KOH solution, using the 
same pipette and draining for the same 
length of time as above. 


Calculation 

4. The saponification number shall be 
calculated from the following formula: 

. , {B~S)XNX 56.1 

Saponification number = 

w 

where: 

B — milliliters of HCl for titration of 
blank, 

5 = milliliters of HCl for titration of 
sample, 

N — normality of standard HCl solu- 
tion used in titration, and 

W = weight of sample in grams. 



APPROVED AS 
AMERICAN STANDARD 

BY THE AMERICAN STANDARDS ASSOCIATION 
ASA NO.; K2 1.1-1936 


Standard Method of Test for 
TOLUENE INSOLUBLE SOLID MATTER IN ROSIN^ 

CHIEFLY SAND, CHIPS, DIRT, AND BARK 



A.S.T.M. Designation: D 269 -30 
Adopted, 1930.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 269; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test covers a pro- 
cedure for determining the amount |of 
solid matter (chiefly sand, chips, dirt, 
and bark) in rosin insoluble in toluene. 

Treatment of Sample 

2. (a) If the sample is less than 200 
g., powder it, immediately before the 
determination is made, to pass a No. 
10 (2000-micron) sieve,^ mix thoroughly, 
and place in a wide-mouth bottle which 
is completely filled thereby. 

(6) If the sample is more than 200 g., 
crush it, immediately before the deter- 
mination is made, to pass a |-in. sieve,® 
mix, divide by quartering to about 200 
g., and treat as described in Para- 
graph (a). 


_ * Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.TJtf. 
Committee D-17 on Naval Stores. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1927 to 1930. Editorially revised 
and rearranRed in 1939. 

• Detailed requirements for this sieve are given in the 
Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E ) 11, which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S,T.M. 
Designations at front of book. 


Procedure 

3. Place 50 g. of the freshly-powdered 
sample in a 300-ml. beaker, add 150 ml. 
of toluene, free from water and non- 
volatile residue, and dissolve the sample 
with the aid of heat and occasional 
shaking. When solution is apparently 
complete (no particles of rosin visible), 
filter at once through a 25-miL porcelain 
Gooch crucible which has been previ- 
ously prepared with a mat of pure 
well-washed asbestos (such as is used for 
the determination of barium sulfate), 
and which has been finally washed 
thoroughly with toluene, dry at 105 to 
110 C. for 30 min., cool in a desiccator, 
and weigh. If the rosin filtrate is not 
clear, return it through the Gooch 
crucible until it is clear, finally washing 
the residue and the outside of the 
crucible free from rosin with additional 
hot toluene. Dry the crucible and 
contents to constant weight at 105 to 
HOC. (1 hr. usually suffices), cool in a 
desiccator, weigh, and calculate the 
percentage of solid matter insoluble in 
toluene. 
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Standard Specifications for 
ACETONEi 



A.S.T.M. Designation: D 329 - 33 
Adopted, 1933 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 329; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
wdth the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T M. Designation: D 268) 
of the American Society for Testing 
Materials.'* 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, tlie American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary appli- 
cation that may be involved. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1931 to 1933 . Editorially 
revised and rearranged in 1939. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Scope 

1. These specifications cover acetone. 
Properties 

2. Acetone shall conform to the follow- 
ing requirements: 

Purity not less than 98 per cent 

dimethylketone 

Specific gravity, 20/20 C 0.791 to 0.799 

Color water white 


Specific gravity, 20/20 C.. , 

Color 

Distillation range: 

Below SS.O C 

Above 57 .SC 

Nonvolatile matter 


Acidity (free acid as CO 2 ) . . 


Potassium permanganate test 


not more than 0.005 g. per 
100 ml. 

miscible without turbidity 
with 19 volumes of 60° 
A.P.I. gasoline at 20 C. 
not more than 0.002 per 
cent by weight, equiva- 
lent to 0.051 mg. of ROH 
per gram of sample 
miscible with distilled 
water in all proportions 
not alkaline to para- 
nitrophenol 

. color of added EMnOi to 
be retained at least 30 
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Standard Specifications for 
AMYL ALCOHOL (SYNTHETIC)' 



A.S.T.M. Designation: D 319 - 40 

Adopted, 1933; Revised, 1940.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 319; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover amyl 
alcohol (synthetic). 


Properties 

2. Amyl alcohol (synthetic) shall con- 
form to the following requirements: 


Specific gravity, 20/20 C 0.812 to 0.820 

Color water white 

Distillation range: 

Below 118 C none 

Below 120 C not more than 5 per cent 

Below 12S C not more than 50 per cent 

Below 130 C not more than 85 per cent 

Above 140 C none 

Nonvolatile matter. not more than 0.005 g. per 

100 ml. 

Odor.... mild, nonresidual 

Water miscible without turbidity 

with 19 volumes of 60° 
A.P.I. gasoline at 20 C. 
Acidity none 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.® 


* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed 
as a recommendation of any patented or proprietary 
application that may be involved. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1930 to 1933, being 
revised in 1930. Editorially revised in 1942. 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Standard Specifications fior 

AMYL ACETATE (SYNTHETIC) (85 to 88 PER CENT GRADE)^ 



A.S.T.M. Designation: D 318 - 39 
Adopted, 1933; Revised, 1936, 1939.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 318; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover amyl 
acetate (synthetic) (85 to 88 per cent 
grade). 

Properties 

2, Amyl acetate (synthetic) shall con- 
form to the following requirements: 

Specific gravity, 20/20 C 0.860 to 0.870 

Color water white 

Distillation range: 

Below 126 C none 

Below 130 C not more than 5 per cent 

Below I3S C not more than 2S per cent 

Below 140 C not more than 75 per cent 

Above 155 C none 

Nonvolatile matter not more than 0.005 g. per 

100 ml. 

Odor mild, nonresidual 

Water miscible without turbidity 

in all proportions with 60° 
A.P.I. gasoline at 20 C. 

Acidity (free acid as acetic 

acid) not more than 0.03 per 

cent by weight, equiva- 
lent to 0.28 mg. of KOH 
per gram of sample 

Ester value 85 to 88 per cent by weight 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.® 


* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to 
insure anyone utilizing the specifications against liability 
for infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary applica- 
tion that may be involved. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1930 to 1933. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 
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Standard Specifications for 

AMYL ACETATE MADE FROM FUSEL OIL (85 to 88 
PER CENT GRADE)' 



A.S.T.M. Designation: D 554 - 39 

Adopted, 1939.=“ 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 554; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 


Methods of Testing 


1. These specifications cover amyl 
acetate made from fusel oil (85 to 88 
per cent grade). 


Properties 


2, Amyl acetate (made from fusel 
oil) shall conform to the following re- 
quirements: 

. 0.8<i0 to 0.865 


Specific gravity, 20/20 C.. 

Color 

Distillation range: 

Below HOC 

Below 120 C 

Below 130 C 

Below 140 C 

Above 150 C 

Nonvolatile matter 

Odor 

Water 


Acidity (free acid as acetic 
acid) 


water white 
none 

not more than 15 per cent 
not more than 50 per cent 
not less than 60 per cent 

not more than 0.005 g. per 
100 ml. 

mild, nonresidual 
miscible without turbidity 
with 19 volumes of 60° 
A.P.I. gasoline at 20 C. 

not more than 0.03 per 
cent by weight, equiva- 
lent to 0.28 mg. of KOH 
per gram of sample 
85 to 88 per cent by weight 


3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.® 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to in- 
sure anyone utilizing the specifications against liability 
for infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary applica- 
tion that may be involved. 

* These specifications were revised and issued under 
the designation D 554 in 1939. They formerly constituted 
a portion of the Standard Specifications for Normal Amyl 
Acetate (D 318 - 36) which was published as standard in 
1933, and revised in 1936 

’ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Ester value. 


S tandard Speciji cations for 
INDUSTRIAL 90 PER CENT BENZENE (BENZOL)^ 



A,S.T.M. Designation: D 361-36 

Adopted, 1936.* 

This Standard of the American. Society for Testing Materials is issued under 
the fixed designation D 361 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover indus- 
trial 90 per cent benzene (benzol). 


Properties 

2. Industrial 90 per cent benzene 
(benzol) shall conform to the following 
requirements: 

Specific gravity, 20/20 C 0.868 to 0.882 

Color water white 

Distillation range: 

Below 77 C none 

Below 100 C not less than 92 per cent 

Above 122 C none 

Nonvolatile matter not more than 0.005 g. per 

100 ml. 

Odor characteristic aromatic hy- 

drocarbon, nonresidual 

Water not sufficient to show tur- 

bidity at 20 C. 

\cidity none 

sulfur as HjS and SOj none 


Corrosion: 

Copper corrosion test copper shall show no 

iridescence 

Mercury test mercury shall show no dis- 

coloration 

Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials,® 


* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S, 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

s Prior to adoption as standard, these specifications 
W'ere published as tentative from 1933 to 1936. Editorially 
revised and rearranged in 1939. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Specifications fior 
BUTANOL (NORMAL BUTYL ALCOHOL)' 



A.S.T.M. Designation: D 304 - 40 

Adopted, 1933; Revised, 1940.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 304; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover butanol 
(normal butyl alcohol). 

Properties 

2. Butanol (normal butyl alcohol) 
shall conform to the following require- 
ments: 

Specific gravity, 20/20 C 0.810 to 0.81S 

Color water white 

Distillation range: 

Below 100 C none 

Below lOS C not more than 2 per cent 

Below IIS C not more than 10 per cent 

Above 118 C none 

Nonvolatile matter not more than O.OOS g. per 

100 ml. 

Odor mild, nonresidual 

Water miscible without turbidity 

with 19 volumes of 60° 
A.P.I. gasoline at 20 C. 

Acidity (free acid as acetic 

acid) not more than 0.03 per cent 

by weight, equivalent to 
0.28 mg. of KOH per gram 
of sample 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.® 


* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to 
insure anyone utilizing the specifications against liability 
for infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary appli- 
cation that may be involved . 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1929 to 1933, being 
revised in 1930. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Standard Specifications for 
NORMAL BUTYL ACETATE (88 TO 92 PER CENT GRADE)i 



A.S.T.M. Designation: D 303 - 40 

Adopted, 1933; Revised, 1940.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 303; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 


Methods of Testing 


1. These specifications cover normal 
butyl acetate (88 to 92 per cent grade). 


Properties 


2. Normal butyl acetate (88 to 92 
per cent grade) shall conform to the 
following requirements : 


0.872 to 0.878 
water white 


Specific gravity, 20/20 C. 

Distillation range: 

Below 110 C 

Below 120 C 

Above 127 C 

Above 145 C 

Nonvolatile matter 


Acidity (free acid as acetic 
acid) 


Ester value. 


not more than IS per cent 
not more than 30 per cent 
none 

not more than 0.005 g. per 
100 ml. 

mild, nonresidual 
miscible without turbidity 
with 19 volumes of 60“ 
A.P.I. gasoline at 20 C. 

not more than 0.03 per 
cent by weight, equiva- 
lent to 0.28 mg. of KOH 
per gram of sample 
88 to 92 per cent by weight 


3. The material shall be sampled 
and the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.® 


* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for TesUn^ Materials does not undertake lo 
insure anyone utilizing the specifications against liability 
for infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary appli- 
cation that may be involved. 

■ Prior to adoption as standard, these specifications 
were published as tentative from 1929 to 1933, being 
revised in 1930 

5 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Specifications for 
BUTYL PROPIONATE (90 TO 93 PER CENT GRADE)! 



A.S.T.M. Desigaation: D 320 - 40 
Adopted, 1933; Revised, 1940.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 320; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 


Methods of Testing 


1. These specifications cover butyl 
propionate (90 to 93 per cent grade). 


Properties 

2. Butyl propionate (90 to 93 per 
cent grade) shall conform to the follow- 
ing requirements: 


Specific gravity, 20/20 C.. 

Color 

Distillation range: 

Below 115 C 

Below 130 C 

Below 138 C..; 

Above 168 C 

Nonvolatile matter 

Odor 

Water 


Acidity (free acid as propionic 
acid) 


Ester value. 


0.872 to 0.878 
water white 

none 

not more than 20 per cent 
not more than 60 per cent 
none 

not more than 0.005 g. per 
100 ml. 

mild, nonresidual 
misdble without turbidity 
with 19 volumes of 60° 
A.P.I. gasoline at 20 C. 

not more than 0.02 per 
cent by weight, equiva- 
lent to 0.15 mg. of KOH 
per gram of sample 
90 to 93 per cent by weight 


3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation; D 268) 
of the American Society for Testing 
Materials.^ 


> Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary appli- 
cation that may be involved. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1930 to 1933. 

s Appears in t'lis publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Specifications fior 
DIBUTYLPHTHALATE^ 



A.S,T.M. Designation: D 608 - 43 

Adopted, 1943 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 608; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover dibutyl- 
phthalate. 


Properties 

2. Dibutylphthalate shall conform to 
the following requirements: 


Specific gravity, 20/20 C 1.047 to 1.049 

Appearance... clear and free of suspended 

matter 

Color water white 

Odor , substantially none 

Water miscible without turbidity 

with 19 volumes of 60° 
A.P.I. gasoline at 20 C. 

Acidity (free acid as phthalic 

acid) not more than 0.01 per cent 

by weight, equivalent to 
0.067 mg. of K.OH per gram 
of sample 

Ester value... not less than 99 per cent by 

weight, 4-hr. heating 
period on the steam bath 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.^ 


I Under the standardization procedure of the Society 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-l on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary appli- 
cation that may be involved. 

* Prior to adoption asstandard, these specifications were 
published as tentative from 1941 to 1943. 

’ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book’. 
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S tand^f' d Specijicatidns Jor 
ETHYL ACETATE (85 TO 88 PER CENT GRABE)i 



A.S.T.M. Designation; D 302 - 33 

Adopted, 1933.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 302; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover ethyl 
acetate (85 to 88 per cent grade). 

Properties 

2. Ethyl acetate (85 to 88 per cent 
grade) shall conform to the following 
requirements: 

Specific gravity, 20/20 C 0.883 to 0.888 

Color water white 

Distillation range: 

Below 70 C none 

Below 72 C not more than 10 per cent 

Above 80 C none 

Nonvolatile matter not more than 0.005 g. per 

100 ml. 

Odor mild, nonresidual 

Water miscible without turbidity 

with 10 volumes of 60° 
A.P.I. gasoline at 20 C. 

Acidity (free acid as acetic 

acid) not more than 0.02 per 

cent by weight, equiva- 
lent to 0 . 19 mg . of KOH 
per gram of sample 

Ester value 85 to 88 per cent by weight 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and Dilu- 
ents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.® 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as a 
recommendation of any patented or proprietary applica- 
tion that may be involved. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1929 to 1933, being 
revised in 1930. Editorially revised and rearranged in 1939. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


1035 


Standard Specifications for 
ETHYL LACTATE (SYNTHETIC)^ 



A.S.T.M. Designation: D 321 - 40 

Adopted, 1933; Revised, 1940.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 321 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover ethyl 
lactate (synthetic). 


Properties 

2. Ethyl lactate (synthetic) shall con- 
form to the following requirements: 


Specific gravity, 20/20 C 1.020 to 1 .036 

Color water white 

Distillation range: 

Below 102 C none 

Below 139 C not more than 10 per cent 

Below 155 C not less than 90 per cent 

Above 173 C none 

Nonvolatile matter not more than 0.005 g. per 

100 ml. 

Odor mild, nonresidual 

Water. miscible without turbidity 

with 19 volumes of 60“ 
A.P.I. gasoline at 20 C. 

Acidity (free acid as lactic 

acid) not more than 0.08 per 

cent by weight, equiva- 
lent to 0.5 mg. of KOH 
per gram of sample 

Ester value 96 to lOOper cent by weight 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.® 


> Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for_Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary appli- 
cation that may be involved. 

® Prior to adoption as standard, these specifications 
were pub’ished as tentative from 1930 to 1933 

« Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Specifications for 

ETHYLENE GLYCOL MONOETHYL ETHERS 



A.S.T.M. Designation: D 331-35 
Adopted, 1935.® 

This Standard of the American Society for Testing Materials Is issued under 
the fixed designation D 331; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 


1, These specifications cover ethylene 
glycol monoethyl ether. 


Properties 


2. Ethylene glycol monoethyl ether 
shall conform to the following require- 
ments: 


Specific gravity, 20/20 C 0.927 to 0.933 

Color water white 

Distillation range: 

Below 128 C none 

Below 132 C not more than 5 per cent 

Below 13rt C not less than 95 per cent 

Above 137 C none 

Nonvolatile matter not more than 0.005 g. per 

100 ml. 

Odor mild, nonresidual 

Water miscible without turbidity 

with 19 volumes of 60° 
A.P.I. ga.soline at 20 C. 

Acidity not more than 0.2 mg. of 

KOH per gram of sample 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.^ 


> Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary appli- 
cation that may be involved. 

! This compound is also known under the names beta- 
etho.\y ethanol and ethyl glycol. 

’Prior to adoption as standard, these specifications 
were published as tentative from 1932 to 1935. Editorially 
revised in 19,!9 and 1942. 

« Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Standard Specifications fior 

ACETATE ESTER OF ETHYLENE GLYCOL MONOETHYL 
ETHER (95 TO 96 PER CENT GRADE)!-* 



A.S.T.M. Designation: D 343 - 35 

Adopted, 1935.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 343; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover the ace- 
tate ester of ethylene glycol mono- 
ethyl ether (95 to 96 per cent grade). 

Properties 

2. The acetate of ethylene glycol 
monoethyl ether (95 to 96 per cent 
grade) shall conform to the following 
requirements: 

Specific gravity, 20/20 C 0.968 to 0.976 

Color... not darker than a solution 

of 0.008 g. of KsCrjOj 
per liter of water 

Distillation range: 

Below US C none 

Between ISO and 160 C.. . not less than 90 per cent 

Above 165 C none 

Nonvolatile matter not more than 0.03 g. per 

100 ml. 

Odor mjld, nonresidual 

Water miscible without turbidity 

with 19 volumes of 60° 
A.P.I. gasoline at 20 C. 

Acidity (free acid as acetic 

acid). not more than 0.024 per 

cent by weight, equiva- 
lent to 0.2 mg. of KOH 
per gram of sample 

Ester value 95 to 96 per cent by weight 


Methods of Testing 

3. The material shall be sampled 
and the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.^ 


I Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to in- 
sure anyone utilizing the specifications against liability 
for infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed 
as a recommendation of any patented or proprietary 
application that may be involved. 

* This compound is also known under the names beta- 
ethoxy ethyl acetate and ethyl glycol acetate. 

* Prior to adoption as standard, these specifications 
were published as tentative from 1932 to 1935. Editori- 
ally revised and rearranged in 1939. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Speciji cations for 
ETHYLENE GLYCOL MONOBXJTYL ETHERS 



A.S.T.M. Designation; D 330 - 35 

Adopted, 1935.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 330; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 


1. These specifications cover ethylene 
glycol monobutyl ether. 


Properties 


2. Ethylene glycol monobutyl ether 
shall conform to the following require- 
ments: 


Specific gravity, 20/20 C 0.899 to 0.905 

Color water white 

Distillation range: 

Below 163 C none 

Below 167 C not more than 5 i>er cent 

Below 171 C not less than 95 per cent 

Above 174 C none 

Nonvolatile matter . not more than 0.005 g. per 

100 ml. 

Odor mild, nonresidual 

Water miscible without turbidity 

with 19 volumes of 60“ 
A.P.I. gasoline at 20 C. 

Acidity not more than 0.2 mg. of 

KOH per gram of sample 


Methods of Testing 

3. The material shall be sampled 
and the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.'^ 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary appli- 
cation that may be involved. 

2 This compound is also known under the names heta- 
butoxy ethanol and butyl glycol. 

5 Prior to adoption as standard, these specifications 
were published as tentative from 1932 to 1935 . Editorially 
revised in 1939 and 1942. 

< Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at frqnt of book. 
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Standard Specifications for 
ISOPROPYL ACETATE* 



A.S.T.M. Designation: D 657 - 44 

Adopted, 1944.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 657 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover two 
grades of isopropyl acetate, as follows: 
85 to 88 per cent grade, and 95 to 98 per 
cent grade. 

Properties 

2. Isopropyl acetate shall conform to 
the requirements prescribed in Table I. 
Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these speci- 
fications determined in accordance with 
the Standard Methods of Sampling and 
Testing Lacquer Solvents and Diluents 
(A.S.T.M. Designation: D 268) of the 
American Society for Testing Materials.* 

' Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-l on Paint, Varnish, Lacquer, and 
Related Products. 

“ Prior to adoption as standard, these specifications 
were published as tentative from 1942 to 1944. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of booi. 


TABLE I.-REQUIREMENTS FOR ISOPROPYL 
ACEIWTE. 



85 to 88 per cent 
Grade 

95 to 98 per cent 
Grade 

Specific gravity, 



20/20 C 

0. 855 to 0. 862 

0.866 to 0.873 

Color 

water white 

water white 

Distillation range: 



None below 

81 C. 

85 C. 

None above 

93 C. 

90 C. 

Nonvolatile 



matter 

not more than 
0.005 g. per 
100 ml. 

not more than 
0.005 g. per 
100 ml. 

Odor 

mild, nonresidual 

mild, nonresidual 

Water 

miscible without 
turbidity with 
19 volumes of 
60° A.P.l. gaso- 
line at 20 C. 

miscible without 
turbidity with 
19 volumes of 
60° A.P.l. gaso- 
line at 20 C. 

Acidity ffree acid 



as acetic acid). . . 

not more than 
0.02 per cent 
by _ weight, 
equivalent to 
0. 19 mg. of 
KOH per gram 
of sample 

not more than 
0.02 per cent 
by _ weight, 
equivalent to 
0. 19 mg. of 
KOH per gram 
of sample 

Ester value 

not less than 85 
per cent by 
weight 

not less than 95 
per cent by 
weight 
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Standard Specifications for 

INDUSTRIAL PURE TOLUENE (TOLUOL)^ 



A.S.T.M. Designation: D 362 - 36 

Adopted, 1936.® 

This Staiadard of the American Society for Testing Materials is issued under 
the fixed designation D 362; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover indus- 
trial pure toluene (toluol). 

Properties 

2. Industrial pure toluene (toluol) 
shall conform to the following require- 
ments : 


Specific gravity, 20/20 C 

Color 

Distillation range: 

Below 107. S C 

Above 112.5 C 

The total distillation 
range of any specific 
sample shall not be 
greater than 3.0 C. 
Nonvolatile matter 

Odor 


Water 

Sulfur as HaS and' SOs 


0.860 to 0.870 
water white 


not more than 0.005 g. per 
100 ml. 

characteristic aromatic hy- 
drocarbon, nonresidual 
not sufficient to show tur- 
bidity at 20 C. 



Corrosion; 

Copper corrosion test copper shall show no 

iridescence 

Mercury test mercury shall show no 

discoloration 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (/V.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.® 


* Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

s Prior to adoption as standard, these specifications 
were published as tentative from 1933 to 1936. Editorially 
revised and rearranged in 1939. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Specifications for 
TRICRESYL PHOSPHATE^. ^ 



A.S.T.M. Designation: D 363 - 36 

Adopted, 1936.® 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 363; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover tricresyl 
phosphate. 

Properties 

2. Tricresyl phosphate shall conform 
to the following requirements: 

Specific gravity, 20/20 C 1.160 to 1.180 

Color not more than 100 on the 

Hazen platinum-cobalt 
standard 

Volatile matter not more than 0.20 per cent 

Free phenols not more than 0 . 05 per cent 

Potassium permanganate test, no change in color after 
standing 30 min. 

Ester value® not less than 99 per cent by 

weight 

Odor. substantially none 

Water miscible without turbidity 

with 19 volumes of 60° 
A.P.I. gasoline at 20 C. 

Acidity not more than 0.1 mg. of 

KOH per gram of sample 


“ Ester value shall be determined in accordance with 
Section 11 of Standard Methods D 268< except that the 
heating period shall be from 8 to 16 hr. 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.'^ 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to in- 
sure anyone utilizing the specifications against liability 
for infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary appli- 
cation that may be involved. 

s Prepared from commercial cresylic acid. 

’Prior to adoption as standard, these specifications 
were published as tentative from 1933 to 1936. Edito- 
rially revised in 1939 and 1942. 

’ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Speciji cations Jor 
INDUSTRIAL XYLENE (XYLOL) OR SOLVENT NAPHTHA^ 



A.S.T.M. Designation: D 364 - 36 

Adopted, 1936.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 364; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These specifications cover indus- 
trial xylene (xylol) or solvent naphtha. 


Corrosion: 

Copper corrosion test copper shall show no 

iridescence 

Mercury test mercury shall show no 

discoloration 

Methods of Testing 


Properties 

2. Industrial xylene (xylol) or solvent 
naphtha shall conform to the following 
requirements: 


Specific gravity, 20/20 C. 

Color 

Distillation range: 

Below 123 C 

Below 129 C 

Below 143 C 

Above 160 C 

Nonvolatile matter. ..... 

Odor 

Water 


Sulfur as HjS and SOs. 


0.8S6 to 0.867 
water white 

none 

not more than 5 per cent 
not less than 90 per cent 

not more than 0.005 g. per 
100 ml. 

ch iracteristic aromatic hy- 
drocarbon, nonresidual 
not sufficient to show tur- 
bidity at 20 C. 



3. The material shall be sampled 
and the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268) 
of the American Society for Testing 
Materials.® 


• Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1933 to 1936. Editorially 
revised and rearranged in 1939. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Standard Specifications and Tests for 

SOLUBLE NITROCELLULOSE^ 

A.S.T.M. Designation: D 301 - 33 
Adopted, 1933." 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 301 ; the final number indicates the year of original 


adoption as standard or, in the case 


Scope 

1. These specifications cover the mate- 
rial known as soluble nitrocellulose 
(also known as soluble cotton), which 
is shipped wet to conform to the regu- 
lations of the Interstate Commerce 
Commission. 

Properties 

2. {a) Appearance . — The nitrocellu- 
lose shall not be discolored and shall be 
free from lumps and foreign matter, 
such as charred particles. 

{h) Ash . — The ash content shall not 
exceed 0.30 per cent, calculated on the 
basis of dry-weight soluble nitrocellulose. 

(c) Nitrogen . — The percentage of ni- 
trogen, calculated on the basis of dry- 
weight soluble nitrocellulose, shall be 
within the limits agreed upon by the 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

By publication of these specifications, the American 
Society for Testing Materials does not undertake to insure 
anyone utilizing the specifications against liability for 
infringement of Letters Patent nor assume any such 
liability, and such publication should not be construed as 
a recommendation of any patented or proprietary applica- 
tion that may be involved. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1929 to 1933, being revised 
in 1930 and 1931, Editorially revised and rearranged in 
1939. 


revision, the year of last revision. 

purchaser and the seller for the particu- 
lar type of soluble nitrocellulose. 

{d) Stability . — The stability as deter- 
mined by the 134,5 C. test shall not be 
less than 25 min. 

{e) Consistency ( Viscosity ). — The con- 
sistency shall be within the limits 
agreed upon by the purchaser and the 
seller for the particular type of soluble 
nitrocellulose. 

(/) Solubility and Appearance of the 
Solution . — The solubility and appear- 
ance of the sample shall be equal to the 
reference standard for the particular 
type of soluble nitrocellulose. 

{g) Film Test . — The film test of the 
sample shall be equal to that of the 
reference standard for the particular 
type of soluble nitrocellulose. 

(A) Toluol Dilutioii Test . — The toluol 
dilution value of the sample shall be 
equivalent to that of the reference 
standard for the particular t3q3e of 
soluble nitrocellulose. 

SAMPLING AND METHODS OF TESTING 
Sampling 

3. Samples shall be taken from not 
less than 10 per cent (at least two 
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barrels) of each lot or batch in the ship- 
ment. In sampling the barrels, two 
samples of approximately 1 pt. each shall 
be taken from two well separated points 
at least 1 ft. beneath the surface of the 
material in the barrel. These samples 
shall then be composited to represent 
each lot or batch in the shipment. 


Ash 


Procedure 


4. Weigh approximately 2 g. of sam- 
ple in a tared and ignited crucible, and 
dry at 100 C. for approximately 30 min. 
Determine the dry weight of the sample. 
Moisten the residue with 20 to 30 drops 
of c.p. HNO3 (sp. gr. 1.42) and heat on a 
steam bath until the sample is decom- 
posed to a gummy mass. If necessary 
to complete the decomposition, add 
several additional drops of HNO3 at 
intervals. Then heat the crucible slowly 
over a bunsen burner or in an electric 
furnace until all volatile matter is driven 
off. Finally, ignite at red heat to 
constant weight, cool, and weigh. Cal- 
culate the percentage of ash as follows: 


Percentage of ash 


wt. of ash 
wt. of dry sample 


X 100 


Note. — Danger from inflammable vapor may 
be avoided by a preliminary air drying of the 
sample in the event that the number of samples 
being tested or the construction of the oven are 
such as to warrant this precaution. 


Nitrogen 

Apparatus 

5. Use the duPont Nitrometer® which 
is illustrated in Figs. 1 to 4. Figure 
2 (b) shows the universal measuring 
tube, although the nitrocellulose meas- 
uring tube shown in Fig. 2 (a) is prefer- 
able for testing nitrocellulose. If de- 
sired, both measuring tubes may be 
included in the assembly, by replacing 
the three-way glass manifold with a 
four-way manifold. 

5 Drawings reproduced by permission from the Stand- 
ard Specifications for Laboratory Ajiparatus Adopted by 
the Manufacturing Chemists’ Association of the United 
States, Part 1. 


Procedure 

Note, — ^The cellulose acetate mask described 
in Section 7 (d) must be worn during the genera- 
tion and measurement of the gas as a precaution 
in case of an explosion. Nitrogen-free c.p. 
H 2 SO 4 shall be used, 

6. (d) Accurately calibrate the meas- 
uring tube in the usual manner, using 
mercury as the calibrating liquid. 

(b) Standardize the apparatus using 
c.p. KNO3 recrystallized twice from 
distilled water and then washed with 
95 per cent ethyl alcohol, ground to 
pass a No. 100 (149-micron) sieve, and 
dried for 2 to 3 hr. at 135 to 150 C, Fill 
the compensating, measuring, , and re- 
action tubes and their connections with 
mercury. Run 20 to 30 ml. of H2SO4 
(94.5 d= 0,5 per cent) (Note) into the 
reaction bulb through the cup at the 
top and admit about 210 ml. of air. 
Close the stopcocks and shake the bulb 
well. This desiccates the air which is 
then run into the compensating tube 
until the mercury is about on a level 
with the 12.50 per cent mark on the 
measuring tube, the two tubes being 
held at the same height. Then seal the 
compensating tube using a small, blow- 
pipe flame. Accurately weigh 0.9000 
to 1.0000 g. of the KNO3 and introduce 
it into the reaction bulb. Wash the cup 
with 20 ml. of c.p. H2SO4 (94.5 ± 0.5 
per cent) (Note) in three or four portions, 
each portion being run separately into 
the bulb. During this operation allow 
the bottom stopcock of the reaction bulb 
to remain open. Then with the bottom 
stopcock still open lower the reservoir 
bulb to give reduced pressure in the 
reaction bulb and gently shake the re- 
action bulb to start the decomposition. 
After the evolution of NO has become 
slow (it is extremely important that the 
bottom stopcock be left open until the 
major part of the decomposition has 
occurred; otherwise sudden evoiution 
of gas will burst the bulb, scattering 
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acid and glass) lower the reservoir bulb 
until all but 25 ml. of the mercury in the 
reaction bulb is withdrawn, close the 
bottom stopcock, and shake the reaction 
bulb vigorously for 5 min. When the 
reaction is completed allow the gas to 
cool for 20 min., then transfer the gas 


was used, or a proportional reading if less 
was used. Paste a strip of paper on the 
compensating tube at the level of the 
mercury and the standardization is 
completed. It is advisable to make 
several check determinations, preferably 
on different days, to insure accurate 



to the measuring tube. By means of standardization. Determinations should 
the leveling device make careful adjust- check within plus or minus 0.01 per cent, 
ment of the mercury levels so that the (c) Roughly dry the soluble nitro- 
mercury in the measuring tube is at the cellulose as for the ash determination 
13,85 per cent mark (the theoretical described in Section 4 and weigh a 
percentage of nitrogen in potassium sample of from 1.0 to 1.5 g. in a weighing 
nitrate) if an exactly 1.0000-g. sample bottle. Dry to constant weight at 98 
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'r"'^ 

' IN'J. ' 


rlmporhnf^ 



lmporhnf> Cah'brakinfhis 
Position so that Mercury 
Meniscus will be thus at 
the 14. 01 Mark which shall 
be equal to 240.3b cc. 
at20°C. 


(a) Nitrocellulose tube. (b) Universal tube. 

Fig. 2. — Measuring Tubes for Nitrogen Determination. 
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Fig. 3,— Reaction Bulb, 


Fig. 4. — Compensating Tube. 


— /% approx. ^>|< 4^" approx. 
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to 102 C. (1 to 1| hr. usually suffices) 
and cool in a desiccator. Transfer to 
the cup of the reaction bulb of the 
nitrometer; then, using c.p. H 2 SO 4 
(94.5 ± 0.5 per cent) dissolve the sample, 
withdraw into the reaction bulb, and 
rinse the cup into the bulb several times. 
Use a total of 20 ml. of acid for dissolving 
and rinsing. Complete the determina- 
tion in accordance with the standardiza- 
tion of the apparatus described in 
Paragraph (b) and take a reading after 
adjusting the level of the mercury in the 
reading tube to the mark on the com- 
pensating tube. The reading divided 
by the weight of sample gives the 
percentage of nitrogen. 

Stability 

Apparatus 

7. The apparatus shall consist of the 
following: 

(a) Copper Bath . — Copper bath with 
copper or brass condenser, as shown 
in Figs. 5 and 6. These baths are 
usually made to hold 13 or 15 test tubes. 

(5) Test Tubes . — Fifteen heat-resist- 
ant glass'* test tubes 290 ± 1 mm. in 
length with an outside diameter of 18 
mm. and a wall thickness pf 1.5 mm. 

(c) Heater . — An electric hot plate for 
heating the bath. 

(d) Face Mask . — A face mask, so 
constructed that a heavy piece of clear 
cellulose acetate sheeting protects the 
face. 

{e) Gloves . — A pair of heavy gloves. 

if) Pincers . — Long pincers for hand- 
ling the test tubes. 

(g) Thermometer . — An A.S.T.M. Sta- 
bility Test Thermometer graduated in 
Centigrade degrees, having a range of 
130 to 140 C., and conforming to the 
requirements for this thermometer as 
prescribed in the Standard Specifications 
for A.S.T.M. Thermometers (A.S.T.M. 

^ Pyrex glass is very satisfactory for this purpose. 


Designation: E 1) of the American So- 
ciety for Testing Materials.® 

Special Solution Required 

8. Methyl Violet Test Paper. — Con- 
duct the preparation and drying of the 
methyl violet test paper in a room that is 
free of acid fumes. Prepare a dye solu- 
tion according to the following formula: 

Para-rosanilinc** (converted to acetate) 0.2500 g. 

Crystal violet" 0.1680 g. 

C.p. glycerol 6 ml. 

IVislilled water 30 ml. 

95 per cent ethyl alcohol sufficient to make up 

to 100 ml. 

“ The para-rosaniline acetate used in the foregoing 
formula is made by adding an excess of glacial acetic acid 
to 0.2i(!0 g. of para-rosanilinc and heating in a porcelain 
casserole over a steam bath until the excess acid is re- 
moved. The other ingred'ents are then added and the 
volume made up to a total of 100 ml. with 95 per cent ethyl 
alcohol. The crystal violet mentioned in the formula 
may be replaced by Methyl Violet N.E. (E. I. du Pont 
de N’emours and Co.) or Methyl Violet 2 B (National 
Aniline and Chemical Co.). 

Place a small quantity of the dye 
solution into a rectangular glass tray 
that is supported in a tilted position. 
Slowly draw a quarter sheet of filter 
paper through the solution and up and 
over the side of the dish to remove the 
excess liquid. The filter paper shall 
be carefully selected and of such proper- 
ties as to maintain a permanent color 
when treated. The S. & S. No. 597 
filter paper has been found to be the 
only paper giving consistent results. 
Holding the sheet horizontally, wave it 
gently back and forth for about 1 min., 
then suspend vertically until dry. When 
dry, cut into strips 70 by 20 mm. and 
store in a well-stoppered bottle. 

Check each batch of prepared test 
papers against the papers held as stand- 
ard by testing the same sample of nitro- 
cellulose with both papers. 

Procedure 

9. (a) Conduct the test in a room that 
is free of acid fumes. Dried nitrocellu- 
lose is very inflammable and if ignited by 
fire, spark, or static electricity will 

* .'Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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flare up and shatter the test tube. It 
is important, therefore, that the operator 
wear the cellulose acetate mask and 
heavy gloves (Section 7) and that the 
tubes be handled with long pincers. 

(5) Maintain the heating bath at a 
temperature of 134.5 db 0.5 C. by the 
use of the required mixture of toluol and 


will have a tendency to rise, which 
should be corrected by adding toluol. 

(c) Weigh accurately 2.5 g. of the 
sample previously dried at 40 to 45 C. 
for 4 to 5 hr., or air dried over night 
followed by a drying at 40 to 45 C. 
for 30 min. Shake or press the sample 
down in the test tube so that it occupies 


/» ^ l 04 Dia. 

Q — 5j|<- to Dta - — 



Brass Pad-' 

Brazed to Under Side \ 
of Top 

Standard^" Brass Union 
Standard f 'Copper Pipe^ 



^ 15 Standard 

" I" Copper Tube Holders, 

ll^''long, Spaced as 
shown, Ends Finished 
as shown. 

y Drill and Tap for Standard 
' §■" Copper Pipe 

Standard ^"Plpe Plugjirass 
.-'Drill and Tap for ^"Standard 
-y Brass Pipe Plug' 


I" Copper Sheet 

throughout 


Elevation, Section. 

Fig. 5. — Copper Bath for Stability Test. 


xylol. The proper mixture is approxi- 
mately one part toluol and four parts 
xylol, but the exact proportions must 
be determined by the “cut-and-try” 
method. If the original mixture is 
too high, add more toluol; if it is too 
low, allow the condenser to run hot until 
the desired temperature is reached. On 
continued operation the temperature 


the lower 2 in. of the tube and swab out 
all nitrocellulose particles adhering to 
the inside wall of the tube. Place the 
methyl violet test paper in the tube so 
that its lower edge is 1 in. from the top 
of the sample in which position the paper 
must remain throughout the test. 
Stopper the tube with a cork provided 
with a hole or notch 4 mm. in diameter 
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to allow for expansion and contraction 
of the air in the tube. Place the tube 
containing the sample in the heating 
bath maintained at a temperature of 
134.5 ± 0.5 C. The tube shall project 
not less than 5 nor more than 7 mm. 
above the top of the bath. Beginning 
at the end of the first 20 min., inspect 
the tube at 5-min. intervals by lifting 
the tube until the methyl violet paper, 
but not the soluble nitrocellulose, is 
visible above the surface of the bath. 
The end point is reached when the test 



Apparatus 

11. The apparatus shall consist of 
the following: 

(a) Cylinder . — A glass cylinder 1 .0 
=fc 0.02 in. (25.4 dz 0.5 mm.) in inside 
diameter, 14 in. in height, and with 
marks 10.0 db 0.10 in. (254.00 dh 2.5 
mm.) on the side at points about 2 
and 12 in. (50.80 and 304.80 mm.) from 
the top. 

(&) Steel Ball.— A steel ball 0.3120 
to 0.3130 in. (0.794 ±. 0.001 cm.) in 
diameter and weighing 2.035 ± 0.010 g. 


TABLE I.-SOLUTIONS FOR CONSISTENCY, 
FILM, AND TOLUOL DILUTION 

TESTS. 


For- 

For- 

For- 

For- 

Ingredients 

mula 

mula 

mula 

mula 

A 

B 

C 

D 

Soluble nitrocellulose (dried 
at so C. to constant weight), 

per cent by weight 

Ethyl acetate,® per cent by 
weight 

12.2 

20.0 

! 25. 0 

12,2 

17.S 

16.0 

i 

IS.O 


Denatured alcohol, completely 
denatured (No. S, 188-190 
proof), per cent by weight. . 

Toluol,® per cent by weight , . 

Normal butyl acetate,® per 
cent by weight 

22.0 

20.0 

18. 7S 


43.3 

44.0 

41.25 





87.8 

® Ethyl acetate conforming 

: to the Standard Specifica- 

dojis f^r Ethyl AceUte (85 to 88 per cent G^ade) (A.S. 


T.M. Designation: D 302) of the American Society for 
Testing Materials.® 

° Noncorrosive toluol, 2 C. boiling range, including 
the boiling point of toluene, 110.7 C. 

'Normal butyl acetate conforming to the Standard 
Specifications for Normal Butyl Acetate (88 to 92 per 
cent Grade) (A.S.T.M, Designation: D 303) of the Ameri- 
can Society for Testing Materials.® 


Fig. 6. — Brass Condenser for Stability Test 
Apparatus. 

paper completely loses its violet color. 
For example, if the color is not com- 
pletely changed in 20 min. but in com- 
pletely changed in 25 min. record the 
stability of the sample as 25 min. 

Consistency 

Special Solutions Required 

10. The solutions shall conform to tlie 
formulas prescribed in Table I. 


Procedure 

12. (a) Consistency is determined by 
putting the soluble nitrocellulose in 
solution using a standard formula and 
noting the rate at which a standard 
steel ball drops through the solution. 
Formula A, B, or C (Table I) is usually 
used for determining consistency. Use 
formula A unless the sample gives a 
viscosity with it of 6 sec. or less, in 
which case use formula B; if below 
3 sec. in formula B use formula C. 
The solution of the nitrocellulose will be 
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completed somewhat more quickly if the 
alcohol and toluol are added first and 
the mixture then allowed to stand 5 or 
10 min. before the ethyl acetate is added. 
Completely dissolve the sample in the 
solvent mixture by agitating in a tightly- 
closed container. Fill the glass cylinder 
with this solution. Stopper the cyl- 
inder, allow to stand until all air bubbles 
have passed out of the solution, and 
bring to a temperature of 25.0 ± 0.1 C. 
Place the cylinder in a vertical position 
and release the steel ball at the center 
of the upper surface of the solution and 
allow it to fall through the solution. 
Record as the consistency of the sample 
the number of seconds required for the 
ball to pass through the 10-in. column 
of solution between the 2 and 12-in. 
(50.80 and 304.80 mm.) marks on the 
cylinder. 

(b) Report . — In reporting the con- 
sistency prefix the letter A, B, or C to 
the value of the consistency determined 
in Paragraph (o) in order to indicate 
the solution formula used. 

Solubility and Appearance of 
Solution 

Procedure 

13. Compare either formula A, B, C, 
or D (Note) with a freshly-prepared 
^standard solution of the same type of 
soluble nitrocellulose of the same form- 
ula. Make the comparison in small 


vials and note the color, turbidity, 
“grain,” and “flock.” 

Note. — Formula A, B, or C which was pre- 
pared for the consistency determination is or- 
dinarily used. When the soluble nitrocellulose 
is to be used for purposes requiring extreme 
transparency and clarity, use formula D. 

Film Test 

Procedure 

14. Dilute formula A, B, or C (Table 
I) with an equal volume of normal butyl 
acetate and pour the solution beside a 
freshly-prepared standard solution of 
the same type of soluble nitrocellulose 
and of the same formula, on a clean glass 
plate. Allow to dry in a nearly vertical 
position in a dust-free atmosphere. 
Compare the sample with the standard 
for undissolved particles, which indicate 
unnitrated cotton or impurities, and 
for poor flow and poor gloss. 

Toluol Dilution 

Procedure 

15. To 50 ml. of formula D (Table I) 
in a stoppered bottle, add c.p. toluol 
(Note) in small quantities from a 
burette, shaking well after each addition. 
The first permanent separation of sol- 
uble nitrocellulose is taken as the dilution 
value and is expressed as a percentage 
by volume of formula D. 

Note. — Large quantities of butyl acetate 
and toluol should be reserved for this test to 
avoid possible variation between different lots. 



Standard Methods of 

SAMPLING AND TESTING LACQUER SOLVENTS AND 
DILUENTS^ 



A.S.T.M. Designation: D 268 - 44 
Adopted, 1933; Revised, 1941, 1942, 19443 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 268; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for the sampling and testing of solvents 
and diluents for use in the manufacture 
of nitrocellulose lacquer. 

Sampling 

2. (a) The method of sampling speci- 
fied in Paragraph (6) or (c) shall be used, 
according to the special conditions that 
obtain. 

(&) From Loaded Tank Car or Other 
Large Vessel . — The composite sample 
taken shall be not less than | gal. and 
should consist of small samples of not 
more than 1 qt. each, taken from near 
the top and bottom by means of a metal 
or glass container with removable stop- 
per or top. This device, attached to a 
suitable pole, shall be lowered to the 
desired depth, when the stopper or top 
shall be removed and the container 
allowed to fill. 

(c) From Barrels and Drums.—hX. 

‘ Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

* Prior to adoption as standard, these methods were 
published as tentative from 1927 to 1933, being revised in 
1929, 1930, and 1931. 


least 5 per cent of the packages in any 
shipment shall be represented in the 
sample. The purchaser may increase 
the percentage of packages to.be sampled 
at his discretion, and it is recommended 
that every package be. sampled in the 
case of expensive solvents that are 
bought in small quantity. A portion 
shall be withdrawn from about the center 
of each package sampled by means, of a 
“thief” or other sampling device. The 
composite sample thus obtained shall 
be not less than 1 qt. and shall consist 
of equal portions of not less than | pt. 
from each package sampled. 

Specific Gravity 

Procedure 

3, Determine the specific gravity by 
any convenient method that is accurate 
to the third decimal point, the temper- 
ature of both sample and water being 
20 C. 

Color 

Procedure 

4. (a) Compare the sample and the 
reference standard, agreed upon by the 
purchaser and the seller, in lOO-ml, 
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Nessler tubes having colorless bottoms 
and having the sides covered with 
opaque paper for the purpose of elimi- 
nating sidelight. Fill the tubes to a 
height of approximately 24.5 cm., and 
view them from a point directly above 
the tube, using a W'hite background 
beneath the bottom of the tube. For a 
solvent to be rated water-white, the 
visible color shall not be darker than a 
solution of 0.0030 g. of K.2Cr207 in 1 
liter of water when tested in the above 
manner. 

(b) Color of Trier esyl Phosphate . — 
The Hazen platinum-cobalt solution, 
prepared as follows,® shall be used as the 
standard for the color test of tricresyl 
phosphate: 

Dissolve 1.246 g. of potassium platinic 
chloride (PtCl4-2KCl) containing 0.05 
g. of platinum and 1 g. of crystallized 
cobalt chloride (CoCb -61120) containing 
0.25 g. of cobalt in 100 ml. of HCl (sp. 
gr. 1.19) and dilute to 1 liter with 
distilled water. This solution has a 
standard color of 500. 

By placing 4 ml. of the color solution 
in a colorless 100-ml. Nessler tube and 
diluting to the mark with distilled water, 
a standard color of 20 is obtained. For 
a standard color of 100, 20 ml. of the 
color solution shall be used. 

Distillation 

Procedure 

5. Conduct the distillation test in 
accordance with the Standard Method 
of Test for Distillation of Gasoline, 
Naphtha, Kerosine, and Similar Petro- 
leum Products (A.S.T.M. Designation; 
D 86) of the American Society for Test- 
ing Materials,^ with the following ex- 
ceptions: 

(i) The thermometer used shall be 

an A.S.T.M. Partial Immersion Ther- 
mometer graduated in Centigrade 

•This method is. described in “SUndard Methods of 
Chemical Analyses,” Vol. 2, Third edition, Scott. 


degrees having a range of either — 20 
to H-150C. or -5 to d-SOO C., 
according to the boiling range of the 
material tested, and shall conform 
to the requirements for these ther- 
mometers as prescribed in the Stand- 
. ard Specifications for A.S.T.M. 
Thermometers (A.S.T.M. Designa- 
tion: E 1) of the American Society 
for Testing Materials.^ 

(2) The temperature at the end 
point of the distillation, which shall 
be termed the “dry point,” is the 
temperature observed on the distilla- 
tion thermometer when the last drop 
of liquid leaves the bottom of the 
distillation flask. 

(J) Make observations of volumes 
of distillate at the temperature speci- 
fied for the individual solvent or 
diluent under test. 

Nonvolatile Matter 
Procedure 

6. Place 100 ml. of the sample in a 
weighed porcelain evaporating dish, 
evaporate almost to dryness on a steam 
bath, then heat to constant weight in an 
oven at 100 to HOC. The increase 
in the weight of the dish is the nonvola- 
tile matter of the sample, which should 
be expressed in grams per 100 ml. 

Residual Odor 

Procedure 

7. Determine residual odor for all 
solvents and diluents in which residual 
odor is an important property. Dip 
strips of heavy filter paper, of the same 
size and shape, to the same depth in 
beakers or wide-mouth bottles con- 
taining the sample and the reference 
standard. Allow the filter papers to 
dry in air at room temperature and 
examine them at suitable intervals for 
difference in odor. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Water 

Procedure 

8. Transfer 5 ml. of the sample to a 
100-ml. glass-stoppered cylinder, and 
add 60° A.P.I. gasoline in 5-ml. portions 
until the total volume specified is ob- 
tained, shaking well after each addition. 
Both sample and gasoline shall be at a 
temperature of 20 C. when used. Water 
is indicated by turbidity. If turbidity 
develops, test the reference standard 
in the same way and compare with the 
sample. 

Acidity 

Procedure 

9. Using a pipette, transfer 50 ml. 
of the sample to a small Erlenmeyer 
flask and titrate with 0.1 KOH in 99 
per cent methyl alcohol, using phenol- 
phthalein as an indicator. Calculate 
the weight of the sample from the 
specific gravity and report the acidity 
as milligrams of K.OH per gram of 
sample; in the case of esters also express 
the results as a percentage by weight 
of the appropriate acid. 

Alkalinity 

Procedure 

10. (a) Determine the alkalinity of 
solvents and diluents only when indi- 
cated by the results obtained in Section 
9. Using a pipette, transfer 50 ml. of 
the sample to a small Erlenmeyer flask 
and titrate with 0.1 iV H2SO4, using 
methyl orange as an indicator. Calcu- 
late the weight of the sample from its 
specific gravity and report the alkalinity 
as milligrams of KOH per gram of 
sample. 

{b) Alkalinity of Acetone , — To 100 
ml. of acetone contained in a small 
Erlenmeyer flask, add 0.3 ml. of 0.01 N 
H 2 SO 4 and 0.5 ml. of 0.3 per cent 
aqueous para-nitrophenol. The reac- 


tion shall not be alkaline to para-nitro- 
phenol. 

Ester Value 

Procedure 

11. {a) Weigh 1 to 2 g. of the sample 
in an ampoule by first weighing the 
empty ampoule, warming and filling, and 
then sealing-off and reweighing (Note 1). 
Place the ampoule in a 200-ml. Erlen- 
meyer flask which contains approxi- 
mately one and one-half times the 
theoretical quantity of 0.5 N aqueous 
KOH (Note 2) required for complete sa- 
ponification. If the sample is insoluble 
in aqueous KOH, add sufficient water- 
soluble alcohol, free from saponifiable 
material, to effect solution. Break the 
ampoule with a stirring rod and connect 
the flask to a reflux condenser. Heat the 
flask on a steam bath for 1 to 4 hr., 
depending on the ester being tested, 
or until saponification is complete. 
During the heating, shake the set-up 
and contents frequently, taking the 
usual precautions to lose none of the 
contents. After the apparatus has 
cooled, rinse the condenser with distilled 
water and add three drops of phenol- 
phthalein to the contents of the flask 
as an indicator. Titrate the contents 
of the flask with 0.5 N PICl. Run two 
blanks along with the sample, using 
aqueous KOH and the same amount of 
alcohol as was used with the sample. 
These blanks should check to the first 
decimal point. Report the result as 
percentage of ester by weight, allowing 
in the calculations for acidity or alka- 
linity as determined in Sections 9 and 10. 

(6) Optional Method . — Weigh 1 to 2 
g. of the sample in an ampoule by first 
weighing the empty ampoule, warming 
and filling, and then sealing-off and re- 
'weighing (Note 1). Place the ampoule 
in a pressure bottle of approximately 
325-ml. capacity (the spring top mag- 
nesium-citrate bottle is satisfactory) 
which contains one and one-half times 
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the theoretical quantity of 0.5 N aqueous 
KOH (Note 2) required for complete sa- 
ponification. If the sample is insoluble 
in aqueous KOH, add sufficient water- 
soluble alcohol, free from saponifiable 
material, to effect solution. Break the 
ampoule with a glass rod, subsequently 
washing the liquid adhering to the rod 
back into the bottle. After thorough 
agitation, heat the bottle and contents 
on a steam bath for 1 to 4 hr., depend- 
ing on the ester being tested, or until 
saponification is complete. After the 
proper heating, allow the bottle to cool, 
then open the bottle, and rinse the under 
side of the stopper and the sides of the 
neck with distilled water. Add three 
drops of the phenolphthalein solution 
to the contents of the flask as an indi- 
cator and titrate with 0.5 N HCl. Run 
two blanks along with the sample, using 
aqueous KOH and the same amount of 
alcohol as was used with the sample. 
These blanks should check, on titration, 
to the first decimal point. Report the 
result as percentage of ester by weight, 
making allowance in the calculations for 
acidity or alkalinity as determined in 
Sections 9 and 10. 

Note l.-~An optional method of weighing the 
sample is in a small weighing bottle, removing 
the stopper by means of a glass rod after intro- 
duction into the pressure bottle or by agitating 
the contents of the pressure bottle. 

Note 2. — Any suitable aqueous alkali may be 
used in place of aqueous KOH. 

Copper Corrosion Test 
Apparatus 

12. The apparatus shall consist of the 
following: 

(a) Flask ~A 300-ml. flask of chem- 
ically-resistant glass with flat bottom 
and vial mouth. 

(b) Glass Condenser . — A 12-in. glass 
condenser with the diameter of the 
condenser tube not less than f in. A 
cork stopper to connect the flask with 
the condenser. 

(c) Copper Strip. —A. copper strip 


2| by I in. made from No. 20 B. & S. 
gage, cold-rolled, polished copper, ap- 
proximate thickness 0.032 in. and hav- 
ing a 3 ^ -in. hole, f in, from one end. A 
piece of soft copper wire about 6 in. in 
length. 

{d) Water Bath . — A water bath of 
convenient size and design. 

Procedure 

13, Polish both sides of the entire 
copper strip, edges excepted, with a 
No. 00. emery cloth immediately before 
using, to avoid discoloration by the 
atmosphere. Fasten a 6-in. length of 
soft copper wire through the hole 
provided near one end of the strip, 
taking care not to touch the strip with 
the fingers after polishing. Place the 
strip in the flask and add 200 ml. of the 
material to be tested. The material 
must not contain separated water; 
filter through a dry filter paper, if 
necessary, to remove water. Connect 
the flask to the vertical reflux condenser 
by means of a properly bored cork 
stopper. It is absolutely necessary that 
a cork, not rubber, stopper be used, 
in order to avoid contamination of the 
material by sulfur from rubber stoppers. 
The copper wire may be allowed to ex- 
tend into the condenser tube for con- 
venience in removing the strip. The 
strip shall be completely immersed and 
should preferably lie flat and touch the 
flask only at the ends of the strip. Place 
the flask in the water bath, which should 
be just gently boiling, and immerse the 
flask to the liquid line of the material 
within the flask. Remove the copper 
strip 30 min. from the time the flask 
was immersed in the bath. Do not 
touch the copper strip, but remove it by 
the wire which has been provided. 
Do not allow the strip to come in contact 
with separated water during any part 
of the test, since water causes bad local 
staining of the copper. If it is desired 
to preserve the strip for future reference, 
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dip it immediately in white shellac or 
lacquer. The sheared edges of the test 
strip shall not be used as a basis for 
judgment; flat surfaces only shall be 
considered. 

Mercury Corrosion Test 
P rocedure 

14. Shake a 10-ml. sample of the 
solvent with 1 ml. of clean mercury in a 
stoppered test tube, and allow to stand 
15 min. The mercury shall show no 
discoloration when compared with a 
blank run with distilled water. 

SULEUR 

Procedure 

15. Sulfur {Hydrogen Sulfide and Sul- 
fur Dioxide) in Benzols, Tolmls, and 
Similar Products . — Make a qualitative 
test for hydrogen sulfide and sulfur 
dioxide at the time of performing the 
distillation test by hanging strips of 
moistened lead acetate paper and starch 
iodate paper on the end of the condenser 
tube. If the lead acetate paper shows 
discoloration, HaS is present but not 
SOa. In this case both papers will 
usually be discolored. If the lead ace- 
tate paper shows no discoloration but 
the starch iodate paper develops a blue 
color, SO 2 is present but not HaS. If 
neither paper shows discoloration, nei- 
ther H'aS nor SO 2 is present. 

Dimethylketone 

Reagents 

16. {a) SodiumThiosulfate{0.05 N ). — 
Prepare a 0.05 N solution of NaaSaOs and 
standardize carefully against KaCraO?. 
For accurate work, standardized burettes 
shall be used and burette corrections 
and temperature corrections applied. 
The 50-ml. burettes with National 
Bureau of Standards certificates are 
recommended, both for the standardiza- 
tion of solutions and for the actual de- 
termination of dimethylketone. 


{b) Iodine {0.1 iV).— -Prepare and 

standardize a 0.1 N iodine solution at 
the time of making a determination. 
Standardize by titrating against the 
0.05 N Na 2 S 203 , 50 ml. of iodine mixed 
with the same amounts of NaOH and 
H 2 SO 4 as are used in the determination 
of dimethylketone. Make the titrations 
in triplicate and use the average of the 
three with burette and temperature 
corrections as the blank in making the 
calculations. 

(c) Sodium Hydroxide {1 N). — Pre- 
pare 1 N NaOH and standardize against 
2 N H 2 SO 4 . 

{d) Sulfuric Acid {2 N ). — Prepare 
2 N H 2 SO 4 and check against 1 N 
NaOH; adjust the strength so that 25 
ml. of the acid will neutralize 50 ml. of 
the NaOH. 

(e) Starch Solution . — Stir 2 to 3 g. of 
^potato starch or 5 g. of soluble starch 
with 100 ml. of 1 per cent salicylic acid 
solution, add 300 to 400 ml. of boiling 
water, and boil the mixture until the 
starch is practically dissolved. Dilute 
to 1 liter. 

Preparation of Sample 

17. Carefully weigh approximately 1.4 
g. of acetone by one of the following 
methods and dilute to 1 liter: 

(a) Blow glass ampoules f to in. in 
diameter, fill them with acetone, and 
seal. Determine the exact weight of the 
sample by the difference in weight of the 
empty and filled ampoule. Reject sam- 
ples varying in -weight by more than plus 
or minus 0.1 g. from 1.4 g. Drop the 
glass ampoules into 500-ml. glass-stop- 
pered bottles containing 200 ml. of 
boiled distilled water and break the 
ampoules by shaking. Carefully crush 
the capillary stem with a glass rod to 
allow thorough washing out of the 
acetone, and dilute the sample and 
combined washings to 1 liter at 20 C. 

{b) A quick easy method is to weigh 
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out 1.75 ml. of acetone from a 2-ml. 
pipette graduated in 0.1 ml. into a 
small glass-stoppered weighing bottle, 
conical shape, capacity 12 to 15 ml. 
This volume will weigh approximately 
1.4 g. Invert the weighing bottle and 
hold the mouth under the surface of 
freshly boiled distilled water in a 1 -liter 
beaker. Remove the stopper under 
water by means of a glass rod with a 
hook on the end. Thoroughly wash 
out the bottle, transfer the water and 
acetone to a 1-liter flask, and dilute to 
the mark at 20 C. 

Procedure 

18. Pipette three 25-ml. aliquots from 
each of three flasks prepared in ac- 
cordance with Section 17(n) or (b) 
into separate 750-ml. Erlenmeyer flasks 
containing 50 ml. each of the 1 N 
NaOH solution. Into each flask, while 
shaking constantly, run 50 ml. of the 
0,1 N iodine. Stopper the flasks and 
allow to stand at about 20 C. (cool- 
ing necessary in warm weather) for 
at least 20 min. At the end of this 
time, pour 26 ml, of the 2 N H2SO4 
into the first flask and titrate im- 
mediately against 0.05 N Na2S203. 
The solution must be acid before 
any Na2S203 is added; otherwise, the 
determination will be ruined. When the 
color of the iodine has almost faded 
out, add starch solution and continue the 
titration until the blue color disappears 
and the bright yellow color of the 
iodoform suspension 4s reached. Read 
the milliliters of Na2S203, apply the 
burette and temperature corrections, 
and subtract the corrected reading from 
the average corrected blank. Calculate 
the percentage of dimethylketone (pure 
acetone) by weight from the f ollowdng 
formula ; 

(b ~ s) X N X 0.967.“; X 40 

A - — . __ 


where: 

A — percentage of dimethylketone 
by weight, 

b = milliliters of Na2S203 for titra- 
„ tion of blank, 

s — milliliters of Na2S203 for titra- 
tion of sample, 

N = normality of Na2S203 and 

W = weight of acetone taken for 
dilution. 

Note. — The following precautions shall be 
observed: 

1. Only boiled distilled water shall be used 
in preparing the solutions and throughout the 
determination. 

2. Standardized glassware shall be used and 
burette and temperature corrections shall be 
applied to all readings. 

3. Weight of sample taken and amount of 
iodine solution used shall be as specified. With 
tliese amounts, the 35 to 40 per cent excess of 
iodine, found to be optimum for completion of 
the iodoform reaction will be present. Use of 
the small glass-stoppered bottle described in 
Section 17(6) with the 2-ml. pipette insures 
uniformity in the weight of sample taken. 

4. The iodine solution shall be added slowly 
and while shaking constantly. The National 
Bureau of Standards calibrated burette with 
fine tip and delivery time of approximately 2 
min, has been found very satisfactory. 

5. A slight excess of acid shall be added just 
before the titration with thiosulfate. Too great 
an excess will give low results. 

Potassium Permanganate Test 

Procedure 

19. (a) For Acetone. — To 100 ml. 
of acetone contained in a 250-ml. glass- 
stoppered container and maintained at 
25 C., add while stirring slightly, 1 ml. 
of 0.1 per cent KMn04 solution. Con- 
duct this test in the dark as sunlight 
appreciably affects the results. 

(b) For Trier esyl Phosphate. — Shake 
a 10-g. sample vigorously for 2 min. with 
50 mi. of a 0.01 N freshly prepared 
solution of KMn04 in distilled water and 
let stand for 30 min. 

Flash Point 

Procedure 

20, Determine the flash point in 
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accordance with the Standard Method 
of Test for Flash Point by Means of the 
Tag Closed Tester (A.S.T.M. Designa- 
tion: D 56) of the American Society for 
Testing Materials.^ 

Volatile Matter in Teicresyl 
Phosphate 

Procedure 

21. Place a 25 -g. sample of the tri- 
cresyl phosphate in a weighed porcelain 
evaporating dish and heat for 3 hr. in 
an oven at 100 to 105 C. The loss in 
weight of the dish and contents is the 
volatile matter of the sample and shall 
be expressed as a percentage of the orig- 
inal sample. 

Free Phenols in Tricresyl 
Phosphate 

Reagents 

22. (a) Sodium Hydroxide Solution 
{2.5 per cent). 

(b) Sodium Bromide- Br ornate Solution 
containing 10.09 g. of sodium bromide 
and 2.95 g. of sodium bromate per liter. 

(c) Potassium Iodide Solution {6 per 
cent). 

(d) Hydrochloric Acid {sp. gr. 1.19). 

{e) Starch Solution (1 per cent). 

if) Sodium Thiosulfate {0.0394 N). 

Procedure 

23. Weigh a 10-g. sample of the 
tricresyl phosphate and transfer to 
a 250-ml. volumetric flask; add 50 ml. 
of NaOH (2.5 per cent) at 65 C. and 
shake the flask vigorously for 3 min. 
Dilute this solution to the 250-mL mark 
and filter. Pipette a 100-ml. portion 
of the filtrate into a 300-ml. flask for 
titration. To the flask add from a 
burette 15 ml. of the sodium bromide- 
bromate solution and then 5 ml. of 
HCl (sp. gr. 1.19). Add the HCl quickly 
and put the stopper in place imme- 
diately. Shake the flask and allow to 


stand for 15 min. Add 10 ml. of the 
potassium iodide solution and titrate 
the solution with the 0.0394 N sodium 
thiosulfate solution, using the starch 
solution as an indicator. Add the 
starch solution near the end of the 
titration. The fading out of the blue 
color marks the end point of the titra- 
tion. The reactions are as follows: 

SNaBr 4- NaBrOs 6HC1 

= 6NaCl -i- 3H2O -f 3Br2 
CHsCjILOH 4- 3Br2 = CHsCeHBraOH 4- 3HBr 

Run a blank titration as described above, 
using the same reagents. 

Calculation 

24. Calculate the percentage of free 
phenols (cresol) as follows: 

C = (a - b ) X 0.00071 X 100 X 2.5 
W 

where: 

C = free phenols (cresol) per cent, 
a — milliliters of Na 2 S 203 for titra- 
tion of the blank, 

b — milliliters of Na 2 S 203 for titra- 
tion of the sample, and 
W — weight of sample (10 g.). 

Toluene (Toluol) Dilution Ratio 
Definition 

25. Toluene {Toluol) Dilution Ratio of 
a solvent is the maximum number of unit 
volumes of toluene that can be added to 
a unit volume of the solvent to just cause 
persistent heterogeneity at a concentra- 
tion of 8 g. of nitrocellulose per 100 ml. 
of combined solvent and toluene. 

Reagents 

26. (a) Toluene {Toluol) conforming 
to the Standard Specifications for Indus- 
trial Pure Toluene (Toluol) (A.S.T.M, 
Designation: D 362) of the American 
Society for Testing Materials.^ 
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(5) Nitrocellulose conforming to the 
Standard Specifications and Tests for 
Soluble Nitrocellulose (A.S.T.M Des- 
ignation: D 301) of the American Soci- 
ety for Testing Materials/ and in 
addition of such quality that, when 
used in determining the toluene dilution 
ratios of normal butyl acetate and 
methyl normal propyl ketone, it will 
give results between the following limits: 

Toluene Dilution 
Ratio 


Normal butyl acetate® 2.73 to 2.83 

Methyl normal propyl ketone** 3.80 to 3.90 


“ The normal butyl acetate, corrected to 90 per cent 
ester, shall conform to the Standard Specifications for 
Normal Butyl Acetate (A.S.T.M, Designation: D 303) of 
tFe American Society for Testing Materials.^ 

The methyl normal propyl ketone shall have a degree 
of purity of over 99 per cent as determined by the hy- 
drosylamine method. 

Important Factors in Conducting Test 

27. (a) Concentration of Nitrocellulose 
at End Point . — The dilution ratio in- 
creases as the solids content of nitro- 
cellulose at the end point becomes less. 
It is therefore necessary to set an arbi- 
trary solids content as part of the defi- 
nition of dilution ratio, and for this pur- 
pose a solids content of 8 g. per 100 ml. 
of solvent plus toluene has been adopted. 

(b) Character of End Point . — The 
end point shall be taken as the first 
evidence of heterogeneity in the solu- 
tion. In the case of a gel end point, a 
time period of 2 min. shall be allowed for 
the gel structure to form. 

(c) Temperature of Test . — The test 
shall be carried out at a temperature of 
25 =fc 1 C. 

Procedure 

28. (a) Drying of Nitrocellulose . — 
Every precaution shall be exercised in 
the drying of nitrocellulose which shall 
be dried by blowing with hot air at a 
temperature under 75 C. until constant 
weight within 1 per cent is obtained. 
Care shall be exercised that the tem- 
perature does not exceed 75 C. It is 


preferable to keep the air at approxi- 
mately 65 C. in order to be safe. 

The material shall be removed from 
the drying apparatus immediately after 
blowing as an explosion may occur when 
the material is not removed promptly 
after the air has been turned off. Glass 
shall not be used for the drying tube 
because of the danger of building up a 
static charge. 

(6) Preparation of Solution.— Th-O, 
probable toluene dilution ratio of the 
solvent shall first be estimated in order 
to make up the initial nitrocellulose 
solution in the proper concentration 
(Note). This may be done by refer- 
ring to published data on similar ma- 
terials or by a preliminary determina- 
tion. A solution shall then be prepared 
using 5 ± 0.01 g. of dry nitrocellulose 
in the amount of solvent as prescribed 
in Table I. 

TABLE I. 

Probable Volume of 

Toluene Solvent per 5 g. 

Dilution of Nitrocellu- 

Ratio lose at 23 rb 3 C. 

1 25.0 ml. 

■ 2 16.7 ml. 

3 12.5 ml. 

4 10.0 ml. 

5 8.3 ml. 

The nitrocellulose shall be weighed 
into a 125-ml. cork-stoppered, tared, 
Erlenmeyer flask, or other suitable con- 
tainer, on an analytical balance, and 
then the volume of solvent indicated in 
the above table shall be added from a 
burette to the nitrocellulose in the flask. 
Care shall be taken to prevent loss of 
solvent by evaporation. The stoppered 
flask shall be shaken or allowed to stand 
until the nitrocellulose is completely 
dissolved before starting titration with 
the toluene. Care shall be taken not 
to wet the stopper with the solution 
during the early stages of the titration. 
When a high concentration of nitro- 
cellulose in solvent is required, disper- 
sion may be more quickly accomplished 
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by adding a portion of the toluene to the 
solvent, which reduces the solids con- 
centration and thus lowers the viscosity 
of the solution and increases the rate of 
dispersion. 

Note.— T his procedure tor preparation of 
the solution is specified in order to avoid run- 
ning a large number of titrations to arrive at a 
solids content of 8 g. of nitrocellulose per 100 
ml. of combined solvent and toluene at the end 
point. 


min. shall elapse between the additions 
of toluene as the end point is ap- 
proached. 

The initial concentration determined 
from Table I has been selected to give 
approximately 10 g. of nitrocellulose 
per 100 ml, of volatiles at the first end 
point. An additional quantity of sol- 
vent shall now be added and the titra- 
tion continued to the final end point, 



Fig. 1. — Volume of Solvent to be Added to Complete Titration versus Volume of Toluene Used to 
Reach First End Point. 


(c) Titration . — The toluene main- 
tained at 25 ± 3 C. shall be titrated 
into the flask in small additions, the 
increments being not over 0.5 ml. as 
the end point is approached. After 
each addition, the flask shall be stop- 
pered and vigorous^ shaken to disperse 
any gel or precipitate thrown down by 
local over-concentration of toluene. 
The end of the titration shall be con- 
sidered to have been reached when the 
first definite evidence of heterogeneity 
persists at 25 ± 1 C. With solvents 
that give a gel end point, a period of 2 


which shall be reached at a solids con- 
centration of 8 ± 1 g. per 100 ml. of 
volatile matter. The correct amount 
of solvent to add to accomplish this 
depends on the amount of toluene that 
was required in the preliminary titra- 
tion. The curve of Fig. 1 is so con- 
structed as to make the volume of sol- 
vent to be added direct-reading when 
the volume of toluene used to reach the 
first end point is known. After the 
addition of the volume of solvent read 
from the curve in Fig. 1, the titration 
shall be completed to the final end point. 
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Calculation® 

29. (a) The dilution ratios and solids 
concentrations at both the preliminary 
and the final end points shall be calcu- 
lated as follows: 


Dilution ratio 


vol. of toluene 


vol. of solvent 
Solids concentration per 100 
ml, of volatile matter 


wt. of nitrocellulose 
vol. of solvent — vol. of toluene 


(6) A graph shall now be constructed 


6 Due to the influence of possible variations in the com- 
position of commercial solvents on the resulting toluene 
dilution ratio, it is recommended that if data obtained by 
this method is to be published, the composition of the 
material under test be stated and the character of the end 
point be mdicaied. 


having dilution ratios for the ordinate 
and solids concentration for the abscissa, 
and the two sets of values calculated as 
above shall be plotted as two points on 
the graph. One of the points shall be 
very close to 8 g. per 100 ml. of volatile 
matter. The correct value at exactly 
8 g. per 100 ml. of volatile matter may 
be interpolated by drawing a straight 
line connecting the two experimentally 
determined points. While the curve 
showing relationship between dilution 
ratio and solids concentration is not 
necessarily a straight line, the error 
made by interpolating or extrapolating 
from the straight line connecting the two 
points is negligible in the proximity of 
8 db 1 g. per 100 ml. of volatile matter. 



Standard Method of Test for 

ELONGATION OF ATTACHED LACQUER COATINGS WITH 
THE CONICAL MANDREL TEST APPARATUS^ 



A.S.T.M. Designation: D 522 - 41 

Adopted, 1941.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 522; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the elongation of attached 
lacquer coatings when applied to fiat 
sheet metal of uniform surface texture. 


Apparatus 

2. The conical mandrel test assembly^ 
illustrated in Fig, 1 shall be used. 

Metal Specimens 

3, (a) The base metal (Note) of the 
specimen upon which the lacquer coating 
is applied shall be cold-rolled steel con- 
forming to the chemical requirements 
of S.A.E. steeh No. 1010, dead soft, 
finish A, in. in thickness. The steel 
used shall conform to the dimensional 
requirements of the Standard Specifi- 
cations for Cold-Rolled Strip Steel 
(A.S.T.M. Designation: A 109) of the 
American Society for Testing Materials.® 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

* Prior to adoption as standard, this method was pub- 
lished as tentative from 1939 to 1941. 

* Blueprints of detailed drawings for the construction 
of this apparatus are available at a nominal cost from 
the Headquarters of the American Society for Testing 
materials, 260 S. Broad St., Philadelphia 2, Pa. 

‘ 1944 S.A.E. Handbook, p. 303. 

* 1944 Book of A.S.T.M. Standards, Part I. 


The dimensions of the base metal shall 
be 4^ in. in width, with a maximum 
length of 7 1 in. and a maximum thick- 
ness of in. The surface preparation 
of the base metal shall be agreed upon 
by the purchaser and the seller. Prior 
to application of the finish those edges 
of the specimen which will be bent in the 
test shall be rounded slightly to remove 
burrs in order to eliminate anomalous 
effects associated with cracking of a 
sharp metallic edge when bent over the 
small end of the mandrel. 

Note. — Other suitable base materials for 
tbe test specimen may be employed. The 
apparatus is designed for testing metal panels 
having a maximum thickness of ^ in. The 
method for calculating the elongation of lac- 
quers applied to base materials other than 
the steel specified in Section 3 is contained in the 
Appendix. 

if}) The lacquer whose elongation is 
to be determined shall be applied to the 
clean base metal panels in such a manner 
that a coating of uniform thickness® is 
obtained. The time between the appli- 
cation of the lacquer and the testing of 

* See papers by P. H, Walker and J. G. Thompson on 
“Some Physical Properties of Paints,” P oceedings. Am. 
Soc. Testing Mats., Vol. 22, Part II, p. 464.(1922) ; and by 
H. G. Arlt, Bell Laboratories Record, Vol. XIV, No. 7, p. 
216 (1936). 
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the specimen, as well as the temperature 
and humidity environment used for 
maturing the lacquer film during this 
period, shall be agreed upon by the 
purchaser and the seller. 

Conditioning and Number of Tests 
4. At least three duplicate specimens 
shall be tested under conditions of tem- 


midity conditions at the time of test 
shall be the same as those at which the 
original determinations were made. 
Unless otherwise specified by the pur- 
chaser and the seller, elongation meas- 
urements shall be made at 77 d= 2 F. 
and 50 ± 5 per cent relative humidity 
after equilibrating to these conditions. 



Fro. L— Conical Mandrel Test Apparatus. 



Fig. 2.— Distance Along Cone and Corresponding Mandrel Size mrstis Percentage Elongation for 
Specimens on Cold-Rolled Steel ^ in. in Thickness. 

peralure and humidity mutually agreed Procedure 

upon by the purchaser and the seller. 5 . with the operating lever of the 
If it is desirable to check elongation val- apparatus in a horizontal position, the 
ues at another time or place, the film test specimen shall be slipped between 
thickness and the temperature and hu- the mandrel and the drawbar with the 
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finish side towards the drawbar and 
rigidly clamped in a vertical position 
adjacent to the mandrel by placing the 
long edge behind the clamping bar in 
such a manner that the panel is always 
set up to the narrow end of the mandrel. 
Two sheets of No. 1 brown Kraft wrap- 
ping paper, substance 30, thoroughly 
lubricated on each side with talc, shall 
be slipped between the specimen and 
the drawbar and held in position only 
by the pressure of the drawbar against 
the paper. The lever shall then be 
moved at uniform velocity to bend the 
specimen approximate!}^ 180 deg. in 


mandrel. The elongation of the finish 
shall then be determined from the plot- 
ted curve in Fig. 2. This curve repre- 
sents the relation between the percentage 
of elongation and the diameter of the 
conical mandrel. The relation between 
the distance along the conical mandrel 
and the corresponding diameter has also 
been plotted on this curve. 

Note: Example . — Suppose a visual exami- 
nation of the finish on the bent cold-rolled steel 
specimens ^ in. in thickness shows that the 
end of the first crack in the coating is at a 
distance of 5 in, from the base of the cone. 
It is merely necessary to refer to Fig. 2 and to 



about 15 sec. Care shall be taken at the 
end of the stroke so as not to unneces- 
sarily deform the specimen. The bent 
surface of the specimen shall be examined 
immediately with the unaided eye for 
cracking. Having determined and suit- 
ably marked the end of the first con- 
tinuous crack starting from the small 
end of the mandrel, which shall be con- 
sidered as the end point, the drawbar 
shall then be brought to the starting 
position and the panel removed from the 


read directly the percentage of elongation of 
the film at the designated distance from the 
base of the cone. A correction for thickness of 
coating shall be added to the elongation as 
determined from Fig. 3. If the film thickness 
were 0.002 in., from Fig. 2 the elongation 
at S in. from the base of the cone is 5.2 per cent. 
From Fig. 3 the correction to be added per 
0.001 in. of coating is 0.305 per cent at 5 in. from 
the base of the cone. Thus, when the total 
film thickness is 0.002 in., the actual percentage 
elongation at 5 in. is 5.2 ■+• 2 (0.305) which 
equals 5.8 per cent. The film thickness of the 
coating shall be determined either with a 
calibrated dial, a microscope scratch method, or 
any other suitable method. 


(See Appendix, p. 1066) 
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APPENDIX 


Assuming elastic conditions of the base 
material (which, of course, is not the case but is 
useful in establishing a limiting condition), the 
theoretical elongation for each mandrel size 
can be calculated. Under this assumption the 
moduli of elasticity for tension and compression 
are equal in magnitude and the neutral plane 
(that is, the plane where the bent bar is neither 
elongated nor compressed) is at the centroidal 
axis of the specimen. In a bar having a thick- 
ness, i, bent around a mandrel of radius, r, .the 
neutral plane would be located at a distance 


^ V2 X 100 

Elongation, per cent = — — r-- 

7r(f -i- i/i) 

t 

Elongation, per cent = - — -- X 100 
2r -j- ^ 


Using this formula, the theoretical elongation 
(under elastic conditions) at the surface of the 
specimen can be calculated for any thickness of 
specimen and mandrel size, resulting in the 
following values for three specimen thicknesses 
and six mandrel sizes: 



Fig. 4. — Jig for Determining Elongation of Bent Metal Specimens. 


f/2 from the surface of the bar, and the perim- 
eter of the bent section along the neutral 
axis, assuming the specimen to be bent through 
180 deg., is equal to ■f (r 4- 1/2). At the upper 
surface of the bar, the perimeter would be equal 
to x(r -}- 0) and the elongation of the bar at the 
surface would be: 

Elongation = Tr{r + t) — ir(r -f t/2) 

Elongation = ’r(//2) 

and the percentage elongation at the surface 
would be: 



Actually the specimens are elongated con- 
siderably past their elastic limit, so that the 
elongations obtained with the mandrel test are 



1067 


Test for Elongation of Lacqxtm Coatings (D 52'2-41) 


considerably higher than the values calculated 
above. Since it is impossible to calculate the 
position of the neutral plane when the elastic 
limit has been exceeded, a special jig should be 
used to measure the elongation directly. 

This jig (Fig. 4) consists of two forks for 
holding the mandrel and specimen in position 
and a roller with which the specimen is tightly 
wrapped around and held against the mandrel. 

Method of Measuring Elongation leith Jig — 
Two parallel gage scratches shall be made with a 
sharp stylus on the edge of the specimen and so 
located that when it is wrapped around the 
mandrel the included angle between the scratches 
will be approximately 180 deg. In locating 
the scratches, it is necessary to make sure that 
they will be within the section of the specimen 
which after bending is lightly wrapped against 
the mandrel. Having located the scratches, 
the linear distance between them shall be 
measured to within 0.0002 cm.'' The specimen 
shall then be clamped in the jig and the roller 
brought down tight against it. The roller 
shall then be drawn around causing the speci- 
men to be tightly wrapped and secured against 
the surface of the mandrel. In order to hold 
the jig in this position the forks shall be held 
together with a C-clamp. I'he clamped jig 

1 A star comparator is suitable for this purpose. 


shall then be rigidly mounted on the table of 
the measuring machine.' Each of the gage 
scratches shall then be made to coincide with 
the vertical cross hair of the measuring eye- 
piece while the horizontal cross hair is tangent to 
the curvature of the upper surface of the speci- 
nren. The angle reading shall be taken at each 
of these points. The difference between the 
two angle readings is a measure of the included 
angle formed by the two gage scratches and the 
radii drawn coincident with the scratches. The 
angle readings shall be read in minutes and sec- 
onds to a precision of plus or minus 5 sec. The 
total diameter of the mandrel and the bent 
specimen shall also be determined. From these 
data the percentage elongation at the surface 
of the specimen may be calculated as follows: 


L = — r 
180 

Elongation, per cent = ^ X 100 

d 


where: 

a = angle in degrees, 

Z, == arc length, 

r = radius of curvature for S 3 'stem (mandrel 
radius -f- /), and 

d = original distance between scratches. 


Standard Methods of 

TESTING NITROCELLULOSE CLEAR LACQUERS AND 
LACQUER ENAMELS' 



A.S.T.M. Designation: D 333 - 40 
Adopted, 1937; Revised, 1940.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 333; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for testing nitrocellulose clear lacquers 
and lacquer enamels. 

Weight per Gallon 

2. (a) The weight in pounds per U. S. 
gallon shall be obtained by multiplying 
the specific gravity by 8.32. The spe- 
cific gravity shall be determined by any 
convenient method that is accurate to 
three significant figures, the temperature 
of both sample and water being 20 C. 

(6) Mobile Liquids . — For sufficiently 
mobile liquids, a convenient apparatus 
is an accurately calibrated volumetric 
flask. 

(c) Viscous Materials . — For very vis- 
cous materials which cannot be conven- 
iently introduced into a volumetric 
flask, any convenient vessel of known 
capacity may be used. A suitable 
apparatus is described in the Standard 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Prior to adoption as standard, these methods were 
published as tentative from 1931 to 1937, being revised 
In 1932, 1933, and 1934. 


Method of Test for Specific Gravity of 
Road Oils, Road Tars, Asphalt Cements, 
and Soft Tar Pitches (A.S.T.M. Designa- 
tion: D 70) of the American Society for 
Testing Materials.® 

Drying Time 

3. The sample and a mutually agreed 
upon reference standard shall be flowed, 
without thinning, crosswise on a clean 
4 by 8-in. glass plate, in a location free 
from draft, and examined for drying at 
specified periods such as 3 min., 15 
15 min., 1 hr., and 24 hr. The drying 
shall be judged by touching or pressing 
the films with the finger at approxi- 
mately the same points. 

Gloss 

4. A panel for the gloss test shall be 
prepared by pouring the sample and a 
mutually agreed upon reference standard 
on an opaque, mutually agreed upon sur- 
face in such a manner that the two mate- 
rials flow together along an adjacent edge. 
The panel shall be examined for gloss 

’ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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after 24 hr. A convenient method of 
determining apparent gloss is to hold 
the test panel at an angle of incidence 
approaching 180 deg, to a source of 
artificial light and to note the compara- 
tive sharpness of the definition of the 
image (for example, the lamp filament). 

Homogeneity 

5. The sample shall be thinned with 
the thinner recommended, in the pro- 
portions recommended. The thinned 
sample shall be flowed on a glass panel 
and dried in a dust-free atmosphere. 
The panel shall be examined by re- 
flected and transmitted light for pigment 
dispersion and freedom from particles 
of foreign matter. 

Print Test 

6. (a) The test panel for the print 
test shall be prepared in a manner 
agreed upon by the purchaser and the 
seller. The test panel shall be covered 
with two pieces of ordinary cheesecloth 
over which shall be placed a piece of 
felt about in. in thickness. A known 
uniform pressure shall then be applied 
to the felt over a circular area of at 
least 1 in. in diameter for a given length 
of time. The time allowed for the lac- 
quer to dry before applying the pressure 
shall also be mutually agreed upon. 

(6) Tests shall be made under definite, 
mutually agreed upon conditions of tem- 
perature and humidity, or, if this is not 
possible, a test on a reference standard 
shall be made at the same time. 

Outdoor Exposure 

7. At least two test panels shall be 
exposed outdoors on an exposure rack, 
in full sunlight, at an angle of 45 deg. 
from the vertical, facing south, and 
examined at regular intervals for color, 
gloss, etc., and compared with a reference 


standard panel prepared and exposed in a 
manner agreed upon by the purchaser 
and the seller. 

Nonvolatile Matter 

8. (a) Into a flat-bottom metal or glass 
dish containing a stirring rod, 4 to 6 g. 
of the sample to be tested shall be 
weighed in such a manner as to minimize 
the loss of volatile solvents. Then 
100 ml. of acetone shall be added and 
stirred until solution of the material is 
complete, and 10 ml. of water added 
slowly, while stirring vigorously. The 
solution shall be evaporated to dryness 
over a hot water bath and then heated 
for 1 hr. in an oven at 100 to 105 C., 
allowed to cool 20 min. in a desiccator, 
and weighed. (The dish should be 
covered in such a manner as to allow 
solvents to escape and exclude con- 
tamination by dirt in the atmosphere.) 
If the precipitate or residue is lumpy, 
it shall be redissolved in the solvent 
combination, and precipitated again 
with water. 

(b) The method of determining non- 
volatile matter in varnishes, as described 
in Sections 7 and 8 of the Standard 
Methods of Testing Oleoresinous Var- 
nishes (A.S.T.M. Designation: D 154) 
of the American Society for Testing 
Materials,® may be used if agreed upon 
by the purchaser and the seller, with 
the additional requirement that the 
sample shall be reheated and reweighed 
until the weight is constant to within 

0.001 g. 

Consistency 

9. (a) Apparatus . — The consistency 
cup shall be so designed as to deliver 
50 ml. of the sample in from 30 to 100 
sec. A suitable design is shown in 
Fig. 1. 
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Fig. 1. — Consistency Cups and Apparatus 
Assembly for Testing Lacquers and 
Lacquer Enamels. 

Note 1.— Four consistency cups constitute a set, as 
follows: 

Diameter of Orifice, in. 

First cup 0.07 ± 0.0001 

Second cup 0.I0± 0.0001 

Third cup ft. 15 ± 0.0001 

Fourth cup 0. 25 ± 0.0001 

Note 2.— Cups made of brass or bronze Orifice disfes 
made of 18 per cent chromium, 8 per cent nickel stainless 
steel. The diameter of the orifice pressed in the cup shall 
be stamped on the cup. 

Note 3.— Fractional dimensions subject to permissible 
variations of plus or minus 0.01 in., unless otherwise 
specified. 


(6) Procediire . — The sample to be 
tested and the consistency cup shall be 
brought to a temperature of 25 C. 
(preferably by means of a thermostat). 
The consistency cup shall then be 
mounted in the clamp provided for the 
purpose and the receiving cylinder 
placed in position. With the outlet 
of the cup closed by means of the finger, 
the sample shall be poured into the cup 
until it is filled to overflowing. The 
excess shall then be struck off with a 
straight edge, the finger over the outlet 
removed and the sample allowed to flow 
into the receiving cylinder. The num- 
ber of seconds from the time the finger 
is removed from the orifice until the top 
of the meniscus reaches the 50-mL 
mark on the cylinder shall be determined 
by a stop watch and shall be recorded 
as the consistency of the material. 



Standard Methods of 

TESTING SOLUBLE NITROCELLULOSE BASE SOLUTIONS^ 



A.S.T.M. Designation: D 365 - 39 
Adopted, 1939.* 

This Standard of the American Society for Testing Materials is issued under 
the fi.xed designation D 365; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the pro- 
cedures for testing of soluble nitro- 
cellulose base solutions v/hich are made 
by dispersing various kinds and con- 
centrations of soluble nitrocellulose in 
various solvent mixtures. 

Basis of Purchase 

2. Since the desired specifications and 
compositions of soluble nitrocellulose 
base solutions vary greatly, the limits 
desired for each particular type shall 
be agreed upon by the purchaser and 
the seller. 

Sampli g 

3. Samples shall be taken from not 
less than 10 per cent of each lot in the 
shipment. These samples shall then 
be composited to represent each lot or 
batch. 

Consistency (Viscosity) 
Consistency Tests 

4. {a) For Consistencies of 3 to 500 
sec. — The falling-ball consistency test 
apparatus and procedure described in 
Sections 10 to 12 of the Standard 


Specifications and Tests for Soluble 
Nitrocellulose (A.S.T.M. Designation: 
D 301) of the American Society for 
Testing Materials® shall be used to 
determine the consistency .of those 
solutions having a consistency from 3 to 
500 sec. when tested in that apparatus. 

(b) For Consistencies Less than 3 
sec. — The consistency test apparatus and 
procedure described in Section 9 of the 
Standard Methods of Testing Nitro- 
cellulose Clear Lacquers and Lacquer 
Enamels (A.S.T.M. Designation: D 333) 
of the American Society for Testing 
Materials® shall be used to determine the 
consistency of those solutions having a 
consistency of less than 3 sec. when 
tested in the falling-ball apparatus 
referred to in Paragraph (c). 

(c) For Consistencies Over 500 sec . — 
The apparatus and procedure described 
in Sections 5 and 6 shall be used to 
determine the consistency of those solu- 
tions having a consistency greater than 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Prodlucts. 

* Prior to adoption as standard, these methods -were 
published as tentative from 1933 to 1939, being revised in 
1939. 


» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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500 sec. when tested in the falling-ball 
apparatus referred to in Paragraph (a). 

Apparatus 

5. The consistency test apparatus, 
shown in Fig. 1, shall consist of the 
following: 

(a) Glass Tube.— A glass tube (pref- 
erably resistant glass) 2 ± in. 
(50.8 ±1.0 mm.) in inside diameter and 
10 in. in length, with marks 5 ± ^ in. 
(177 ± 1 mm.) apart, the upper one 
being 3 in. (76.2 mm.) from the top of 
the tube. 



Fig. 1. —Apparatus for Consistency (Viscosity) 
Test of Solutions Having Consistencies over 
500 sec. 

(5) Steel Ball . — A f-iu. steel ball, 
0.625 ± 0.001 in. (15.88 ± 0.02 mm.) 
in diameter, and weighing 16.536 ± 

0.10 g. 

(c) Aluminum Guide Cone.— A guide 
cone of light gage aluminum (approxi- 
mately 0.02 in. in thickness) as shown in 
Fig, 1. The orifice of the guide cone 

•1 Pyrex glass is very satisfactory for this purpose. 


shall be | in. in diameter, the conical 
portion 1 in. in height, the cylindrical 
portion | in, in height, and the outside 
diameter shall be slightly under 2 in, so 
as to fit snugly into the viscosity tube. 

{d) Stoppers.—^io'p'peTS made prefer- 
ably of rubber and covered with tin foil. 

Procedure 

6. {a) The tube shall be filled in any 
convenient manner whereby bubbles 
do not form and no appreciable amount 
of solvent is lost. Among other methods 
this can be done by immersing the lower 
end of the open tube in the solution and 
applying suction at the upper end of the 
tube. In this manner the tube can be 
filled in from 5 to 10 sec. without the 
introduction of air bubbles or an ap- 
preciable loss of solvent. The bottom 
of the tube shall then be closed with a 
stopper covered with tin foil. The 
aluminum guide cone shall be pushed 
slowly into the top of the tube and a 
stopper covered with' tin foil inserted 
into the top of the guide. 

{h) The tube and its contents shall 
be brought to a temperature of 25 
± 0.1 C. by placing in a suitable bath. 
At least 30 min. shall be allowed for the 
solution to reach temperature equilib- 
rium. For accurate measurements the 
tube shall be kept during the determina- 
tion either in a thermostat or suspended 
within a considerably larger cylinder of 
water at the specified temperature. 

(c) The upper stopper shall be re- 
moved only long enough to place the 
ball in the center of the tube; this can 
be done conveniently with crucible tongs. 
The principal value of the guide cone is 
to retard the ball sufficiently at the start 
of its fall so that the solution will close 
over the ball and not leave on the top 
of the ball a large “trailer bubble,” If 
the guide is not used a big trailer bubble 
usually accompanies the ball, retarding 
its fall and, if the bubble is off center on 
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the ball, pulling the latter away from the 
center of the tube. 

{d) The time of fall in seconds shall 
be measured from the instant the bottom 
of the ball is level with the upper refer- 
ence mark on the tube until it reaches 
the lower mark on the tube. 

Note. — The steel ball can be removed (in 
order to leave the same material in the tube for 
a check run) by removing the lower stopper. 
However, a small air bubble is usually intro- 
duced in this way. It is preferable to invert 
the tube, removing the guide to get the ball 
out. It is often necessary to put a few drops of 
solvent in the guide lip to loosen it from the 
tube on account of the solution drying at the 
edge of the tube. When the latter method is 
used for removing the l^all, a larger bubble 
traverses the tube than when the former 
method is used, but a large bubble moves suffi- 
ciently fast, even in a very viscous solution, to 
escape at the top in a few minutes, whereas 
small bubbles take hours to escape. 

Nonvolatile Matter 
Procedure 

7. The percentage of nonvolatile 
matter shall be determined in accordance 
with the procedure described in Section 
8 of the Standard Methods of Testing 
Nitrocellulose Clear Lacquers and Lac- 
quer Enamels (A.S.T.M. Designation: 
D 333) of the American Society for 
Testing Materials 

Appearance of Solution 
Procedure 

8. The appearance of the soluble 
nitrocellulose base solution shall be com- 
pared with a reference standard agreed 
upon by the purchaser and the seller 
(both the reference standard and sample 
solutions shall be thoroughly agitated 
before making observations) in similar 
bottles for turbidity, hair, grain, and 
insoluble matter. 

Depth of Color 

Apparatus 

9. The apparatus used for the prep- 
aration of the color standards and for 


the depth of color determinations shall 
consist of the following: 

(а) Light. — Source of transmitted 

light.® 

(б) Bottles. — Three dozen 2-oz. screw- 

cap, square, glass bottles. 

(c) Flasks. — Several 1-liter volu- 

metric flasks. 

(d) Burettes. — Two 50-ml. burettes. 

(e) Balance. — ^An analytical balance. 

(/) Colorimeter. — Dubosq color- 
imeter.® 

(g) Color Glass. — A piece about 25 
mm. square and 10 mm. thick 
of Corning glass, signal yellow 
No. 330. 

Special Solutions Required 

10. (a) Potassium Platinic Chloride 
(KaPtClo), c.p. 

{b) Cobalt Chloride (CoCls-bHaO), 
c.p. 

(c) Hydrochloric Acid {sp. gr. 1.19). 

{d) Caramel (sugar coloring). 

(e) Phenol. 

Preparation of Color Standards 

11. (a) Platinum - Cobalt Color Stand- 
ards. — The platinum - cobalt color stand- 
ards shall be prepared as follows: Weigh 
out on an analytical balance exactly 
1,246 g. of c.p. potassium platinic chloride 
(KsPtCle) and 1.000 g. of c.p. crystallized 
cobalt chloride (CoCh-OHoO). Dissolve 
in distilled water, add 100 ml. of HCl 
(sp.gr. 1.19), and dilute to 1000 ml. with 
distilled water. This solution is color 
standard No. 10.® Prepare color standards 
Nos. 1 to 10, inclusive, by accurately 
measuring from burettes directly into the 
square 2-oz. bottles the quantities shown 
in Table I of the No. 10 color standard 
and distilled water. After preparation 
of the color standards the bottles shall be 


6 Not absolutely necessary, but will increase accuracy 
and be more convenient. 

* This solution has an assigned value of 500 on the 
Hazen color scale, see American Chemical Journal, Vol. 
XIV,p.300. 
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sealed with corks and paraffin before put- 
ting on the screw caps. The platinum - 
cobalt color standards are permanent for 
approximately six months. The color 
standards from No. 12 to No. 500, inclu- 
sive, shall be made from a caramel solu- 
tion, but the color is based on the 
platinum - cobalt color standard. 


TABLE I. — PLATINUM-COBALT COLOR 
STANDARDS. 


Platinum-Cobalt Color 
Standards 

Quantity 
of No. 10 
Color 
Standard, 
ml. 

Quantity 

of 

Distilled 

Water, 

ml. 

No. 1 

5 

45 

No. 2 

10 

40 

No. 3 

15 

35 

No. 4 

20 

30 

No. 5 

25 

25 

No. 6 

30 

20 

No. 7 

35 

15 

No. 8 

40 

10 

No. 9 

45 

5 

No. 10 

50 

0 



(&) Caramel Color Standards . — The 
caramel color standards shall be pre- 
pared as follows: Dilute caramel (sugar 
coloring) in the ratio of about 1 ml. of 
caramel to 100 ml. of distilled water in a 
glass vessel. Add 0.5 per cent phenol 
and agitate thoroughly. Adjust the 
concentration of this solution so that 
when it is diluted in the ratio of 1 ml, of 
solution to 49 ml. of distilled water, to 
which has been added 0.5 per cent 
phenol, the solution will match color 
No. 10 of the platinum - cobalt color 
standard. This caramel solution before 
dilution is color No. 500 (Note). Pre- 
pare color standards No. 12 to No. 500, 
inclusive, by accurately measuring from 
burettes directly into the square 2-oz. 
bottles the quantities shown in Table 
II of color No. 500 caramel standard 
and distilled water to which has been 
added 0.5 per cent phenol. After prep- 
aration of the color standards, the 
bottles shall be sealed with corks and 


paraffin before putting on the screw caps. 
All of the caramel color standards are 
permanent for approximately one month 
but should be checked semimonthly. 

Note. — It is more convenient to check the 
caramel color standard No. 500 against a colored 
glass which has been previously standardized 
against the platinum - cobalt color standard; a 
piece of glass about 25 mm. square by 10 mm. 
thick of signal yellow No. 330 manufactured by 
the Corning Glass Works may be standardized 
and used as a check on the caramel solution. 
This must be done by use of a colorimeter. 


TABLE II. — CARAMEL COLOR STANDARDS. 


Caramel Color Standards 

Quantity 
of No. 500 
Caramel 
Color 
Standard, 
ml. 

Quantity 

of 

Distilled 
Water plus 
Phenol, 
ml. 

No. 12 

1.2 

48.8 

No. 15 

1.5 

48.5 

No. 20 

2.0 

48.0 

No. 25 

2.5 

47.5 

No. 30 

3.0 

47.0 

No. 35 

3.5 

46.5 

No. 40 

4.0 

46.0 

No. 45 

4.5 

45.5 

No. 50 

5.0 

45.0 

No. 60 

6.0 

44.0 

No. 70 

7.0 

43.0 

No. 75 

7.5 

42.5 

No. 80 

8.0 

42.0 

No. 90 

9.0 

41.0 

No. 100 

10.0 

40.0 

No. 125 

12.5 

37.5 

No. 150 

15.0 

35.0 

No. 175 

17.5 

32.5 

No. 200 

20.0 

30.0 

No. 250 

25.0 

25.0 

No. 300 

30.0 

20.0 

No. 350 

35.0 

15.0 

No. 400 

40.0 

10.0 

No. 450 

45.0 

5.0 

No. 500 

50.0 

0.0 


Procedure 

12. A square 2-oz. glass bottle shall 
be filled with the material to be tested 
and this shall be matched against one 
of the color standards using either direct 
daylight or indirect artificial transmitted 
light, the latter being preferred. The 
number of the color standard matched 
is the depth of color of the material. 



Standard Methods of 

CHEMICAL ANALYSIS OF WHITE LINSEED OIL PAINTS* 



A.S.T.M. Designation: D 215 -41 
Adopted, 1929; Revised, 1935, 1937, 1941.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 215; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover the proce- 
dures for the chemical analysis of the 
usual white linseed oil paints. 

Preparation of Sample 

2. On receipt of a sample, make a 
record of the label, noting especially the 
brand, the name of the manufacturer, 
and any statement as to the composition 
of the paint and the net contents. 
Weigh the unbroken package, open, note 
odor and condition of the contents, pour 
into a clean container, and mix thor- 
oughly by pouring from one container 
to the other, finally leaving the well- 
mixed sample in the second container, 
which shall be tightly closed. The well- 
mixed sample shall be used at once for 
the analysis. The original can and 
cover may be cleaned with gasoline, 
wiped dry, and then weighed. This 
weight subtracted from the original 
weight will give tlie net weight of the 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

’ Prior to adoption as standard, these methods were 
published as tentative from 1925 to 1929, being revised in 
1927, 1928, and 1929. 


contents. If desired, the specific grav- 
ity of the paint may be determined and 
the weight per gallon calculated, and 
the volume of paint and the capacity of 
the container may be measured. 

Reagents 

3. {a) Extraction Mixture. — Mix 10 
volumes of ether (ethyl ether), 6 volumes 
of benzol, 4 volumes of methyl alcohol, 
and 1 volume of acetone. 

(6) Aqueous Sodium Hydroxide. — Dis- 
solve 100 g. of NaOH in distilled water 
and dilute to 300 ml. 

(c) AlcoJiolic Sodium Hydroxide Solu- 
tion. — Dissolve pure NaOH in 95 per 
cent ethyl alcohol in the proportion of 
about 22 g. per 1000 ml. Let stand in a 
stoppered bottle. Decant the clear 
liquid into another bottle and keep well 
stoppered. This solution should be 
colorless or only slightly yellow when 
used. It will keep colorless longer if the 
alcohol is previously treated with NaOH 
(about 80 g. to 1000 ml.), kept at about 
50 C. for IS days, and then distilled. 

(d) Wijs Solution. — Dissolve iodine in 
glacial acetic acid that has a melting 
point of 14.7 to 15 C. and is free from 
reducing impurities, in such proportion 
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that 13 g. of iodine will be present in 
1000 ml. of solution. The preparation 
of the iodine moiiochloride solution pre- 
sents no great dfficulty, but it shall be 
done with care and accuracy in order to 
obtain satisfactory results. There shall 
be in the solution no sensible excess 
either of iodine or more particularly of 
chlorine over that required to form the 
monochloride. This condition is most 
satisfactorily attained by dissolving in 
the whole of the acetic acid to be used 
the requisite quantity of iodine, using a 
gentle heat to assist the solution if neces- 
sary. Set aside a small portion of this 
solution while pure and pass dry chlorine 
into the remainder until the halogen 
content of the solution is doubled. 
Ordinarily it will be found that by pass- 
ing the chlorine into the main part of the 
solution until the characteristic color of 
free iodine has just been discharged, 
there will be a slight excess of chlorine, 
which is corrected by the addition of the 
requisite amount of the unchlorinated 
portion until all free chlorine has been 
destroyed. A slight excess of iodine 
does little or no harm, but excess of 
chlorine must be avoided. 

(e) Standard Sodium Thiosulfate Solu- 
tion . — Dissolve pure sodium thiosulfate 
in distilled water (that has been well 
boiled to free it from carbon dioxide) in 
the proportion of 24.83 g. of Na 2 S 203 ‘ 
SH 2 O to 1000 ml. of the solution. It is 
best to let this solution stand for about 
two weeks before standardizing. Stand- 
ardize® with pure resublimed iodine, pure 
potassium bi-iodate, or pure KIO3. 
This solution will be approximately 
0.1 N, and it is best to leave it as it is 
after determining its exact iodine value, 
rather than to attempt to adjust it to 
exactly 0,1 N. Preserve in a stock 
bottle provided with a guard tube filled 
wdth soda lime. 


s Treadwell-I-Iall, "Analytical Chemistry,” Vol. 2. 


(/) Starch Solutmi-Siir up 2 to 3 g. 
of potato starch or 5 g. of soluble starch 
with 100 ml. of salicylic acid solution 
(1 per cent), add 300 to 400 ml. of boil- 
ing water, and boil the mixture until the 
starch is practically dissolved, then 
dilute to 1 liter, 

(g) Potassium Iodide Solutmi. — Dis- 
solve 150 g. of KI free from KIOs in 
distilled water and dilute to 1000 ml. 

(h) Acid Ammonium Acetate Solu- 
tion . — Mix 150 ml. of 80 per cent acetic 
acid, 100 ml. of v/ater, and 95 ml. of 
NH4OH (sp. gr. 0.90). 

{i) Ammonium Polysulfide . — Pass 
H 2 S gas into 200 mi. of NH4OH (sp. 
gr. 0.90) in a bottle immersed in running 
water or in iced water until the gas is 
no longer absorbed; then add 200 ml. of 
NH4OH (sp. gr. 0.90) and dilute with 
water to 1000 ml. Digest this solution 
with 25 g. of flowers of sulfur for several 
hours and filter. 

(7) “iecd Acidd ^ — Mix 300 ml. of 
H 2 SO 4 (sp. gr. 1.84) and 1800 ml. of 
distilled water. Dissolve 1 g. of c. p. 
lead acetate in 300 ml, of distilled water 
and add this to the hot solution, stirring 
meanwhile. Let stand at least 24 hr. 
and siphon through a thick asbestos 
filter. 

(ife) Potassium Permanganate Solution. 
— Dissolve 3.2 g. of pure KMn 04 in 1 
liter of distilled water, let stand 8 to 14 
days, siphon off the clear solution (or 
filter through an asbestos filter), and 
standardize against National Bureau of 
Standards’ standard sample 4Qc of 
sodium oxalate as follows: In a 400 ml. 
beaker dissolve 0.25 to 0,30 g. (accu- 
rately weighed) of sodium oxalate in 250 
ml. of hot water (80 to 90 C.) and add 
15 ml. of diluted sulfuric acid (1:1). 
Titrate at once with the KMn 04 
solution, stirring the liquid vigorously 
and continuously. The KMn 04 must 
not be added more rapidly than 10 to 
IS ml. per min,, and the last 0.5 to 1 ml. 
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must be added drop by drop with par- 
ticular care to allow each drop to be 
fully decolorized before the next is in- 
troduced. The temperature of the solu- 
tion should not be below 60 C. by the 
time the end point is reached. (Too 
rapid cooling may be prevented by 
allowing the beaker to stand on a small 
asbestos-covered hot plate during the 
titration. The use of a small ther- 
mometer as a stirring rod is most con- 
venient.) The weight of sodium oxalate 
used multiplied by 0.833 gives its iron 
equivalent. The KMn 04 solution 
should be kept in a glass-stoppered bottle 
painted black to keep out light. 

The iron (Fe) value of the IvMnOi 
multiplied by 1.076 theoretically equals 
its antimony (Sb) equivalent. How- 
ever, for use in determining antimony, 
the KMnO .4 is best standardized as fol- 
lows : To 0.25 g. of pure metallic antimony 
in a 500-ml. resistant glass Erlenmeyer 
flasks'^ add 12 to 15 ml. of H 2 SO 4 (sp. gr. 
1.84) and 10 to 12g. of K 2 SO 4 . Heat until 
all the antimony is dissolved, cool, dilute 
to 250 ml. with water, add 20 ml. of HCl 
(sp. gr. 1.19), cool to 10 to 15 C., and 
titrate with the KMn 04 solution until a 
faint pink color is obtained. For special 
work, after digesting, dilute to 100 ml. 
with water, add 1 to 2 g. of NaoSOg, and 
boil until all the SO 2 is expelled. This 
is shown when no blue color is obtained 
with starch-iodate paper (see below) ; 
the volume will be reduced about one- 
half. Dilute to 250 ml. with water, add 
20 ml. of HCl (sp. gr. 1.19), and com- 
plete as described. 

(1) Standard Potassiimi Ferrocyanide. 
— Dissolve 22 g. of pure K 4 Fe(CN) 6 * 
3 H 2 O in water and dilute to 1000 ml. 
To standardize, transfer about 0.2 g. 
(accurately weighed) of pure metallic 
zinc or freshly ignited pure zinc o.xide 
to a 400-ml. beaker. Dissolve in 10 ml. 


of HCl (sp. gr. 1.19) and 20 ml. of water. 
Drop in a small piece of litmus paper, 
add NH4OH until slightly alkaline, then 
add HCl until just acid, and then 3 ml. 
of HCl (sp. gr. 1.19). Dilute to about 
250 ml, with hot water and heat nearly 
to boiling. Run in the K 4 Fe(GN )6 solu- 
tion slowly from a burette, while stirring 
constantly, until a drop tested on a white 
porcelain plate with a drop of the uranyl 
indicator show's a browm tinge after 
standing 1 min. A blank should be 
run with the same amounts of reagents 
and water as in the standardization. 
The amount of K 4 Fe(CN )6 solution re- 
quired for the blank should be subtracted 
from the amounts used in standardiza- 
tion and in titration of the sample. The 
standardization must be made under the 
same conditions of temperature, volume, 
and acidity as obtained when the sample 
is titrated. 

(m) Uranyl Indicator for Zinc Titra- 
tion . — A solution of uran 3 d nitrate (5 per 
cent) in W'ater or a solution of uranyl 
acetate (5 per cent) in w'ater made 
slightly acid wdth acetic acid. 

(») Alkaline Lead Nitrate Solution . — 
Into 100 ml. of KOH solution (56 g. in 
140 ml. of water) pour a saturated solu- 
tion of Pb(N 03)2 (250 g. in 500 ml. of 
water) until the precipitate ceases to re- 
dissolve, stirring constantly while mix- 
ing. Let settle, filter through asbestos, 
and dilute the clear filtrate with an equal 
volume of water. About three volumes 
of the Pb(N 03)2 solution will be required 
for one volume of the KOH. 

( 0 ) Ammoniacal Cadmium Chloride 
or Zinc Sulfate Solution . — Dissolve 8g. 
of CdCl 2 - 2 H 20 in 200 ml. of water and 
add 200 ml. of NH4OH (sp. gr. 0.90), or, 
dissolve 200 g. of ZnSOi -71-120 in 1080 
ml. of water and 920 ml. of NTLOH 
(sp. gr. 0.90). 

(p) Standard Potassium lodate Solu- 
tion . — Dissolve 3.6 g. of KIO 3 and 39 g. 
of El in 1000 ml. of water. For general 


< Pyrex glass is very sa'.isfactory for this purpose. 


1078 


Chemical Analysis of White Paints (D 215 - 41) 


work the theoretical sulfur titer of this 
solution should be used; for special work, 
the solution may be standardized against 
like material, such as a lithopone of 
known sulfide sulfur content. The theo- 
retical titer is based on standard Na 2 C 204 
and is obtained as follows: To 300 ml. of 
water in a 600-ml. flask, preferably glass 
stoppered, add 10 ml, of HCl (sp. gr. 1.19) 
and 1 g. of KI. Cool and add 10 ml, of 
0.1 iV KMnO^ solution which has been 
standardized against Na 2 C 204 . Swirl 
gently, stopper, and let stand for 5 min. 
Titrate the liberated iodine with stand- 
ard NaaSaOs solution until the color 
fades. Then add 10 ml. of starch solu- 
tion and continue the titration until the 
blue color is destroyed. Repeat the 
titration, except to substitute 10 ml. of 
the KlOa solution for the KMn 04 solu- 
tion. Calculate the normality of the 
KIOs solution. 

(q) Starch Indicator for Stdjur Titra- 
tion. — (1) To 1000 ml. of boiling water, 
add a cold suspension of 6 g. of starch in 
100 ml. of water and boil vigorously for 
5 min. Cool the solution, add 6 g. of 
ZnCls dissolved in 50 ml. of cold water, 
thoroughly mix and set aside for 24 hr. 
Decant the clear supernatant liquid into 
a suitable container, add 3 g. of KI, and 
mix thoroughly. (2, Optional.) Pre- 
pare an emulsion of 6 g. of soluble starch 
in 25 ml. of water, add a solution of 1 g. 
of NaOH in 10 ml. of water, and stir the 
solution until it gelatinizes. Dilute to 
1000 ml. with water, add 3 g. of KI, and 
mix thoroughly. 

(r) Starch-Iodate Paper. — Impregnate 
filter paper with a solution obtained by 
heating 2g. of starch with 100 ml. of 
water, and, after solution, adding 0.2 g. 
of KIO3 dissolved in 5 ml. of water. 

{s) Standard Iodine Solution forSOz . — 
Place 15 to 20 g, of pure KI in a liter 
flask, dissolve in as little water as 
possible, and then add about 6,4 g. of 
resublimed iodine. Shake until the 


iodine is all dissolved, dilute to the mark 
with water, and mix. This solution is 
approximately 0.05 N and is standard- 
ized against 0,05 A,Na 2 S 203 to obtain 
its true normality. 

{t) Standard Sodium Thiosulfate Solu- 
tion for SOi. — Prepare and standardize 
as described above, except that 12.42 g, 
of pure crystallized Na 2 S 203 -51120 are 
used or the 0.1 iV solution may be di- 
luted with an equal volume of cold CO 2 - 
free water. 

Water^ 

4. Mix 100 g. of the sample in a 250- 
ml, flask with 75 ml. of toluene. Place 
the flask in an oil bath, connect with 
condenser, apply heat to the bath, and 
distill until about 50 ml. of distillate 
have been collected in a graduate. The 
temperature in the flask should be then 
about 105 to HOC. The number of 
milliliters of water collected under the 
toluene in the receiver is the percentage 
of water in the paint. 

Volatile Thinner 

5. Weigh accurately from 3 to 5 g. of 
the sample into a tared flat-bottomed 
dish about 8 cm. in diameter, spreading 
the paint over the bottom. Heat at 105 
to HOC. for 1 hr., cool, and weigh. 
Calculate the loss in weight as percentage 
of water and volatile thinner, subtract 
from this the percentage of water,® and 
report the remainder as volatile thinner. 

Nature of Thinner 

6. (a) Transfer about 150 g. of the 
paint to a 500 ml. flask fitted with a 
2-hole cork stopper carrying a spray trap 
connected with a vertical condenser. 
Through the other hole in the stopper 
pass an influx tube for steam. (This 

> A convenient apparatus' or this determination is 
shown ip Fig. 1 (4) of the Standard Method of Test for 
Water in Petroleum Products and Other Bituminous 
Materials fA.S.T.M. Designation; D9,S), which appears 
in this publication, see Contents in Numeric Sequence of 
A.S.T.M. Designations at front of book. 
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tube should dip below the surface of the 
paint.) Heat the flask in an oil bath or 
an air bath at 100 C. and pass through 
it a current of steam; -with the steam still 
passing through, raise the temperature 
of the bath to 130 C. Catch the dis- 
tillate in a small separatory funnel; con- 
tinue distillation until 300 ml. of water 
have been condensed. Portions of this 
water may be drawn from the cock of 
the separatory funnel from time to time, 
but care must be taken not to draw out 
any of the volatile thinner. Let the 
distillate stand until it separates into 
two layers, then draw off the water and 
filter the volatile thinner through a dry 
filter paper into a dry flask. If the 
thinner is apparently turpentine, ex- 
amine the distillate by the methods de- 
scribed in Sections 7 to 11, inclusive, of 
the Tentative Methods of Sampling and 
Testing Turpentine (A.S.T.M. Designa- 
tion: D 233) of the American Society 
for Testing Materials.® If the thinner 
is a mixture of turpentine and petroleum 
spirits, an approximate determination 
of the amount of turpentine may be 
made by the polymerization test de- 
scribed in Methods D 233. It should be 
noted that turpentine is slightly soluble 
in water (about 0.3 to 0.4 ml. per 100 ml. 
of water). 

(h) To test for benzol, add a few drops 
of the distillate to a small quantity of a 
mixture of HNOg (sp. gr. 1.42) and 
H2SO4 (sp. gr. 1.84), and heat cautiously. 
The characteristic odor of nitrobenzol 
will be noted if benzol is present. 

(c) If the thinner is apparently all 
petroleum spirits, no further examination 
is necessary, 

(d) When the amount of turpentine 
in the thinner is small so that its presence 
is questionable, it may be detected by 
placing two drops of the distillate and 
2 to 3 ml. of chloroform in a dry test 

® Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


tube and adding one drop of antimony 
pentachloride. A slow or slight change 
in color will indicate the absence of 
turpentine. A rapid change in color to 
a dark red or purple will indicate the 
possibility of turpentine. The iodine 
number for turpentine by the Whjs 
method under these conditions is ap- 
proximately 340. An iodine number of 
20 or over will give additional proof of 
the presence of turpentine and enable 
calculation of the approximate amount. 

Percentage of Pigment 

7. Strain a portion of the well-mixed 
sample through a No. 80 (177-micron) 
sieve^ to remove any skins, and weigh 
accurately about 15 g. of the strained 
paint in a weighed centrifuge tube. 
Add. 20 to 30 ml. of the extraction mix- 
ture (Section 3), mix thoroughly with a 
glass rod, wash the rod with more of the 
extraction mixture, and add enough of 
the reagent to make a total of 60 ml. in 
the tube. Place the tube in the con- 
tainer of a centrifuge, surround the tube 
with water, and counterbalance the con- 
tainer of the opposite arm with a similar 
tube, or a tube with water. Whirl at a 
moderate speed until well settled. De- 
cant the clear supernatant liquid, repeat 
the extraction twice with 40 ml. of ex- 
traction mixture and once with 40 ml. 
of ethyl ether. After drawing off the 
ether, set the tube in a beaker of water 
at about 80 C. or on top of a warm oven 
for 10 min., then in an oven at 105 to 
110 C. for 2 hr. Cool, weigh, and cal- 
culate the percentage of pigment. 
Grind the pigment to a fine powder, pass 
through the No. 80 (177-micron) sieve^ 
to remove any skins, and preserve in a 
stoppered bottle. 

^ Detailed requirements for this sieve ate given in the 
Standard SpeciScations for Sieves for Testing Purposes 
f.A.S.T.M. Dpsicrnation; E 11), which appears in this pub- 
lication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 


1080 


Chemical Analysis op White Paints (D 215 - 41) 


Percentage of Nonvolatile Vehicle 

8. Add together the percentages of 
water, volatile thinner, and pigment, 
and subtract the sum from 100. Report 
the remainder as nonvolatile vehicle. 

Testing Nonvolatile Veihcle 
Preparation of Fatty Acids 

9. (o) To about 25 g. of the sample 
in a porcelain casserole, add 15 ml. of 
aqueous NaOH and 75 ml. of ethyl alco- 
hol, mix, and heat uncovered on a steam 
bath until all volatile thinner is driven 
off and saponification is complete. Add 
100 ml. of water, boil, add H2SO4 (sp. 
gr. 1.2) (8 to 10 ml. in excess), boil, stir, 
and transfer to a separatory funnel to 
which some water has been previously 
added. Draw off as much as possible 
of the acid aqueous la3''er and any in- 
soluble or precipitated matter, wash 
once with water, then add 50 ml. of 
water and 50 ml. of ethyl ether. Shake 
very gently with a whirling action to 
dissolve the fatty acids in the ether, but 
not so violently as to form an emulsion. 
Draw off the aqueous layer and wash 
the ether la3^er with one 15-ml. portion 
of water and then with 5-ml. portions of 
water until free from sulfuric acid. 
Then draw off the water layer com- 
pletely. Transfer the ether solution to 
a dry flask and add 25 to 50 g. of anhy^- 
drous Na.2S04. Stopper the flask and 
let stand with occasional shaking at a 
temperature below 25 C. until the water 
is completely removed from the ether 
solution, which wdll be shown by the 
solution becoming perfectly clear above 
the solid NagSOd. Decant this clear 
solution, if necessary, through a dry 
filter paper into a dry 100-ml. Erlen- 
meyer flask. Pass a rapid current of 
dry air (pass through a CaClg tower) 
into the mouth of the Erlenmeyer flask 
and heat to a temperature below 75 C. 
on a dry hot plate until the ether is 


entirely driven off. It is important to 
follow all of the details, since ether 
generally contains alcohol, and after 
washing with water always contains 
water. It is very difficult to remove 
water and alcohol by evaporation from 
fatty acids, but the washing of the ether 
solution and subsequent drying with 
anhydrous sodium sulfate removes both 
water and alcohol. Ether, in the ab- 
sence of water and alcohol, is easily re- 
moved from fatty acids by gentle heat. 
If the pigment settles out rapidly in a 
sample of the paint on standing so that 
sufficient vehicle can be poured off, or 
if sufficient vehicle is obtained by 
centrifuging the paint, it will be advan- 
tageous to saponify this separated ve- 
hicle and liberate and prepare the fatty 
acids as described. 

The above method of preparing the 
fatty acids directly from the material, 
rather than from the extracted vehicle, 
is based upon past experience in some- 
times obtaining too low results by the 
latter method. Occasionally, however, 
trouble is experienced in saponifying the 
entire material, due to interference of 
pigment. In such an instance it is per- 
missible to save the extracted vehicle 
(see Section 7 on Percentage of Pigment), 
evaporate the organic solvents on a 
steam bath, and saponify and prepare 
the fatty acids in the usual manner from 
this extract. If the iodine number 
obtained in this manner passes a given 
specification, no further work is neces- 
sar}G If the iodine number is low, it will 
be necessary to repeat the wmrk directly 
on the entire material. 

The fatty acids prepared as above 
should be kept in a stoppered flask and 
examined at once. 

Q}) Instead of the method described 
in Paragraph (o) the following procedure 
may be used, especially wdth samples 
that give trouble by the former: To 
about 50 g. of the sample in a porcelain 
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casserole, add 30 ml. of aqueous NaOH 
(30 per cent) and 125 ml. of ethyl alco- 
hol, mix, and evaporate on a steam bath 
until the residue is dry. Transfer to a 
400-mL beaker and boil with 200 ml. of 
water, add H2SO4 (sp. gr. 1.2) (25 ml. 
in excess), boil, stir, filter through large 
coarse paper, and drain. Scrape mass 
into a flask, shake violently with ether, 
centrifuge, decant into a separatory 
funnel, and wash with small ainounts 
of water until free of H2SO4. Transfer 
ether solution to dry flask and let stand 
over about 40 g. of anhydrous Na2S04 
until ether layer is clear. Decant the 
clear solution through a filter paper into 
a dry 100-ml. flask. Pass a rapid 
current of dry air into the mouth of the 
flask and heat to a temperature below 
75 C. on a dry hot plate until the ether 
is entirely removed. The fatty acids 
prepared as above should be kept in a 
stoppered flask and examined at once. 

Mineral Oil and Other Unsaponifiable 

Matter 

10. Place 10 drops of the fatty acids 
(Section 9), in a 50-ml. test tube, add 
5 ml. of alcoholic NaOH (Section 3), boil 
vigorously for 5 min., add 40 ml. of 
water, and mix. A clear solution indi- 
cates that not more than traces of un- 
saponifiable matter are present. 

Iodine Number of Fatty Acids® 

11. Place a small quantity of the 
fatty acids (Section 9), in a small weigh- 
ing burette or beaker. Weigh accu- 
rately. Transfer by dropping about 
0.15 g. (0.10 to 0.20 g.) into a 500-ml. 
bottle having a well ground glass stopper, 
or an Erlenmeyer flask having a spe- 
cially flanged neck for the iodine test. 
Reweigh the burette or beaker and 


*If appreciable amounts of rosin or of^ unsaponifiable 
matter are found to be absent in the vehicle of a paint, 
the iodine number of the fatty acids gives the best indica- 
tion (though not proof) of the presence of linseed oil. An 
iodine number of less than 175 (Wijs) for the fatty acids 
i_s an indication that the nonvolatile vehicle was not pure 
linseed oil. 


determine the amount of sample used. 
(If desired the sample may be weighed 
in a small wide-mouthed vial and the 
vial containing the weighed sample 
placed in the bottle or flask.) Add 
10 ml. of chloroform. Whirl the bottle 
or flask to dissolve the sample. Add 
10 ml. of chloroform to two empty 
bottles or flasks like that used for the 
sample. Add to each bottle or flask 
25 ml. of the Wijs solution (Section 3) 
and let stand with occasional shaking 
for 1 hr. in a dark place at a temperature 
of from 21 to 23 C. Add 10 ml. of the 
KI solution (15 per cent) and 100 ml. of 
water, and titrate with standard sodium 
thiosulfate solution (Section 3), using 
starch as indicator. The titrations on 
the two blank tests should agree within 
0.1 ml. From the difference between 
the average of the blank titrations and 
the titration on the sample and the iodine 
value of the thiosulfate solution, calcu- 
late the iodine number of the sample 
tested. (Iodine number is given in 
centigrams of iodine to 1 g. of sample.) 

Rosin 

12, (a) Liebermann-S torch Test ? — To 
about 1 g. of the fatty acids add 15 ml. 
of acetic anhydride and shake until 
solution is complete. Pour a few drops 
of this solution on a white porcelain 
plate (a crucible cover serves well) and 
add a drop of H2SO4 (sp. gr. 1.53). A 
fugitive violet color indicates rosin. 

(6) Halphen- Hicks Test ?^ — Test the 
fatty acids with the Halphen-Hicks 
reagent as follows: 

Solution A. — One part by volume of 
phenol dissolved in two parts by 
volume of CCI4. 

Solution B. — One part by volume of 
bromine dissolved in four parts by 
volume of CCI4. 


““Chemical Technology and Analysis of Oils, Fats 
and Waxes,” by J. Lewkowitsch, Vol. 1, p. 623 (1921). 

Industrial and Engineering Chemistry, Vol. 3, p. 86 
(1911). 
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Add 1 to 2 ml. of Solution A to about 
1 g. of the fatty acids and pour this 
mixture into a cavity of an ordinary 
porcelain color-reaction plate until it 
just fills the depression. Immediately 
fill an adjacent cavity with Solution B. 
Cover the plate with an inverted watch 
glass and note the color, if any, pro- 
duced in the former solution by the 
action of the bromine vapors from Solu- 
tion B. A decided purple or deep indigo 
blue color is an indication of the presence 
of rosm. 

Analysis of Pigment 
Qualitatm Analysis 
Qualitative Analysis 
13. A complete qualitative analysis, 
following the well-established methods, 
should be made and the quantitative 
scheme modified as required. Add 
acetic acid slowly to the pigment until 
all carbonate is decomposed (noting 
whether any PI 2 S is evolved), then add a 
large excess of acid ammonium acetate 
solution (Section 3). Boil, filter, and 
test the filtrate for metals other than 
lead and zinc (especially calcium and 
barium) . The absence of calcium in this 
filtrate indicates that the extending 
pigments contain no CaCOg or CaS 04 ; 
the absence of barium indicates that the 
extending pigments contain no BaCOg.^^ 
Wash the matter insoluble in acid am- 
monium acetate solution with another 
portion of this solution, and finally with 
hot water. This insoluble matter is 
dried, ignited, and tested for siliceous 
matter, BaS 04 , and titanium com- 
pounds. To test for the latter, place 
a small amount of the insoluble matter, 


If the original sample contained BaCOj and PbS04, 
CaSOd, or other soluble sulfate, the soluble Ba will form 
with the soluble sulfate a. precipitate of BaSOr which will 
be determined as “insoluble matter.’' If the sample con- 
tained SrS04 or SrCOs, some SrSO^ may be counted as 
BaSOr, some Sr will count as soluble barium, and some 
may be counted as CaO. This element is not separated, 
as it probably will not be encountered, or will be present 
as an impurity in the Ba and Ca compounds. 


or of the original sample (about 0.5 g.), 
in a 250-ml. resistant glass beaker;'* add 
20 ml. of H 2 SO 4 (sp. gr. 1.84) and 7 to 8 
g. of (NH4)2S04. Mix well, and boil for 
a few minutes. A residue denotes the 
presence of silica or siliceous matter. 
Cool the solution, dilute with 100 ml. 
of water, heat to boiling, settle, filter, 
wash with hot sulfuric acid (5 per cent) 
until free from titanium. The residue 
maybe tested for lead, barium, and silica. 
Add hydrogen peroxide to a small por- 
tion of the filtrate; a clear yellow-orange 
color indicates the presence of titanium. 
Boil another portion of the filtrate with 
metallic tin or zinc; a pale blue to violet 
coloration indicates titanium. Treat 
another portion (about 1 g.) of the pig- 
ment with 20 ml. of HCl (1*. 1) and note 
whether any H 2 S is evolved; boil the 
solution for about 5 min., add about 25 
ml, of hot water, filter, and wash with 
hot water. Render a small portion of 
the filtrate alkaline with NH4OH, acidify 
with HCl, and add a little BaCb solu- 
tion; a white precipitate (BaS 04 ) indi- 
cates the presence of a soluble sulfate. 
To another portion of the filtrate add a 
little H 2 SO 4 ; a white precipitate indi- 
cates the presence of lead, soluble 
barium, or both (some CaS 04 may also 
separate). Filter, wash to remove free 
acid, and treat the precipitate with a 
few drops of KI solution; the formation 
of yellow Pbl 2 indicates the presence of 
lead. The white precipitate may also 
be treated with H 2 S water; the forma- 
tion of black PbS indicates the presence 
of lead. To another portion of the 
original filtrate add NH4OH until alka- 
line, render slightly acid with acetic 
acid, heat to boiling, and add a little 
K 2 Cr 207 solution; a yellow or orange- 
yellow precipitate indicates the presence 
of lead, soluble barium, or both. To 
another portion of the original filtrate 
add a few drops of K 4 Fe(CN )6 solution; 
a white precipitate with a blueish tinge 
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indicates the presence of zinc. Pass 
into the remaining portion of the original 
filtrate a current of H2S for 5 to 10 min., 
add an equal volume of water, and pass 
HaS into the solution for about 5 min. 
Filter, wash with HaS water. Digest 
the precipitate with ammonium poly- 
sulfide, filter, acidify the filtrate with 
HCl, and warm; the presence of anti- 
mony is indicated by the separation of 
an orange colored precipitate. The 
filtrate from the HaS precipitate may be 
tested for barium, calcium, and mag- 
nesium in the usual manner. 

Quantitative Analysis, Single Pigments 
Procedure 

14. If the sample is a single pigment, 
follow the procedure described in the 
Standard Methods of Chemical Analysis 
of White Pigments (A.S.T.M. Designa- 
tion: D 34) of the American Society for 
Testing Materials^^ for the particular 
pigment to be tested. 

Quantitative Analysis, Mixed or 
Composite Pigments 

Moisture and Other Volatile Matter^® 

15. Place 1 to 2 g. of the pigment in a 
wide-mouth, short, weighing tube pro- 
vided with glass stopper. Heat with 
the stopper removed for 2 hr. at 105 to 
110 C. Insert the stopper, cool, and 
weigh. Calculate the loss in weight as 
moisture and other volatile matter. 

Loss on Ignition 

16. Ignite 1 g. of the pigment to con- 
stant weight in a porcelain crucible over 
a Meker burner. 


Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 

“ On an extracted and dried pigment, this determina- 
tion is of little value. If the original paint contained 
gypsum, a part of the combined water of the latter will be 
driven off in the drying of the e.xlracted pigment and in 
the "inoisture” determination. 

This determination may serve as a rough or approxi- 
mate check in many cases on the COs, water, etc. 


Insoluble Matter 

17. (a) Moisten 1 g. of the pigment 
with a few drops of alcohol, cover, add 40 
ml. of HCl (l*.l), boil gently for 5 to 10 
min. Wash the cover, evaporate to dry- 
ness, and heat at about 150 C. for 30 
min. to 1 hr. to dehydrate the residue. 
Moisten the residue with 4 ml. of HCl 
(sp. gr. 1.19), allow to stand a few miii' 
utes, dilute with 100 ml, of hot water, 
boil a few minutes, filter hot through 
paper, wash with hot water (until wash- 
ings give no test for lead and chlorine). 
Ignite the paper and residue in. a 
platinum or porcelain crucible, cool, 
and weigh total insoluble matter.’-^ 
(The insoluble matter may be filtered 
off on a Gooch crucible, washed with 
hot water, dried at 105 C., cooled, and 
weighed; then ignited, cooled, and 
weighed, when it is desired to get the 
loss on ignition (combined water, or- 
ganic matter, etc.) of the same, or the 
insoluble matter is not to be further 
examined.) If the sample contains ti- 
tanium pigment, practically all of the 
Ti02 will be found in the insoluble matter 
along with BaS04 and siliceous matter. 
Should an examination of the insoluble 
matter be necessary, it is advisable to 
remove the Ti02 before proceeding 
further. The Ti02 may be removed (or 
determined on a separate portion) by 
the method described in Section 34 of the 
Standard Methods of Chemical Analysis 
of White Pigments (A.S.T.M. Designa- 
tion: D 34) of the American Society for 
Testing Materials.^® After removing 
the Ti02, the residue containing siliceous 
matter and BaS04 may be ignited to 
remove the filter. To determine BaS04, 
mix the ignited insoluble matter with 
about ten times its weight of anhydrous 
NaaCOa (grinding the mixture in an 
agate mortar if necessary) and fuse in a 
covered platinum crucible, heating about 
1 hr. Let cool, place crucible and cover 
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in a 200-ml. glazed porcelain casserole/® 
add about 100 ml. of water, and heat 
until the mass is disintegrated. Filter 
on paper into a 300-ml. glazed porcelain 
casserole (leaving crucible and cover in 
the original casserole) and wash the 
casserole and filter thoroughly with a 
hot solution of Na 2 C 03 (1 per cent). 
Place the casserole containing the cruci- 
ble and cover under the funnel, pierce 
the filter with a glass rod, and wash the 
residue into the original casserole by 
means of a jet of hot water. Wash the 
paper with hot HCl (1: 1) and then with 
hot water. Remove the crucible and 
cover. Evaporate the HCl solution to 
dryness, and heat at about 150 C. for 
30 min. to 1 hr. Moisten the residue 
with about 10 ml. of HCl (sp. gr. 1.19), 
dilute with 100 ml. of hot water, boil a 
few minutes, filter hot through paper, 
and wash thoroughly with hot water. 
Dilute the filtrate to a volume of 300 
ml., bring to boiling, and add, drop by 
drop, 5 ml. of H 2 SO 4 (1:4). Allow to 
stand in a warm place an hour or so, 
filter on a weighed Gooch crucible, wash 
with hot water, ignite, cool, and weigh 
as BaS 04 . Subtract the sum of the 
percentages of BaSOd and Ti02 from the 
percentage of total insoluble matter and 
report the result as the percentage of 
insoluble siliceous matter.^® 

(b) To determine silica, acidify the 
filtrate from the BaCOs filtration with 
HCl, boil to expel CO 2 , evaporate to 
dryness, bake to dehydrate the silica, 
moisten with HCl, dilute with 100 ml. 
of hot water, boil and filter through 
the same paper as was used to recover 
silica from the BaCOa portion. Wash 
thoroughly with hot water and proceed 
as in a silicate analysis. 

A casserole is preferable to a beaker, as silica is dis- 
solved from glass when in long contact •with a strong 
sodium carbonate solution. 

Any soluble AhOa (Fe203) and in most cases MgO, 
and sometimes some CaO, come from the siliceous pig- 
ment used. MgO generally denotes the presence of 
asbestine 


(c) If it is desired to look for mag- 
nesium, combine this last filtrate with 
the filtrate from the final BaS 04 separa- 
tion and test for AI2O3 and MgO in the 
usual way. To recover MgO that may 
have dissolved in the procedure for the 
elimination of the Ti 02 , make the filtrate 
containing the Ti 02 just alkaline with 
NH4OH, bring to boiling, filter and 
wash. The filtrate may be tested for 
MgO. Any AI2O3 present will be pre- 
cipitated along with the TiOa. To 
recover this, ignite and weigh asTi 02 
and AI2O3. Deduct for Ti02 present 
in the sample; the difference is AI2O3. 

Total Lead (Antimony) 

18. (a) Unite the filtrate and wash- 
ings (total volume 150 to 200 ml.) from 
the total insoluble matter, pass H 2 S 
into the solution until it is saturated, 
add an equal volume of water, and again 
saturate with H 2 S. Filter, wash with 
water containing a little H 2 S, dissolve in 
hot HNO3 (1:3), washing the paper with 
hot water. Add 10 to 20 ml. of H 2 SO 4 
( 1 : 1 ), evaporate until copious fumes of 
sulfuric acid are evolved. Cool, add 
about 75 ml. of water and then about 75 
ml. of 95 per cent ethyl alcohol. Stir, 
let settle, filter on a Gooch crucible, 
wash with diluted alcohol, dry in an 
oven at 105 to HOC.; or, ignite gently 
in a radiator^^ or muffle, cool, and weigh 
as PbS 04 . Calculate to PbO.^® 

(b) If the pigment contains antimony, 
filter and wash the sulfide precipitate as 
described in Paragraph (a). . Wash the 
precipitate with a fine jet of water from 
the paper into a porcelain dish or cas- 
serole, add 25 ml. of ammonium poly- 
sulfide (Section 3), cover the vessel, and 
warm the mixture at 40 to 60 C. for 10 
to 15 min. while stirring frequently. 

V. S. Geological Survey Bullelin 700, p. 3.5 (1919). 

It is not possible to determine the amount of basic 
lead carbonate and lead sulfate when carbonates or soluble 
sulfates of other metals, such as calcium, are present. 
Also, neither basic lead carbonate nor basic lead sulfate 
are definite compounds. 
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Wash the cover, filter through the paper 
used in the first case, and wash with 2 
to 3 per cent Na 2 S or (NH 4 ) 2 S solution. 
Discard the filtrate. Dissolve the resi- 
due in hot diluted HNO 3 (1:3), and 
determine the lead as PbS 04 , as described 
in Paragraph (a). Or, the original sul- 
fide precipitate may be discarded and 
the lead determined on a separate por- 
tion of the pigment as follows: To 1 g. 
of the sample in a covered beaker, add 
40 ml. of HCl (1:1) and boil gently for 
S to 10 min. Wash off cover and 
evaporate to dryness. To the residue 
add sufficient HCl (sp. gr. 1.19) to dis- 
solve the PbS 04 (with pigments con- 
taining considerable amounts of PbS04, 
it may be necessary to add 15 to 20 ml. 
of HCl (sp. gr. 1.19)), add about 50 ml. 
of hot water, boil a few minutes, filter 
hot through paper, and wash with hot 
water until washings give no test for 
lead. (If the sample contains no in- 
soluble matter, omit the filtration.) To 
the filtrate add 20 ml. of H 2 SO 4 (sp. gr. 
1.84) and evaporate until dense white 
fumes of SO3 are copiously evolved. 
Allow to cool, but not below 60 C., and 
then add slowly 50 ml. of water while 
agitating the solution. Heat to boilmg 
for several minutes in order to insure 
complete solution of antimony sulfate. 
Allow the PbS 04 to settle out until the 
supernatant liquid is clear, not letting 
the temperature fall below 60 C. If 
the liquid does not clear quickly it must 
be heated longer. When clear, pour 
the solution through a weighed porcelain 
Gooch crucible with asbestos mat, de- 
canting the solution as completely as 
possible without allowing more than a 
very small amount of PbS 04 to go over 
into the crucible. Now add 10 ml. more 
of H 2 SO 4 (sp. gr. 1-84) to the PbS 04 
in the original beaker, and boil for 
several minutes. Cool, add slowly 30 
ml. of water, and again heat to boiling 
for a few minutes. Allow the solution 


to cool to about 60 C. and completely 
transfer the PbS 04 to the Gooch 
crucible. Wash with “lead acid” (Sec- 
tion 3) to remove soluble sulfates and 
finally wash free of acid with diluted 
alcohol (equal parts of ethyl alcohol or 
denatured alcohol and water). Dry in 
an oven at 105 to HOC., or ignite 
gently in a radiator or muffle. Calcu- 
late to PbO, or determine as PbCr 04 
as described in Paragraph (e). 

(c) If soluble compounds of barium 
or calcium are present, BaS 04 and 
CaS04 will be included with the PbS 04 . 
If soluble SiOa is present, it will also be 
included with the PbS 04 . In such 
cases, the PbS 04 precipitate after wash- 
ing with diluted alcohol may be dis- 
solved in acid ammonium acetate (Sec- 
tion 3) and the lead determined as 
PbCr04, as described in Paragraph (e). 
For ordinary work, the amount of 
BaS 04 dissolved by the acetate treat- 
ment may be disregarded. 

(d) If the pigment contains no soluble 
antimony, barium, or calcium com- 
pounds, the lead may be determined 
directly on the original pigment, as 
follows: To 1 g. of the sample in a 
covered beaker, add 25 ml. of HNO3 
( 1 : 1 ), and boil gently a few minutes. 
Wash off cover, evaporate to dryness on 
a steam bath, moisten with HNO3, add 
hot water, and heat a few minutes. 
Filter and wash with hot water until 
washings are lead-free. Add 10 to 20 
ml. of H2SO4 (1:1) to the clear solution, 
evaporate, and determine lead as PbS 04 , 
as described in Paragraph (a). 

(e) In the absence of soluble com- 
pounds of antimony, iron, aluminum, 
and barium, the following procedure 
may be used: Treat 1 g. of the original 
pigment with 25 ml. of HNO 3 (1:1) and 
proceed as above. To the clear solu- 
tion, diluted to 200 ml, add NH 4 OH in 
slight excess, acidify with acetic acid, 
and add 4 to 6 ml. more of this acid. 
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Heat to boiling and add 10 to IS ml. of 
a solution of KaCraO? (10 per cent). 
Heat until the yellow precipitate as- 
sumes an orange color, let settle and 
filter on a weighed Gooch crucible. 
Wash by decantation until the washings 
are colorless, finally transferring all 
of the precipitate. Then wash with 95 
per cent ethyl alcohol and then with 
ether. Dry to constant weight at 
110 C., cool, and weigh PbCr04. Calcu- 
late to PbO. 

Antimony Oxide 

19. (a) Transfer 0.3 g. of a straight 
antimony oxide pigment, or 0.5 g. of a 
mixed pigment, to a 500-ml. resistant 
glass Erlenmeyer flask, add 15 ml. of 
water and 25 ml. of HCl (sp. gr. 1.19). 
Cover with a watch glass, warm on the 
steam bath 10 to IS min. to dissolve the 
antimony oxide, wash off cover, add 250 
ml. of water, and 15 ml. of H2SO4 
(sp. gr. 1.84). Boil 2 min., cool to 10 
to 15 C., and titrate to a faint pink tint 
with 0.1 N KMn04 solution (Section 3). 
Calculate to 86203. 

The above procedure gives only the 
antimony in the ous condition. The 
following method gives the total anti- 
mony {ous and ic forms) : Transfer 0.3 g. 
of a straight antimony oxide pigment, or 
0.5 g. of a mixed pigment, to a 500-ml. 
resistant glass Erlenmeyer flask, ^ add 
IS ml. of H2SO4 (sp. gr. 1.84), 10 g. of 
K2SO4, and a 9-cm. filter paper (to 
furnish carbon to act as a reducing 


» If the digestion with H2SO4 and K!S04 (plus filter 
paper) is continued after the solution becomes colorless, 
some of the antimony may be oxidized from the om to the 
ic condition. In such cases, cool, wash oS the funnel, 
dilute to 100 ml. with water, add 1 to 2 g. of NaaSOs and 
boil until all of the SO2 is expelled. This is shown when 
no blue color is obtained with starch-iodate paper (see 
Section 3): the volume will, be reduced about one half. 
Dilute to 2S0 ml. with water, add 20 ml. of HCl (sp. gr. 
1.19), and boil 2 min.; cool to 10 to IS C., and titrate to a 
faint pink tint with 0.1 W KMn04 solution. Calculate 
total Sb to SbaOj. Subtract the Sb20j found by the pro- 
cedure given in the first paragraph under Antimony Oxide 
from the total Sb203 and calculate the residual Sb20j to 
Sb206. 


agent). Place a funnel in the neck of 
the flask, and heat until the solution 
becomes colorless. Cool, wash off the 
funnel, dilute to 250 ml. with water, add 
20 ml. of HCl (sp. gr. 1.19), and boil 
2 min. Cool to 10 to 15 C., and titrate 
to a faint pink tint with OA N KMn04 
solution.^® 

(&) Procedure in Presence of Appreci- 
able Amounts of Iron . — Treat 1 g. of the 
mixed pigment, or 0.3 g. of a straight 
antimony oxide pigment, in a covered 
250-ml. beaker with 5 ml, of water and 
20 ml. of liCl (sp. gr. 1.19). Heat on 
the steam bath for 15 min., cool, wash 
oft* cover, add 3 g. of tartaric acid and 
100 ml. of hot water, and digest a few 
minutes. Filter, catching the filtrate in 
a 500-ml. resistant glass Erlenmeyer 
flask.^ Wash thoroughly with hot water, 
dilute to 300 ml. with hot water, and 
pass in H2S until the precipitation is 
complete. (If the sample contains no 
insoluble matter, dissolve directly in a 
500-ml. resistant glass Erlenmeyer flask, 
add tartaric acid, dilute, and pass in 
H2S.) Filter, wash with water con- 
taining H2S until free from HCl, return 
paper and precipitate to the Erlen- 
meyer flask, add 15 ml. of H2SO4 (sp. 
gr. 1.84) and 10 g. of K2SO4, place a 
funnel in the neck of the flask, and heat 
until the solution is colorless. Cool, 
wash off the funnel, dilute to about 250 
ml. with water, add 20 ml. of HCl (sp. 
gr. 1.19), boil for 2 or 3 min., cool to 
about 10 C., and titrate to a faint pink 
tint with 0.1 iV KMn04 solution (Section 
3). Calculate the total antimony to 

M If the digestion with H2SO4 and K2SO4 (plus filter 
paper) is continued after the solution becomes colorless, 
some of, the antimony may be oxidized from the ous to the 
ic condition. In such cases, cool, wash off the funnel, 
dilute to 100 ml. with water, add 1 to 2 of Na2S03 and 
boil until all of the SO2 is expelled. This is shown when 
no blue color is obtained with starch-iodate paper (see 
Section 3); the volume will be reduced about one half. 
Dilute to 2S0 ml. with water, add 20 ml. of HCl (sp. gr. 
1.10), and boil 2 min.; cool to 10 to IS C., and titrate to a 
faint pink tint with KMnOr solution (0.1 A). 
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Soluble Barium 

20. Boil the combined filtrate and 
washings, reduced in volume by evapora- 
tion if need be, from the PbS precipitate 
(Section 18) to expel H2S. Add a slight 
excess of H2SO4 (1:4) over the amount 
required to precipitate the barium, heat 
to boiling, let stand on a steam bath 
about 1 hr., filter on a weighed Gooch 
crucible, wash with hot water, dry, 
ignite, cool, and ^veigh as BaSO.}.“-^^ 
Calculate to BaO. 

Aluminum Oxide (Fe20g, TiOa, P2O5) 

21. Boil the filtrate from the PbS to 
expel HoS, add a few drops of HNO3, 
and continue the boiling a few minutes 
to oxidize any iron that may be present. 
In case soluble barium w^as present, use 
the filtrate from that determination. 
To the solution containing at least 5 g. 
of NH.1CI per 200 ml. of solution, or 
an equivalent amount of HCl, add a few 
drops of methyl red (0,2 per cent alco- 
holic solution) and heat just to boiling. 
Carefully add diluted NH4OH drop by 
drop until the color of the solution 
changes to a distinct yellow. Boil the 
solution for 1 to 2 min, and filter at once. 
Wash the precipitate thoroughly wdth 
hot NH4CI solution (2 per cent)."- 
Ignite the precipitate, cool, and weigh as 
AbOg.^® 

Total Zinc 

22. (a) To the combined filtrate and 
washings from the alumina precipitate 
(Section 21), add sufficient HN4CI to 
give 5 g. per 100 ml. of solution, and then 
add 1 g. of ammonium acetate.^^ 
Make slightly acid with acetic acid and 


’•1 This will include any BaSOi that may have been dis- 
solved as such. The weighed precipitate should be tested 
for CaSOi, and if present, it snould be removed by treat- 
ing with hot diluted HCl, filtering, washing, igniting, and 
again weighing, 

“ For very accurate work, or when the precipitate is 
mrge, the precipitate should be dissolved in HCl (1:1) 
and the precipitation repeated. 

^ ^=5 This precipitate may also contain FeaOs, TiOs, and 

24 F. A. Gooch, "Representative Procedures in Quanti- 
tative Chemical Analysis,” 1st Edition, p. 107. 


pass in a current of HgS to saturation. 
Allow the precipitate to settle com- 
pletely, filter on paper, and wash with a 
solution of acetic acid (2 per cent) 
saturated with H2S. Transfer the pre- 
cipitate and filter to the vessel in which 
the precipitation was effected, add 30 ml. 
of w^ater and 10 ml. of HCl (sp. gr. 1.19), 
heat until all zinc is in solution, add 200 
ml. of water and a small piece of litmus 
paper; add NH4OH (sp. gr. 0.90) until 
slightly alkaline, make just add with 
HCl, then add 3 ml. of HCl (sp. gr. 1.19), 
heat nearly to boiling, and titrate with 
standard K4Fe(CN)6 solution as in 
standardizing that solution (Section 3). 

(&) Zinc may be determined directly 
on the original sample as follows:^® 
Weigh acurately about 1 g. (or an 
amount that will give a burette reading 
approximately equal to that obtained in 
the standardization) of the pigment, 
transfer to a 400-ml . beaker, add 30 ml. 
of HCl (1:2), boil a few minutes, add 
200 ml. of water and a small piece of 
litmus paper; add strong NH4OH until 
slightly alkaline, render just acid with 
HCl, then add 3 ml. of HCl (sp. gr. 1.19), 
heat nearly to boiling, and titrate with 
standard K4Fe(CN)6 solution as in 
standardizing that solution (Section 3). 

(c) When iron is present, total zinc 
may be determined directly on the 
original sample as follows.*® Weigh 
accurately about 1 g. (or an amount 
that will give a burette reading approxi- 
mately equal to that obtained in the 
standardization) of the pigment, trans- 
fer to a 250-ml. beaker, moisten with 
alcohol, add 30 ml. of HCl (1:2), boil 
for 2 or 3 min., and add about 100 ml. 
of water. Add about 2 g. of NH4CI, 
make slightly alkaline with NH4OH, 
heat to boiling, let settle on a steam bath, 
filter into a 400-ml. beaker and wash the 


“ If the sample contains antimony, it should be pre- 
cipitated by HsS in the hot acid solution, filtered off, 
washed, and the filtrate neutralized, etc., for zinc. The 
H*S precipitate may also contain PbS. If no sulfide 
separation is made, any cadmium present will be counted 
aszinc. 
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residue once with hot water. Remove 
the 400-mL beaker and pour diluted 
HCl on the residue, catching the filtrate 
therefrom in the 250-ml. beaker, wash 
a few times with hot water. Add to 
this filtrate 1 g. of NH 4 CI and make 
slightly alkaline with NH 4 OH, boil, let 
settle, filter on paper used for first 
filtration, and wash thoroughly with 
hot water, catching the filtrate and 
washings in the 400-mL beaker con- 
taining the first filtrate. Add a small 
piece of litmus paper, acidify with HCl, 
add 3 ml. of HCl (sp. gr. 1-19), heat 
nearly to boiling, and titrate with 
standard K 4 Fe(CN )6 as described in 
Paragraph (b). 

(d) With pigments containing ZnO 
and ZnS, the ZnO may be determined 
as follows: Weigh accurately 1 g. of the 
pigment, transfer to a 2S0-ml. beaker, 
moisten with alcohol, add about 100 ml. 
of acetic acid (1 to 3 per cent), stir 
vigorously but do not heat, cover, and 
let stand for 18 hr., stirring once every 
5 min. for the first 30 min. Filter, 
wash with acetic acid (1 to 3 per cent) 
followed by water until the washings 
give no test for zinc with K 4 Fe(CN )6 
solution. Dilute the clear filtrate to 
about 200 ml. with water, add 30 ml. of 
HCl (1:2), and a small piece of litmus 
paper; add NH 4 OH (sp. gr. 0.90) until 
slightly alkaline, render just acid with 
HCl, then add 3 ml. of HCl (sp. gr. 
1.19), heat nearly to boiling, and titrate 
with K 4 Fe(CN )6 solution as described 
in Paragraph (&). Calculate this result 
to Zn, subtract from total Zn, and cal- 
culate the difference to ZnS. (Any 
ZnCOs or ZnS 04 is included in the 
ZnO.) 

Soluble Calcium 

23. Heat to boiling the united filtrate 
and washings, reduced in volume if need 
be, from the ZnS precipitate (Section 
22), add 1 ml. of NH4OH and an excess 
of a hot saturated ammonium oxalate 


solution. Continue the boiling until 
the precipitate becomes granular; let 
stand about 1 hr., filter, and wash with 
hot water. Ignite, cool, and weigh as 
CaO;“’^®’^^ or, place the beaker in which 
the precipitation was made under the 
funnel, pierce the apex of the filter with 
a stirring rod and wash the precipitate 
into the beaker with hot water, pour 
warm diluted H2SO4 (1:4) through the 
paper and wash a few times. Add 
about 30 ml. of diluted H 2 SO 4 (H4), 
dilute to about 250 ml, heat to 90 C., 
and titrate at once with standard (0.1 N) 
KMn 04 solution (the temperature of the 
solution should not be below 60 C. when 
the end point is reached; see Section 3). 
Calculate to CaO.^^-^®’^^ (The Fe value 
of KMn 04 X 0.502 = CaO value.) 

Soluble Magnesium 
24. Acidify the filtrate from the cal- 
cium precipitate with HCl, add 10 ml. 
of a saturated solution of Na(NH4)HP04 
and NH4OH drop by drop, with con- 
stant stirring. When the crystalline 
(NH4)MgP04 has formed, add 5 ml. ex- 
cess of NH4OH. Allow the solution to 
stand in a cool place for not less than 
4 hr., preferably overnight.^® Filter 
and w^ash with water contaming 2.5 per 
cent of NHg. Dissolve the precipitate 
in a small quantity of hot diluted HCl, 
dilute the solution to about 100 ml, with 
water, add 1 ml. of a saturated solution 
of Na(NH 4 )HP 04 and NH4OH drop by 
drop, with constant stirring, until the 
precipitate is again formed as described, 
and then add 5 ml. excess of NH4OH. 
Let the precipitate stand in a cool place 
for not less than 2 hr., filter on a Gooch 


28 Care must be exercised in this washing, as 1000 ml. 
of boiling water will dissolve over 0.01 g. of CaC204. 

w Fo, more accurate work, the CaC204 precipitate 
should be ignited, cooled, cautiously moistened with 
water, redissolved in HCl, and the solution diluted to 
100 ml. Then NH4OH should be added in slight excess, 
the liquid boiled, and filtered and washed if a precipitate 
appears. Then reprecipitate the Ca with NH4OH and 
(NH 4 )sC 204 as above, filter, wash, ignite, cool, and weigh; 
or, titrate as described. 

2 * The less the amount of magnesium present, the 
longer the precipitate must be allowed to settle. 
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crucible, wash with water containing 2.5 
per cent of NH3, ignite, cool, and weigh 
as Mg2P207.®® Calculate to MgO. 

Carbon Dioxide 

25. Use from 1 to 2 g. of the pigment 
depending upon the probable CO2 con- 
tent, following either of the methods 
described under the determination of 
carbon dioxide in the Standard Methods 
of Chemical Analysis of Limestone, 
Quicklime, and Hydrated Lime 
(A.S.T.M. Designation: C 25) of the 
American Society for Testing Ma- 
terials.®®' 

Total Soluble Sulfur Compounds^^ 

26. Treat 1 g. of the pigment in a 
400-ml. beaker with 10 ml. of water, 
10 ml. of HCl (sp. gr. 1.19) saturated 
with bromine, and 5 g. of NH4CI. 
Digest (covered) on a steam bath for 5 
min., dilute with hot water to about 
200 ml., boil for 5 min,, filter to separate 
any insoluble matter, and wash thor- 
oughly with hot water. Nearly neu- 
tralize the clear solution in a covered 
beaker with NaOH solution, complete 
the neutralization with dry NajCOa, and 
add about 2 g. more of this reagent. 
Boil 10 to 15 min., wash off cover, let 
settle, filter, and wash with hot water. 
Redissolve the precipitate in HCl (HI), 
reprecipitate with NazCOs as above, 
filter, and wash thoroughly with hot 
water. Acidify the united filtrates with 
HCl, adding about 1 ml. in excess. 
Boil to expel bromine, and to the clear 
boiling solution add slowly while stirring 
an excess of a BaCb solution (10 per 
cent). Let stand on a steam bath for 
at least 1 hr., filter on a weighed Gooch 

If the sample contained manganese, it will be caught 
in large part with the MgjPiO?. If desired, Mn may be 
determined by dissolving the MgiPjOr in HNOi and 
applying the bismuthate method. 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 

31 If the sample is high in sulfide, for example, contains 
a high percentage of lithopone, grind 1 to 2 5. of the 
pigment with dry KiCrjOr, transfer to the evolution flask, 
add SO ml. of water, and run in HjSOi (1:1) from the 
separatory funnel. Or, place at the front of the purifying 
and drying train a tube containing acidified CuSOi soIut 
tion, KMnO< solution, or CrO« solution. 


crucible, wash thoroughly with boilmg 
water, dry, ignite at a dull red heat, cool, 
and weigh as BaS04. This will include 
soluble sulfates, SO3 formed from SO2, 
and the SO3 that is formed from sulfide 
suKur.21 

Soluble Sulfate^i 

27. Treat 1 g. of the pigment with 10 
ml. of water and 10 ml. of HCl (sp. gr. 
1.19) and 5 g. of NH4CL Boil until 
H2S is expelled, adding more HCl (1 : 1) 
if necessary. Dilute with hot water to 
about 200 ml., boil for 5 min., filter to 
separate any insoluble matter, and wash 
thoroughly with hot water. Nearly 
neutralize the clear solution with NaOH 
solution and make a double precipitation 
with Na2C03, as in preceding method, 
finally weighing as BaS04 as described 
above. 

Sulfide Sulfur»2.33 

28. Place 0.5 to 1 g. of the pigment in 
a flask with about 10 g. of “feathered’’ 
or mossy zinc, add 50 ml. of water; 
insert a stopper carrying a separatory 
funnel and an exit tube. Run in 50 ml. 
of HCl (sp. gr. 1.19) from the funnel, 
having previously connected the exit 
tube to two absorption flasks in series; 
the first flask contains 100 ml. of alka- 
line lead nitrate solution (Section 3), the 
second flask, 50 ml. of the same solution 
as a safety device. After all of the acid 
has run into the evolution flask, heat 
slowly, finally boiling until, the first 
appearance of steam in the first absorp- 
tion flask. Disconnect, let the PbS 
settle, filter, wash with cold water, then 
with hot water until neutral to litmus 
paper and washings give no test for lead. 
Dissolve the PbS precipitate in hot, 
diluted HNO3 and determine the lead as 


“ Evolution Method of W. G. Scott, ‘‘White Paints 
and Painting Materials,” p. 257; see also “Blair, The 
Chemical Analysis of Iron.” 

’*The percentage of sulfide sulfur can be calculated 
from the percentages of total zinc and zinc soluble in 
acetic acid (2 to 3 per cent), assuming the sulfide to be 
ZnS. See Section 22 (d) under determination of zinc. 
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PbS 04 . Calculate to S . For very rapid 
work, the evolved HgS may be absorbed 
in an ammoniacal CdCb or ZnS04 
solution (Section 3) contained in two 
flasks connected in series, the contents 
of the absorption flasks washed into a 
vessel with cold water and diluted to 
about 1 liter, acidified with HCl (sp. 
gr. 1.19), and titrated with standard 
KIO3 solution using starch indicator 
(Section 3). 

Sulfur Dioxide®^ 

29. Transfer 10 g. of the pigment to a 
suitable flask, insert a stopper fitted 
with a separatory funnel and a spray 
trap delivery tube,®*^ and attach the 
latter to a condenser. Place about 150 
ml, of HCl (1:3) in the funnel, the stop- 
cock being closed,®® connect the other 
end of the condenser with a delivery 
tube which passes through a two-hole 
stopper and extends nearly to the bot- 
tom of an absorption flask; through the 
other hole of the stopper connect a tube 
or flask to serve as a safety device. 
Place 25 ml of 0.05 N iodine solution 
(Section 3) in the absorption flask 
(dilute with water if necessary) and 
20 ml. of KI solution (10 per cent) in the 
safety tube; fit stopper in the absorp- 
tion flask. Open the stopcock and allow 
the acid to slowly enter the flask. 
Before all of the acid is admitted, force 
air (washed with NaOH solution) 
through the top of the separatory 
funnel (about two bubbles per second 
in the KI solution). Boil the solution 
3 min. with the air passing through, 
then remove the source of heat and pass 
air through for 30 min. Disconnect 
the absorption vessels, wash the KI 
solution into the iodine solution, and 

31 This method is not applicable in the presence of 
sulfides decomposable under the conditions given, 

36 A Knorr CO2 apparatus is very convenient. In this 
case, the vertical condenser may be connected with an 
absorption tower containing the iodine solution, followed 
by the KI solution in a suitable tube. 

“ To minimize, if not eliminate, any possible oxida- 
tion by the air, add about 1 g. (in one piece) of NaHCOs to 
the evolution flask, then add the acid directly to the 
flask, omitting the separatory funnel and the current of 
air. Boil the solution until about SO ml. of distillatehas 
passed over, 


titrate at once with 0.05 N Na 2 S 203 
solution, using starch indicator. Run 
a blank determination in exactly the 
same manner except for the omission 
of the pigment. Subtract this figure 
from the previous one and calculate the 
final result to SO 2 (1 ml. 0.05 N iodine =: 
0.0016 g. SO 2 ). 

Matter Soluble in Water 

30. Transfer 2.5 g. of the pigment to a 
graduated 250-ml. flask, add 100 ml, of 
water, and boil for 5 min. Cool to room 
temperature, dilute to the mark with 
water, mix, and allow to settle. Filter 
the supernatant liquid through a dry 
filter paper and discard the first 20 ml, 
of the filtrate. Transfer 100 ml. of 
the clear filtrate to a weighed dish, 
evaporate to dryness on a steam bath, 
dry for 1 hr. in an oven at 105 to 110 C., 
cool, and weigh. Calculate the per- 
centage of water-soluble matter. 

Note. — The nature of this may be deter- 
mined by further examination, as the per- 
centages of SOs and CaO may be indicative. 

Calculations 

31. (a) The calculation of the com- 
ponent pigments of a mixed or combina- 
tion pigment may be a somewhat 
difiicult matter. Certain assumptions 
must be made, depending upon the 
complexity of the mixed pigment, as to 
the composition or formulas of com- 
ponent pigments and as to the manner in 
which the acidic and basic radicals are 
combined. Add any AI2O3 (FeaOs) found 
in the soluble portion to the siliceous mat- 
ter and report the sum as “insoluble 
siliceous matter” unless the soluble 
A1 is high; in this case, an aluminate is 
probably present, and the AI2O3 should 
be reported as AI2O3. If a small 
amount of soluble Mg is found, it should 
also be added to the siliceous matter. 
If the soluble Mg is high, the presence 
of MgCOs is indicated, and the MgO is 
calculated to MgCOs as pointed out 
below. The insoluble siliceous matter 
reported should be based on the weight 
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obtained on drying the total msoluble 
matter at 105 C. if the combined water 
contained therein is to be considered. 

(b) Report TiOz as TiOa, ZnS as ZnS, 
and BaS 04 as BaS 04 . If CaCOa, CaC 04 , 
BaCOs, and MgCOg are absent, calculate 
CO 2 to basic carbonate white lead, 
(PbC 03 ) 2 -Pb( 0 H) 2 , and soluble SO3 to 
PbS 04 . Any excess of Pb is calculated 
to PbO, added to the PbS 04 , and the 
sum reported as basic lead sulfate; or, 
multiply the sum of PbS 04 + PbO by 
0.058 to obtain the ZnO; add this result 
to the PbSOi •+• PbO and report as 
basic sulfate white lead. (The ZnO 
factor is based on the assumption that 
the average composition of commercial 
basic sulfate white lead is: 78.5 per cent 
PbS 04 , Id.O per cent PbO, and 5.5 per 
cent ZnO.) Lead oxide (PbO) should 
not be reported except in the presence 
of PbS 04 unless the entire analysis is 
reported in the elementary or oxide form. 

(c) If the sample contains CO 2 but no 
soluble vSOg, calculate total Pb to basic 
carbonate white lead, (PbC 03 ) 2 - Pb(OH) 2 ; 
calculate residual CO 2 to CaCOg, then to 
BaCOg and MgCOg if soluble Ba and Mg 
should be present in sufficient amounts 
to indicate the presence of these carbon- 
ates. The CO 2 result will be an index 
of this. A small amount of residual CaO 
is probably from the siliceous matter and 
should be added to the insoluble siliceous 
matter, 

(d) A small amount of soluble Ba may 
be from the CaCOg used or may be due 
to the solubility of BaSOi, if this com- 
pound is present in the original pigment. 
This Ba may be calculated to BaS 04 and 
added to the BaS 04 found in the insol- 
uble matter. 


(e) If the sample contains soluble SO 3 
but no CO 2 , calculate CaO to CaS 04 or 
CaS 04 - 21120 ; residual SOg to PbS 04 ; 
add residual PbO to PbS 04 and report 
sum as basic lead sulfate; or, multiply 
PbS 04 + PbO by 0.058 and add the 
result to the PbS 04 + PbO, and report 
the total as basic sulfate white lead. 

(f) If the sample contains CaCOg 
(MgCOg, BaCOg) and also basic sulfate 
white lead, or CaS 04 and basic carbonate 
white lead, or a mixture of these, it is 
not possible to determine or calculate 
the amount of.PbCOg or PbS 04 with 
any degree of certainty.^^’ The pres- 
ence of appreciable amounts of CaO and 
SOg in the water-soluble matter indicates 
the probable presence of CaS 04 in the 
original pigment. The following ar- 
bitrary calculations may be made: cal- 
culate water-soluble SOg to CaS 04 or 
CaS 04 - 21120 , subtract this SOg from 
total soluble SOg and calculate the re- 
mainder to PbS 04 ; calculate residual 
CaO to CaCOg, and then residual CO 2 
to (PbC 03 ) 2 -Pb( 0 H) 2 . If there is an 
excess of CO 2 , calculate to MgCOg or 
BaCOg, if the amounts of soluble Mg 
and Ba indicate the probable presence of 
these carbonates. Add residual PbO 
to PbS 04 and calculate, as above, to 
basic sulfate white lead. 

(g) Report total antimony as SbgOg. 

(h) Calculate sulfide sulfur to ZnS, 
subtract the Zn equivalent to the S from 
the total Zn, then subtract the Zn re- 
quired for the basic sulfate white lead, 
and report the remainder as ZnO, 

(i) Report moisture and other volatile 
matter, loss on ignition, SO 2 , and matter 
soluble in water directly. 


Standard Method of Test for 
RELATIVE DRY HIDING POWER OF PAINTS* 



A.S.T.M. Designation: D 344 - 39 
Adopted, 1939.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 344; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining whether the relative dry 
hiding power of a given sample of paint 
is less than, equal to, or greater than that 
of a mutually agreed upon standard. 
An optional procedure is included which 
permits a quantitative determination of 
the relative dry hiding powers of two 
paints when they differ not too greatly 
in this respect. 

Definition 

2. Relative dry hiding power of a 
paint is the ability of that paint to re- 
duce the contrast of a black and white 
surface to which it is applied and allowed 
to dry. It is quantitatively expressed 
in terms of the proportional spreading 
rate^ of paint required to produce the 
same contrast reduction as obtained with 
the paint chosen as standard. 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

^ Prior to adoption as standard, this method was pub- 
lished as tentative from 1932 to 1939, being revised in 1937 
and 1939. 

® See the definition of “Spreading Rate” in the Tenta- 
tive Definitions of Terms Relating to Paint, Varnish, 
Lacquer, and Related Products (A.S.T.M. Designation: 
D 16), which appears in this publication, see Contents in 
Numeric Sequence of A.S.T.M. Designations at front of 
book. 


Apparatus 

3. The apparatus shall consist of the 
following: 

{a) Balance . — Regulation laboratory 
balance with capacity of 100 g. and sensi- 
tivity of 0.1 g. 

(&) Syringe of 10-ml. capac- 

ity. 

(c) Paint Brush . — A good grade paint 
brush, 1| in. in width. 

{d) Container . — A |-pt. can or a 250- 
ml. beaker. 

(e) Test Surface . — A smooth-surfaced 
paper chart having adjacent black and 
white areas and coated with a suitable 
varnish or lacquer so as to render the 
surface impervious and resistant to paint 
liquids. The black areas of the board 
shall have a diffuse reflectance of less 
than 1 per cent. The white areas shall 
have a diffuse reflectance of 75 per cent 
or greater. The white areas of the 
boards used for the standard paint and 
the sample shall not differ in brightness 
by more than 1 per cent. The chart 
shall have a test area of not less than 1 
sq. ft., and any suitable regular geometri- 
cal design of the contrasting areas may 
be used. 
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(/) Illumination. — k reasonable in- 
tensity of diffused light, preferably 
northern skylight or a source approxi- 
mating northern skylight. 

Materials 

4. A standard paint mutually agreed 
upon by the purchaser and the seller. 

Procedure 

5. {a) The weight per gallon of the 
standard and sample paints must be 
known and may be determined by any 
accepted method. 

{h) Brushouts of the standard paint 
and the sample paint shall be prepared 
as described in Paragraph (c) at a con- 
venient and suitable spreading rate mu- 
tually agreed upon by the purchaser and 
the seller and preferably lying within the 
range of 400 to 800 sq. ft. per gal. 

{c) The standard paint shall be well 
stirred and the brush dipped into the 
paint and worked out on a suitable sur- 
face. The desired quantity of paint 
shall be taken up in the syringe, and the 
syringe and wet brush weighed in the 
empty container. The paint shall then 
be spread over the surface of the chart, 
tlie syringe returned to the empty con- 
tainer, and the paint brushed out uni- 
formly over the test surface, care being 
taken to cover only the test area. The 
empty syringe, wet brush, and container 
shall again be weighed. The loss of 
weight represents the weight of paint 
applied to the test surface. A test chart 
shall then be prepared from die sample 
paint in the same manner and at the 
same spreading rate. Both painted test 
surfaces shall then be set aside to dry. 

(d) After the test surfaces are thor- 
oughly dry, they shall be placed side by 
side against a flat surface. The stand- 
ard and sample brushouts shall be 
viewed in juxtaposition under a reason- 
able intensity of diffused light, prefer- 
ably nortliern skylight or a source 


approximating northern skylight. The 
observer should view the brushouts from 
a distance of 5 to 10 ft. n 

Relative Bry Hiding Power 

6. If the apparent ■ contrast existing 
on the brushout of the sample paint is 
adjudged equal to or less than that ex- 
isting on the brushout of the standard 
paint, the sample paint shall be said to 
be equal to or better than the standard 
paint in relative dry hiding power as 
defined in Section 2. 

Optional Procedure 

7. {a) In many cases it is not suffi- 
cient to indicate that the sample paint 
is better or poorer than the standard, 
and the amount of difference shall be 
determined quantitatively. The op- 
tional procedure described in Paragraphs 
{b) and (c) is recommended for deter- 
mining quantitative differences in hiding 
power. It may be used in place of the 
procedure outlined in Section 5. 

{h) The sample paint shall be applied 
to a brushout board as described in Sec- 
tion 5 (c) at the spreading rate mutually 
agreed upon or at a convenient spread- 
ing rate. A series of brushouts shall be 
made from the standard paint. The dif- 
ference in spreading rate between suc- 
cessive steps in tliis series should be 
approximately 15 per cent. The range 
of spreading rate covered by this series 
should be sufficient to give contrasts 
above and below that of the brushout 
of the sample paint (estimated from the 
probable difference in relative dry hiding 
power, if known) or should cover the 
entire range of spreading rate conven- 
ient to apply with the standard paint. 
The painted test surfaces shall be set 
aside to dry. 

(c) Under the conditions of illumina- 
tion and viewing, as described in Section 
5 (d), the brushout of the sample paint 
shall be compared with a series of brush- 
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outs of the standard paint, numbered, 
beginning with one, in order of decreas- 
ing spreading rate for convenience of 
handling. It will be found to be equal 
in contrast to one brushout of the stand- 
ard, or to be intermediate in contrast 
between two adjacent standards in the 
series of standard brushouts. If the 
sample is found to be between two adja- 
cent standards in contrast, the sample 
shall be viewed against these standards 
with the higher and lower standard on 
either side. For purposes of grading, 
the contrast interval between the two 
standards shall be considered as 10 ar- 
bitrary units. The position of the sam- 
ple shall be estimated on this arbitrary 
scale. Thus, if the sample appears 
equally distant in contrast from either 
standard, it will be graded 5 on the 
arbitrary scale. If nearer the standard 
of less contrast, it will be graded 6, 7, 
8, or 9 as the case might be. The grad- 
ing shall be recorded in terms of the 
number of the standard brushout of 
higher spreading rate followed by a 
decimal point and the grading of the 
arbitrary scale. In making this grad- 
ing it is important that the sample be 


graded between the two standards 
with the standard of lesser contrast first 
on the right and then on the left. The 
two gradings thus obtained shall be 
averaged to give the final grading figure. 


Calculation 

8. The hiding power of the sample of 
paint shall be calculated as follows: 


Hiding 

power 


- X f X 100 

oi 


where: 

Wi = weight of paint on the brush- 
out of the heavier grading 
standard, 

W 2 = weight of paint on the brush- 
out of the lighter grading 
standard, 

W'i = weight of paint on the brush- 
out of the sample paint, 

X = contrast grading (decimal por- 
tion of the recorded grading). 

Si = weight per gallon of the stand- 
ard paint, and 

6*2 = weight per gallon of the sample 
paint. 


Standard Method of Test for 

CONSISTENCY OF EXTERIOR HOUSE PAINTS AND 
ENAMEL-TYPE PAINTS^ 



A.S.T.M. Designation: D 562 - 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D S62; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended for 
determining the consistency of exterior 
house paints and enamel-type paints. 

Consistency 

2. For the purpose of this method, 
consistency is expressed in terms of the 
weight required to produce the specified 
speed. 

Apparatus 

3. The apparatus shall consist of the 
following: 

{a) Viscosimeter . — A Stornier vis- 
cosimeter with the paddle-type rotor as 
illustrated in Figs. 1 and 2. Inter- 
calibration of any two viscosimeters 
may be carried out by determining the 
load in grams required to produce a 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T,M. Com- 
mittee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

5 Prior to adoption as standard, this method was pub- 
lished as tentative from 1942 to 1944. 



Fig. L—Stormer Viscosimeter with. Paddle-Type 
Rotor. 


shearing rate of 200 rpm. with a stand- 
ard oil having a viscosity of 10 to 15 
poises at 25 C. 
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(6) Container . — A 1-pt. friction-top 
can, 3f in. in diameter or other suitable 
container of that diameter having a 


capacity of 1 pt. 

5mm. diom 


< 48 mm -. — > 



1 1 24irim. 

s . 

< >1 5 ^ 


24mm. ^ S 

1 1 . cn 

i H 

iJir 


(§ Blades O . lSmm . 

^ Thick 

Fig. 2. — Paddle-Type Rotor for Use with 
Stormer Viscosimeter. 


Procedure 

4. Thoroughly mix the sample of 
paint and strain it into the 1-pt. con- 
tainer and allow the paint to stand over 
12 to 24 hr. Bring the temperature of 


the sample to 25 i 0.25 C. and maintain 
it at that temperature during the test. 
Place the container on the platform of 
the viscosimeter so that the paddle-tj^e 
rotor is immersed in the sample just to 
the mark on the shaft of the rotor. 
Before starting the test, turn the rotor 
through approximately 100 revolutions 
in 25 to 35 sec. Then, using different 
weights determine the time required for 
100 revolutions of the rotor. Select 
weights that will give at least two read- 
ings within a range of 27 to 33 sec. 
Make these determinations from a run- 
ning start, that is, permit the rotor to 
make at least 10 revolutions before 
starting the count of a test. 

Report 

5. Plot the time in seconds required 
for 100 revolutions of the rotor against 
the load in grams. Report the consist- 
ency as the weight in grams necessary 
to produce 100 revolutions of the rotor 
in 30 sec. This value may be taken 
from the curve or interpolated from the 
results obtained. 



Standard Method of Test for 

SPECTRAL CHARACTERISTICS AND COLOR OF OBJECTS 
AND MATERIALS* 



A.S.T.M. Designation: D 307 - 44 

Adopted, 1944.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 307 ; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is intended to 
determine the spectral characteristics of 
light-transmitting objects and of light- 
reflecting objects and materials, and 
to designate their colors. 

Note 1. — The method of designating colors 
has come into wide acceptance since its recom- 
mendation in 1931 by the International Com- 
mission on Illumination.® It is intended prima- 
rily for light-reflecting and light-transmitting 
specimens whose spectral characteristics have 
been determined by the spectrophotometer, but 
it is also applicable to the expression of color 
measurements by visual or photoelectric 
colorimeters. 

Note 2. — If portions of a test specimen to 
which the measurement applies are homogene- 
ous, the measurement is taken as characteristic 
of the material of the specimen; thus, a specimen 
consisting of an opaque paint film or an opaque 


' Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1929 to 1930, being revised in 1930. 
It was adopted as standard in 1930, published as stand- 
ard from 1930 to 1937, but revised and republished as 
tentative from 1937 to 1939, being revised in 1939. It was 
again adopted as standard in 1939, published as- standard 
from 1939 to 1942, but revised and republished as tentative 
in 1942. 

» FfOMedings, Eighth Session, Commission Internation- 
ale de I’Eclairage, Cambridge, England, September, 1931, 
pp. 19-29. 


layer of paper is a specimen of material (paint 
or paper). But if the effective portions of the 
specimen consist of two or more materials so 
combined that the measurement depends upon 
their arrangement, the measurement charac- 
terizes, not a material, but objects which are 
constructed from the same materials in the 
same way; thus, a specimen consisting of an 
incompletely hiding paint film on a ground coat 
represents, not a material, but simply a group 
of objects made from the superimposition of a 
particular finishing coat on a particular ground 
coat. A specimen of light-reflecting material 
shall consist of a layer so thick that further 
increase in thickness will not cause a change in 
appearance. 

Description of Terms and Symbols 

2. (a) TrisHmulus Designations, X, 
Y, Z . — ^The evaluations of the color as 
determined in accordance with this 
method. 

Note. — ^The appearance of materials and 
objects is not completely defined by this evalua- 
tion of color, but may also be influenced by other 
properties such as texture and gloss. 

(&) Tristimulus Designations of a Spec- 
trum of Unit Irradiance per Unit Wave 
Length, x\, y\, z\. — ^The functions of wave 
length which serve to define the X, Y, 
and Z scales. 
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Note. — ^Tlie functioiij is known as spec- 
tral luminosity. It evaluates the light-produc- 
ing capacity, or luminous efficiency, of radiant 
energy. 

(c) Spectral Irradiance, B \. — The den- 
sity of radiant flux incident on an ele- 
ment of surface per unit wave length. 

Note. — A source characterized by values of 
spectral irradiance constant throughout the 
spectrum is known as an “equal-energy source.” 

(d) Tristhmilus Designations, Xo, Yo, 
Zo.— The color designations of the 
standard used in the spectrophotometric 
measurements of the test specimen. 

(e) Trichromatic Coefficients, x, y, z . — 
Tristimulus designations expressed as 
fractions of their total, as follows:' 

= Z 
Z-h FH-Z 
7 

y- X^Y^Z 

^ “ Z-t- F-fZ 

(/) Spectral Transmission, T \. — ^The 
ratio of transmitted energy to the spec- 
trally homogeneous energy incident on 
any test specimen. 

(g) Luminous Transmission, T*. — 
The ratio of transmitted to incident 
light. 

Note. — ^Luminous transmission is a function 
of the spectral distribution of the incident 
energy. It may be calculated from spectral 
transmission, T\, and the spectral luminosity, 

as follows: 

T\E\y\A'X 

y ^ 0 

^ E\y\AX 
0 

(A) Spectral Reflectance^- — ^The ratio of 
the reflected energy to the spectrally 
homogeneous energy incident on any 
test specimen. 

Note. — Spectral reflectance depends upon 
the angular distribution of the incident energy. 


(i) Spectral Reflectivity. — ^The spectral 
reflectance of a test specimen consisting 
of a layer of material of sufficient thick- 
ness that any increase would fail to 
change this ratio. 

Note. — Spectral reflectivity depends upon 
the angular distribution of the incident energy. 

(j) Spectral Apparent Reflectance . — 
The spectral reflectance which an ideal 
diffusing surface would need to possess 
in order to yield the same appearance as 
the test specimen under the same illu- 
minating and viewing conditions. 

Note. — Spectral apparent reflectance de- 
pends upon the ,, angular distribution of the 
incident light and upon the direction of viewing. 

(k) Spectral Apparent Reflectivity, R\. 
— ^The spectral reflectance which an 
ideal diffusing surface would need to 
possess in order to yield the same ap- 
pearance as the test material under the 
same illuminating and viewing con- 
ditions. 

Note. — Spectral apparent reflectivity de- 
pends upon the angular distribution of the 
incident light and upon the direction of viewing. 
It differs from spectral apparent reflectance 
only because it characterizes a material rather 
than a specimen. The ending “ivity” is cus- 
tomarily reserved for this meaning. 

{1) Luminous Reflectance. — ^The ratio 
of the light reflected by any test speci- 
men to that incident on it. 

Note. — ^Luminous reflectance depends upon 
the spectral and angular distribution of the 
incident energy. 

{m) Luminous Reflectivity. — ^The lu- 
minous reflectance of a test specimen 
consisting of a layer of material of 
sufficient thickness that any increase 
would fail to change this ratio. 

Note. — ^Luminous reflectivity depends upon 
the spectral and angular distribution of the 
incident energy. 

{n) Luminous Apparent Reflectance. 
—The luminous reflectance which a per- 
fectly diffusing surface would need to 
possess in order to appear exactly as 
bright as the test specimen under the 
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same illuminating and viewing condi- 
tions. 

Note, — Luminous apparent reflectance de- 
pends upon the spectral and angular distribution 
of the incident energy and upon the direction 
of viewing. 

(o) Luminous Apparent Reflectivity, 
i?s.— The luminous reflectance which a 
perfectly diffusing surface would need to 
possess in order to appear exactly as 
bright as the test material under the 
same illuminating and viewing con- 
ditions. 

Note. — ^I,.uminous apparent reflectivity de- 
pends upon the spectral and angular distribution 
of the incident energy and upon the direction 
of viewing. It may be calculated from spectral 
apparent reflectivity, Ri, and the spectral 
luminosity, %, as follows: 

R\E\yxA\ 

= J._ 

^ E\yxA\ 

0 

(p) Spectral Characteristics . — ^The ap- 
propriate quantity as a function of wave 
length by means of which the test speci- 
men is characterized. Spectral trans- 
mission as a function of wave length 
characterizes a light-transmitting speci- 
men; spectral apparent reflectivity char- 
acterizes a light-reflecting material; and 
spectral apparent reflectance character- 
izes a light-reflecting object. 

Apparatus 

3. The apparatus shall consist of a 
spectrophotometer by means of which 
the spectral characteristics of the test 
specimen may, within the limits of the 
visible spectrum, be determined. Such 
apparatus may be of either the visual 
or the photoelectric type, but shall be 
suitable for determinations throughout 
the visible spectrum. The apparatus 
shall be so designed as to provide for 
the elimination of stray energy. This 
may be done by such means as the in- 
troduction of stray-energy filters or the 
use of two dispersing prisms. 


Standards 

4. (o) For transparent specimens, the 
incident light shall be used as a standard 
relative to which the transmitted light is 
evaluated. 

(6) For reflecting specimens, either of 
the following shall be used as a standard: 

(1) The ideal, completely reflecting, 
completely diffusing surface, or 

(2) A layer (at least 0.5 mm. in 
thickness) of magnesium oxide, freshly 
prepared by collecting the smoke from 
burning magnesium ribbon or shavings 
on a suitable surface. 

Note. — ^For further information regarding 
the preparation of fumed standards, see “Prep- 
aration and Colorimetric Properties of a Mag- 
nesium-Oxide Reflectance Standard," Letter 
Circular LC-547, Nat. Bureau Standards, 
March, 1939. 

Illumination and Viewing 

5. {a) The angular distribution of the 
light incident on the test specimen shall 
be specified, stating whether the illu- 
mination is diffuse, nearly diffuse, or 
nearly unidirectional. If nearly uni- 
directional, the direction and angular 
size of the source shall be specified. Un- 
less there is a special reason for doing 
otherwise, light-transmitting specimens 
shall be illuminated only from directions 
near the perpendicular to the surface. 

(fl) If a test specimen be viewed by 
reflected light the angular distribution 
of the light incident on it shall be identi- 
cal with that incident on any standard, 
such as a layer of magnesium oxide, 
with which it is compared. 

(c) The direction and angular size 
of the viewing element shall be specified. 

Note. — ^Tliis method of measuring the spec- 
tral characteristics of a test specimen serves to 
specify those of its optical properties which are 
responsible for its color, subject, however, to the 
limitation that the color may depend upon the 
manner of illumination and viewing. For 
glossy samples in particular, it is important to 
specify the manner of illumination and viewing, 
and the most essential single characteristic is 
•whether or not the specular component of re- 
flected energy is included in the measurement. 
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Since glossy samples are customarily examined 
for color in such a way as to avoid specularly 
reflected light as much as possible, it is recom- 
mended that in these measurements also, the 
specular component be excluded by proper 
choice of illuminating and viewing conditions 
(such as 45-deg. illumination with perpendicular 
viewing, as recommended in 1931 by the Inter- 
national Commission on Illumination) or by 
application of a suitable correction. It should 
be noted that a light-reflecting specimen re- 
quires for specification of its appearance, in 
addition to the above, some measure of its gloss. 
This procedure is beyond the intended scope of 
this method and such measurement of gloss 
shall be made in accordance with the Tentative 
Method of Test for Specular Gloss of Paint 
Finishes (A.S.T.M. Designation: D 523) of the 
American Society for Testing Materials.'* 

Calibrations 

6. (a) ' The calibration of the photome- 
ter scale, or other intensity-measuring 
unit, shall be carefully checked at rea- 
sonable time intervals in a manner to 
insure accuracy over the entire range. 

(b) The accuracy of the wave-length 
calibration shall be adequately checked 
at reasonable time intervals. 

(c) The slit width shall be adjusted so 
that slit-width corrections are negligible; 
otherwise these corrections shall be ap- 
plied. 

Procedure 

7. (a) The test specimen shall be 
handled carefully to avoid discoloration, 
and care shall be taken not to touch the 
area to be tested except for application 
of a suitable cleaning process. The con- 
dition of the test specimen before and 
after analysis shall be carefully noted 
and any change in the appearance of the 
surface of the tested area shall be re- 
corded. 

(6) Determination of spectral char- 
acteristics relative to the standard shall 
be made throughout such wave-length 
range within the visible spectrum and 
at such wave-length intervals that the 
curve drawn by interpolation and extra- 

^ Appears ia this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


polation would not be changed signifi- 
cantly by taking further readings. 

Note. — Readings at 20 m/t intervals between 
400 and 700 mp are often sufficient; 10 nipt 
intervals between 380 and 770 mpt usually are 
sufficient. Typical curves of flat paints are 
shown in Fig. 1. 



Note.— T he red, gray and blue paints were prepared 
by extending cadmium red, ivory black, and Prussian blue, 
respectively, with zinc white. 

Fig. 1. — T 3 tpical Curves of Spectral Apparent 
Reflectivity. 

(c) If spectral apparent reflectivity of 
a material is being determined, the test 
specimen shall consist of a layer of the 
material so thick that further increase 
in thickness will not cause a change in 
appearance (see Note 2, Section 1). 

Rejection 

9. If the test specimen undergoes a 
visible change during the analysis, the 
readings shall be rejected (see Section 
7 (a)). 

Report 

10. The report of the spectral charac- 
teristics of a test specimen shall consist 
of the following: 

(a) The spectral transmission, T\, of 
a light-transmitting object, or the spec- 
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tral apparent reflectance of a light- 
reflecting object, or the spectral appar- 
ent reflectivity, R\, of a light-reflecting 
material. 

Note. — I f the test specimen is a translucent 
object which both transmits and reflects ap- 
preciable quantities of light, it may be necessary 
to report both its spectral transmission and its 
spectral apparent reflectance. 

(6) The manner of illumination and 
manner of viewing, as specified in Sec- 
tion 5 (a) and (c ) . 

General Plan of Color Designation 

11. The color of a nonself-luminous 
specimen depends both upon the spec- 
tral composition of the illuminant and 
upon the spectral characteristics of the 
specimen itself. The method of des- 
ignating the color of a material or ob- 
ject under a particular illuminant is to 
evaluate the light leaving it on each of 
three scales, an X-scale, a P’-scale, and 
a Z-scale. The color of a light-trans- 
mitting object for a particular illu- 
minant should be designated by its 
luminous transmission, T,, and trichro- 
matic coefficients, a; and y, for that illu- 
minant. Similarly, the color of a 
reflecting material under a particular 
illuminant should be designated by its 
luminous apparent reflectivity, i?.,, and 
its trichromatic coefficients, a: and y, for 
that illuminant. Also, the color of a 
reflecting object under a particular 
illuminant should be designated by its 
luminous apparent reflectance and its 
trichromatic coefficients, .v and y, for 
that illuminant. These quantities may 
be found from the values of X, F, and 
Z for the test specimen and standard as 
described in Sections 12 and 13. 

Standard lUuminants 

12. Standard illuminant A shall be 
used if the color of the test specimen in 
incandescent lamplight is of interest, 
standard illuminant B for the color of 
the specimen in sunlight, and standard 


illuminant C for the color of the speci- 
men in average daylight.® The relative 
spectral irradiance, £x, of these three 


TAByi^I .— relative spectral IRRADIANCE OF 
THE THREE STANDARD ILLUMINANTS, 

A, B, AND C, 



standard illuminants throughout the 
visible spectrum is given in Table I, and 
the trichromatic coefficients, x, y, s, of 


‘ For information regarding the procurement of lamps 
and liquid filters required to duplicate these standard, illu- 
minants, reference should be made to the following articles : 

Proceedings, Eighth Session, Commission Internation- 
ale de rficlairage, Cambridge, England, September, 1931, 
pp. 19-29. 

A. C. Hardy, “Handbook of Colorimetry,” p. 16, 
Tedmology Press, Cambridge, Mass. (1936). 

D. B. Judd, “The IQM I.C.I. Standard Observer and 
Coordinate System for Colorimetry,” Journal, Optical 
Soc. America, Vol. 23, p. 3S9 (1933) . 

. R. Davis and K. S. Gibson, "Filters for the Reproduc- 
tion of Sunlight and Daylight and the Determination of 
Color Temperature,” Miscellaneous Publication No. 114, 
Nat. Bureau Standards (1931). 
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the standard illuminants are given in 
Table 11. 

TABLE II.— trichromatic COEFFICIENTS OF 
THE STANDARD ILLUMINANTS. 


Standard 

Illuminant 


A. 

B. 


Procedure 



step the products, R^Exh, RxEx,%, 
and R\Exh are found throughout the 
visible spectrum. 

(c) The light leaving the specimen of 
spectral composition, R\E\, is evalu- 
ated on the X-scale for the whole spec- 
trum by adding together the values of 
X found for the intervals of the spec- 
trum separately. The light is also 
evaluated on the Y and Z scales in the 
same way. From this step are found 
the three numbers, X", F, and Z: 


13. (a) The spectral composition of 
the light leaving a nonself-luminous 
reflecting material is found by multi- 
plying, for each wave length of the 
visible spectrum, the spectral irradiance. 
Ex, of the illuminant by the spectral 
apparent reflectivity, Rx, of the material; 
that is, the product, RxEx, is found 
throughout the visible spectrum (380 to 
770 m^). If magnesium oxide is used 
as the standard, the spectral apparent 
reflectivity of the test specimen should 
be expressed relative to that for mag- 
nesium oxide. 

Note 1.— The evaluation of X, F, and Z for 
a transparent object viewed by transmitted 
light, or for an opaque object viewed by reflected 
light, is found in a way strictly analogous to that 
for an opaque layer of material viewed by 
reflected light. The spectral transmission, T\, 
and spectral apparent reflectance of an object 
serve the same purpose as the spectral apparent 
reflectivity, Rx, of a reflecting material. 

(&) The light leaving the specimen of 
spectral composition, R\Ex, is evalu- 
ated on the X-scale for each part of the 
spectrum by multiplying the correspond- 
ing RxEx by the X-value for unit 
irradiance for that part of the spectrum. 
This light is also evaluated on the F, 
and Z scales in the same way. Table 
III gives the X, F, and Z values for 
unit irradiance throughout the visible 
spectrum for each 5-mju interval. 
These values are identified by the sym- 
bols, xx, yx, zx, respectively. From this 


^ ^ i?x ,ExixA\ 
0 


F = ^ Ex Ex yx AX 




Note 2. — For materials of usual spectral 
selectivity, an accurate evaluation of X, F, and 
Z is obtainable by setting AX = 10 m/.i; but for 
some materials it is found necessary to take 
AX = 5 mu or even less. For interpolated 
values of xx, %, and zx for each millimicron from 
380 to 770 mu, see A. C. Hardy, “Handbook of 
Colorimetry,” Technology Press, Cambridge 
(1936). The selected-ordinate method of calcu- 
lating X, F, and Z, in many circumstances 
the most rapid, is also described there.®*'' 

(d) Calculate the luminous apparent 
reflectivity, Rs, and two of the three 


6 For further information regarding methods of carrying 
out these calculations, reference should be made to the fol- 
lowing articles: 

T. Smith, “Condensed Tables for Colour Computa- 
tion,” Proceedings, Physical Soc., London, Vol. 46, p. 372 
(1934). 

D. Nickerson, “Disk Colorimetry; Including a Compar- 
ison of Methods lor Computing Tristimulus Values for 
Certain Disks,” Journal, Optical Soc. America, Vol. 25, 
p. 2S3 (1935). 

H.W. Swank andM. G. Mellon, “A Calculator for Ob 
taining Tristimulus Values from Spectrophotometric 
Data,” Journal , Optical Soc. America, Vol. 27, p. 414 (1937). 

F. W. Sears, “An Improved Calculator for Obtaining 
Tristimulus Values from Spectrophotometric Curves,” 
Journal, Optical Soc. America, Vol. 29, p. 77 (1939). 

J. A, Van den Akker, “A Mechanical Integrator for 
Evaluating the Integral of the Product of Two Functions 
and Its Application to the Computation of I.C.I. Color 
Specifications from Spectrophotometric Curves,” Journal, 
Optical Soc. America, Vol, 29, p. 364 (1939). 

T For attachments to the spectrophotometer to perform 
these calculations automatically, reference should be made 
to the following articles: 

A. C. Hardy, “A New Recording Spectrophotometer,” 
Journal, Optical Soc. America, Vol. 25, p. 305 (1935). 

J, Razek, “Electrical Device for the Determination of 
Trifinear Coordinates for the Razek-Mulder Color Ana- 
lyzer,” Journal, Optical Soc. America, Vol, 24. p, 54 (1934). 
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trichromatic coefficients x and y, as 
follows: 





y - 


X 

r + F + 2 

F 

X + F + F 


standard (see Table II) are found by 
calculating the following ratios: 


Xo 

X, + F„ + 2/ 


and 


F, 

Xo + Fo + 2o 

Table III gives the trichromatic coeffi- 



Fig. 2. — The (x, y) -Diagram Showing the Spectrum Colors. 


It is customary to use a plot of y against 
a; in rectangular coordinates (called a 
chromaticity diagram or mixture dia- 
gram) as an aid in determining the re- 
lation of the color of the specimen to 
known colors. For this purpose the 
colors of the spectrum and that of the 
standard are most frequently used. 
The trichromatic coefficients of the 


cients, x, y, z, of the spectrum colors, 
and the spectrum colors on the {x, y)~ 
diagram are shown in Fig. 2. 

Note 3. — tlie specimen is a transparent 
object, the ratio, F/Fo, should be designated 
the luminous transmission; if it is a reflecting 
object consisting of a top translucent layer 
backed by a different material, the ratio F/F« 
should be designated the luminous apparent 
reflectance. 
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Report 

14. The report of the color designa- 
tion of the test specimen shall consist 
of the following: 

(a) The trichromatic coefficients, x 
and y. 


specimen is a reflecting material, a re- 
flecting object, or a light-transmitting 
object, respectively. 

(c) The manner of illumination and 
manner of viewing as specified in Sec- 
tion 5 (a) and (c). 


TABLE III.—THE 1931 I.C.l. STANDARD OBSERVER. 


Trichromatic 

Coefficients 

i 

Wave 

Length, 

m;t 

Tristimulus Specifications 
of the Equal-energy 
Spectrum 

Trichromatic 

Coefficients 

Wave 

Length, 

mu 

Tristimulus Specifications 
of the Equal-energy 
Spectrum 


y 

I ^ ■ 1 

a-x 

n 

h 

* 

y 

2 


y\ 

h 

0, 

,1741 

0.0050 

0 

.8209 

380 

0.0014 

0.0000 

0.0065 

0.S12S 

0.4866 

0.0009 

580 

0.9163 

0.8700 

0.0017 

0. 

.1740 

0.0050 

0 

.8210 

385 

0.0022 

0.0001 

0.0105 

0.5448 

0.4544 

0.0008 

585 

0.9786 

0.8163 

0.0014 

0, 

.1738 

0.0049 

0 

.8213 

390 

0.0042 

0.0001 

0.0201 

O.S7S2 

0.4242 

0.0006 

590 

1.0263 

0.7570 

o.oon 

0, 

.1736 

0.0049 

0 

.8215 

395 

0.0076 

0.0002 

0.0362 

0.6029 

0.3965 

0.0006 

595 

1.0567 

0.6949 

0.0010 

0, 

.17.3.3 

0.0048 

0 

.8219 

400 

0.0143 

0.0004 

0.0679 

0.6270 

0.3725 

O.OOOS 

600 

1.0622 

1 0.6310 

0.0008 

0. 

.1730 

0.0048 

n 

.«22?, 

405 

0.0232 

0.0006 

0.1102 

0.6482 

0.3514 

0,0004 

605 

1,0456 

0.5668 

0.0000 

0, 

.1726 

0.0048 

0 

,87,26 

410 

0.043S 

0.0012 

0.2074 

0.6658 

0.3340 

0.0002 

610 

1.0026 

, 0.5030 

0.0003 

0, 

.1721 

0.0048 

0 

,82,31 

415 

0.0776 

0.0022 

0.3713 

0.6801 

0.3197 

0.0002 

615 

0.9384 

0.4412 

0.0002 

0, 

.1714 

0.0051 

0, 

,8235 

420 

0.1344 

0.0040 

0.6456 

0.6915 

0.3083 

0.0002 

620 

0.8544 

0.3810 

0.0002 

0. 

.170.3 

0.0058 

0. 

,8239 

425 

0.2148 

0.0073 

1.0391 

0.7006 

0.2993 

0.0001 

625 

0.7514 

0.3210 

0.0001 

0, 

.1689 

0.0069 

0, 

,8242 

430 

0.2839 

0.0116 

1.3856 

0.7079 

0,2920 

0.0001 

630 

0.6424 

0.2650 

0.0000 

0, 

.1669 

0.0086 

0 

,874,3 

435 

0.3285 

0.0168 

1.6230 

0.7140 

0.2859 

0.0001 

635 

0.5419 

0.2170 

0.0000 

0, 

.1644 

0.0109 

0 

.8247 

440 

0,3483 

0.0230 

1.7471 

0.7190 

0.2809 

0.0001 

640 

0.4479 

0.1750 

0.0000 

0, 

.1611 

0.0138 

0, 

,8251 

445 

0.3481 

0.0298 

1,7826 

0.7230 

0.2770 

0.0000 

645 

0.3603 

0.1382 

0.0000 

0, 

.1566 

0.0177 

0, 

,8257 

450 

0.3362 

0.0380 

1.7721 

0.7260 

0.2740 

0,0000 

650 

0,28.15 

0.1070 

0.0000 

0, 

.1510 

0.0227 

0, 

,8263 

455 

0.3187 

0.0480 

1.7441 

0.7283 

0.2717 

0.0000 

655 

0,2187 

0.0816 

0.0000 

0 

.1440 

0.0297 

0, 

.8263 

460 

0.2908 

0.0600 

1.6692 

0.7300 

0.2700 

lo.oooo 

660 

0.1649 

0,0610 

0.0000 

0, 

.1355 

0.0399 

0, 

,8746 

465 

0.2511 

0.0739 

1.5281 

0.7311 

0.2689 

0.0000 

665 

■0.1212 

0.0446 

0.0000 

0, 

.1241 

0.0578 

0. 

,8181 

470 

0.19S4 

0.0910 

1.2876 

0.7320 

0.2680 

0.0000 

670 

0.0874 

0.0320 

0.0000 

0, 

.1096 

0.0868 

0, 

.8036 

475 

' 0.1421 

0.1126 

1.0419 

0.7327 

0.2673 

0.0000 

675 

0.0636 

0.0232 

0.0000 

0. 

.0913 

0.1327 

0, 

,7760 

480 

0.0956 

0.1390 

0.8130 

0.7334 

0.2666 

0,0000 

680 

0.0468 

0.0170 

O.OOOQ 

0, 

.0687 

0.2007 

0, 

.7306 

485 

0.0580 

0.1693 

0.6162 

0.7340 

0.2660 

0.0000 

685 

0.0329 

0.0119 

0.0000 

0, 

.0454 

0.2950 

0, 

.6596 

490 

0.0320 

0.2080 

0.4652 

0.7344 

0.2656 

0.0000 

690 

0.0227 

0.0082 

0.0000 

0, 

.0235 1 

0.4127 

0, 

.5638 

495 

0.0147 

0.2586 

0.3533 

0.7346 

0.2654 

0.0000 

695 

0.0158 

0.0057 

0.0000 

0, 

,0082 

0.5384 

0, 

.4534 

500 

0.0049 

0.3230 

0.2720 

0.7347 

0.2653 i 

0.0000 

700 

0.0114 

0.0041 

0.0000 

0, 

.0039 

0.6548 

0, 

.3413 

505 

0.0024 

0.4073 

0.2123 

0.7347 

0.2653 

0.0000 

705 

0.0081 

0,0029' 

0.0000 

0, 

.0139 

0,7502 

0, 

.2359 

510 

0.0093 

O.S030 

0.1582 

0.7347 

0.2653 

0.0000 

710 

0.0058 

0.0021; 

0.0000 

0, 

.0389 j 

0,8120 

0, 

.1491 

515 

0.0291 

0.6082 

0.1117 

0.7347 

0.2653 

0.0000 

715 

0.0041 

0.0015! 

0.0000 

0. 

.0743 

0.8338 

0 

.0919 

520 

0.0633 

0,7100 

0.0782 

0.7347 

0.2653 

0.0000 

720 

0.0029 

0.0010 

0.0000 

0. 

.1142 

0.8262 

0, 

.0596 

525 

0.1096 

0.7932 

0.0573 

0.7347 

0.26S3 

0.0000 

725 

0.0020 

0,0007: 

0.0000 

0. 

.1547 

0.8059 

0 

.0394 

530 

0.1655 

0.8620 

0,0422 

0.7347 

0.2653 

0.0000 

730 

0.0014 

O.OOOS 

0.0000 

0, 

.1929 

0.7816 

0, 

.0255 

535 

0.2257 

0.9149 

0.0298 

0.7347 

0.2653 

0.0000 

735 

0.0010 

0.0004 

0.0000 

0. 

.2296 

0.7543 

0, 

,0161 

540 

0.2904 

0.9540 

0.0203 

0,7347 

0.2653 

O.OOOQ 

740 

0.0007 

0.0003 

0.0000 

0. 

.2658 

0.7243 

0, 

.0099 

545 

0.3597 

0.9803 

0.0134 

0.7347 

0.2653 

0.0000 

745 

O.OOOS 

0.0002 

0.0000 

0, 

.3016 

0.6923 

0, 

.0061 

, 550 

0.4334 

0.9950 

0.0087 

0.7347 

0.2653 

0.0000 

750 

0.0003 

0.0001 

Q.OOQO 

0. 

.3373 

0.6589 

0, 

.0038 

555 

0.5121 

1.0002 

0.0057 

0.7347 

0.2653 

0.0000 

755 

0.0002 

0.0001 

0.0000 

0. 

.3731 

0.6245 

0. 

.0024 

560 

0.5945 

0.9950 

0.0039 

0.7347 

0.2653 

0.0000 

760 

0.0002 

0.0001 

0.0000 

0. 

.4087 

0.5896 

0, 

,0017 

565 

0.6784 

0.9786 

0.0027 

0.7347 

0.2653 

0.0000 

765 

0.0001 

0.0000 

0.0000 

0. 

.4441 

0.5547 

0, 

.0012 

570 

0.7621 

0,9520 

0.0021 

0.7347 

0.2653 

0.0000 

770 

0.0001 

0.0000 

0.0000 

0. 

,4788 

0.5202 

0. 

,0010 

575 

0.8425 

0.9154 

0.0018 

0.7347 

0.2653 

0.0000 

775 ‘ 

0.0000 

0.0000 

0,0000 

0. 

5125 

0.4866 

0. 

,0009 

580 

0.9163 

0,8700 

0.0017 

0.7347 

0.2653 

0.0000 

780 

0.0000 

0.0000 

0.0000 


Totals 












21.3713 

21.3714 

21.3715 
















(b) The luminous apparent reflec- 
tivity, the luminous apparent re- 
flectance, or the luminous transmission, 
Tt, depending upon whether the test 


(d) The illuminant to which the color 
designation of the test specimen applies; 
that is, whether the standard illuminant, 
A, B, or C, or some other illuminant. 



Standard Method of Test for 


ABRASION RESISTANCE OF ORGANIC COATINGS WITH THE 
AIR BLAST ABRASION TESTERS 



A.S.T.M. Designation: D 658 *- 44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 658; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. This method of test is primarily 
intended for determining the abrasion 
resistance of organic coatings when ap- 
plied to flat sheet metal of uniform sur- 
face texture. 

Nature of Test 

2. In this method the abrasion re- 
sistance of organic coatings is determined 
by the amount of abrasive required to 
wear through a unit film thickness of the 
coating when the abrasive is allowed to 
impinge on the coating at a uniform rate, 
under the action of a controlled air 
blast. 

Apparatus 

3. The apparatus shall consist of the 
following: 


1 Under the standardization procedure of the Society, 
this metliod is under the jurisdiction of the A.S.T.M. Com- 
mittee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1942 to 1944. 


(a) Abrasion Tester . — An abrasion 
tester such as is illustrated in Figs. 1 
and 2. 

(&) Air-Control Assembly.— ko. air- 
control assembly such as is illustrated in 
Fig. 3. 

Standardization of Abrasion Tester 

4. The abrasion tester, equipped with 
a standard glass nozzle, shall be as- 
sembled as illustrated in Fig. 1. The 
inner tube of the nozzle, as illustrated 
in Fig. 4, shall be connected by a flexible 
tubing to a suitable oil-free air supply, 
which shall be delivered from control 
apparatus (see Fig. 3) capable of main- 
taining the pressure within plus or minus 
l.S mm. of mercury of the specified test 
pressure. For purposes of standardiza- 
tion the test pressure shall be adjusted 
to 10 cm. of mercury and the abrasive 
outlet opened. The machine shall be 
run for 3 min. and shall deliver an 
average of 44 ± 1 g. of carborundum per 
minute. The diameter of the air tubing 
shall be sufficiently large to permit a 
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jBow of air of 2.5 cu. ft. per min. at the 
nozzle. When these conditions are real- 
ized, the machine may be considered 
standardized and suitable for abrasion 
resistance determinations. 

Note. — F or purposes of interlaboratory 
standardization, the machines may be further 
standardized by using as a basis for comparison 
a material mutually agreed upon by the pur- 


Note. — ^The method may also be adapted for 
the testing of larger specimens or coated parts. 

(b) The organic coating whose abra- 
sion resistance is to be determined shall 
be applied to the clean metal panels in 
such a manner that a coating of uniform 
thickness is obtained.® The time be- 
tween application of the coating and the 



Fig 1. — ^Abrasion Test Apparatus (Closed). 


chaser and the seller. The abrasion resistance 
results thus obtained should agree within plus 
or minus 2.5 per cent. 

Test Specimen 

5. (a) The metal panels upon which 
the coating is applied shall be not more 
than 5 in. in length, 4 in. in width, and 
I in. in thickness (Note). The surface 
preparation of the panels shall be agreed 
upon by the purchaser and the seller. 


testing of the specimen, as well as the 
temperature and humidity environment 
used for maturing the coating during 
this period, shall be agreed upon by the 
purchaser and the seller. 


’ See papers by P, H. Walker and J. G. Thompson on 
“Some Physical Properties of Paints,” Proceedings, Am. 
Soc. Testing Mats,, Vol. 22, Part II, p. 404 (1922); and by 
H. G. Arlt, Bell Laboratories Record, Vol. XIV, No. 7, p. 
216 ( 1936 ). 




Test eor Abrasion Resistance op Organic Coatings (D 658 - 44) 1107 


Procedure 


ditions at the time of test shall be the 
same as those at which the original de- 
terminations were made. Unless other- 
wise specified, abrasion resistance de- 
terminations shall be made at 77 i 2 F. 
and 50 ± 5 per cent relative humidity 
after equilibrating to these conditions. 


Fig, 2, — Abrasion Test Apparatus (Open), 
humidity mutually agreed upon by the 
purchaser and the seller. If it is de- 
sirable to check abrasion values at 
another time or place, the film thickness 
and the temperature and humidity con- 


7. The abrasive holder shall be filled 
with carborundum* passing a No. 170 
(88-niicron) sieve and retained on a 
No. 200 (74-micron) sieve® (Note), or 
with equivalent abrasive, weighed on a 
balance sensitive to within 0.5 g., and 
then placed in position on the abrasion 
tester. The test specimen shall be 
placed on the specimen stage, which 
shall be mounted at an angle of 45 deg. 
to the horizontal, and the nozzle shall be 
lowered to touch the surface of the 
specimen. The air shall be turned on 
and adjusted to the specified pressure 
(usually 10 cm. of mercury) by manipu- 
lating the control valve. The stream of 
abrasive shall then be released, by re- 
moving the pinchcock attached to the 

* Suitable abrasive may be obtained from the Carbo- 
rundum Co., Niagara Falls, N. Y., as silicon carbide grain 
180 special. It should be sieved before use and only the 
fraction employed that passes the No. 170 (88-micron) 
sieve and is retained on the No. 200 (74-micron) sieve. 

6 Detailed requirements for these sieves are given in 
the Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11), which appears in this 
publication, see Contents in Numeric Sequence of A.S.T.M. 
Designations at front of book. 


Conditioning and Number of Tests 


6. At least three determinations of 
the abrasion resistance shall be taken 
under conditions of temperature anH 



TO 

ABRASIO- 

METER 


RUBBER 

TUBING 
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holder, and allowed to flow until the 
coating is worn through to the base 
metal The end point shall be con- 



sidered as having been reached when a 
small spot approximately 2 mm. in di- 
ameter is worn through. This spot shall 
be located in the center of the wear 


pattern. When this point is reached the 
abrasive stream shall be immediately 
shut off and the weight of abrasive used 
shall be determined. The thickness of 
the film around the wear pattern shall 
then be determined by any method ac- 
curate to plus or minus 0.0001 in. 

Note. — ^The used carborundum from a 
previous test may be reused provided it is sieved 
through a No. 100 (149-micron) sieve® before it 
is returned to the holder in order to eliminate 
all of the large particles of organic coating that 
chipped ofiE during the abrasion test. The 
carborundum shall be replaced after it has been 
used five times. 

Calculation 

8. The abrasion coefficient for the ma- 
terial shall be calculated from the follow- 
ing formula in which it is assumed that 
the abrasion resistance is proportional 
to film thickness: 

__ 

Abrasion coefficient = — 

where: 

Wx = weight in grams of abrasive and 
holder before test, 

Wi — weight in grams of abrasive and 
holder after test, and 
T == thickness of coating in mils 
(0.001 in.). 

Report 

9. The average of the results from the 
determinations made shall be reported 
as the abrasion coefficient of the material 



Standard Method of 

EVALUATING DEGREE OF RESISTANCE TO RUSTING 
OBTAINED WITH PAINT ON IRON 
OR STEEL SURFACES' 



A.S.T.M. Designation; D 610 - 43 
Adopted, 1943.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 610; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. The photographic reference stand- 
ards® included in this method are repre- 
sentative of degrees of resistance to 
rusting obtained from paint on iron or 
steel surfaces. They are to be used for 
comparative purposes and are not in- 
tended to have a direct relationship to 
a decision regarding painting require- 
ments. 


Types of Rusting 

2. Two types of rusting are repre- 
sented: 

Type 1 . — Rusting not accompanied 


_ 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 194J to 1943. 

3 Selections of photographic reference standards were 
made to agree within practical limits with the degree of 
resistance to rusting indicated for the corresponding 
reference standard numbers in the Swedish Rusting Stand- 
ards. The committee suggests that degrees below No. 4 
are of no practical importance. 

This Method, including the Photographic Reference 
Standards, is available in the form of a 3 by 5-in. collapsi- 
ble folder furnished with a stiff cardboard case at one 
dollar each from the American Society for Testing Ma- 
terials, 260 S. Broad St., Philadelphia 2, Pa. 


by blistering, and evidenced by visible 
rust. 

Type 2 . — Rusting accompanied by 
blistering, and not initially evidenced 
by visible rust. 

Use of Photographic Reference Stand- 
ards 

3. The use of the photographic refer- 
ence standards shown in Fig. 1 requires 
the following precautions: 

{a) Some finishes are stained by rust. 
This staining must not be confused with 
the actual rusting involved. 

(6) Accumulated dirt or other ma- 
terial may make accurate determination 
of the degree of rusting difficult. 

(c) Certain types of deposited dirt 
that contain iron or iron compounds 
may cause surface discoloration that 
should not be mistaken for corrosion, 
{d) It must be realized that failure 
may vary over a given area and discre- 
tion must therefore be used in applying 
these reference standards. 
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(e) In evaluating surfaces, considera- color contrast with rust, such as used 
tioii shall be given to the color of the in these reference standards, than on a 
finish coating, since failures wall be similar color, such as an iron oxide 
more apparent on a finish that shows finish. 


l^hotograpliic Reference Standards for Evaluating Degree of Resistance to Rusting Obtained with Paint on Iron or Steel Surfaces. 



Iype 1. — Rusting Not Accompanied_by Blistering. 


Fig. 1 . — Photographic Reference Standards for Evalualinf» Degree of Resistance to Rusting Obtained with Paint on Iron or Steel Surfaces. 

(Continued) 
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-Rusting Not Accoini)anied by Blistering (Continued). 


Photographic Reference Standards for Evaluating Degree of Resistance to Rusting Obtained with Paint on Iron or Steel Surfaces. 

{Coniimted) 
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Fig. 1. — Photographic Reference Standards for Evaluating Degree of Resistance to Rusting Obtained with Paint on Iron or Steel Surfaces. 

{Continue^ 
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Type 2. — Rusting Accompanied by Blistering. 
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Type 2.— Rusting Accompanied by Blistering (ConUnued). 


Standard Method of 

evt^uating degree of resistance to chalking of 

EXTERIOR PAINTS OF THE LINSEED-OIL TYPE- 



A.S.T.M. Designation: D 659 -44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 659; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. The photographic reference stand- 
ards included in this method are repre- 
sentative of degrees of resistance to 
chalking of linseed-oil-type exterior paint 
films on wood surfaces. These standards 
are primarily intended for comparative 
evaluation. 

Definition 

2. Chalking is that phenomenon mani- 
fested in paint films by the presence of 
loose removable powder, evolved from 
the film itself, at or just beneath the 
surface. Challdng may be detected by 
rubbing the film with the fingertip. 

Types of Chalking 

3. Only one type of chalking is recog- 
nized, as defined in Section 2. 

Procedure 

4. Wrap a piece of black velvet, 
flannel, or felt around the tip of the in- 
dex finger and apply, with medium 

1 Under tire standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

“ Prior to adoption as standard, this method was pub- 
lished as tentative from 1942 to 1944. 


pressure, to the film under observation 
by making a stroke across the surface 
at least 4 in, in length. Shift the index 
finger to a position 1 in. to the side of the 
chalk-retaining spot and make another 
reading. Compare the spots thus ob- 
tained wdth the photographic standard. 

Use of Photographic Reference Stand- 
ards 

5. The use of the photographic refer- 
ence standards® shown in Fig. 1 requires 
the following precautions : 

(a) It must be realized that the degree 
of failure will vary over any given area. 
Therefore, an average portion of the film 
should be used for comparison. 

(&) It is very difficult to make read- 
ings on a windy day and making readings 
at such a time should be avoided. It 
should also be noted that rain or snow 
will remove chalk, so that readings 
should be made after a period of clear 
w-eather and when the surface is dry. 

(c) It should be remembered that 

® Copies of the E.\:posure Standards Manual^ prepared 
by the Federation of Paint and Varnish Production Clubs, 
giving actual photographs of various types of failures of 
exterior paints, may be obtained from the Secretary of 
the Federation, 704 Weightman Building, 1524 Chestnut 
St., Philadelphia 2, Pa. 
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chalking and erosioid are closely related 
and that erosion is a result of chalking 
failure. However, the rate of chalking, 


readily reproduced. Several instru- 
ments have been designed to determine 
degrees of chalking, using this same 




as measured by this method, and the pn^e but whh ^c’onZLl 

rate of eros.oii may not be comparable, While they have merit, most are suitable 



No. 6 No. 4 

Fig. 1. — Degrees of Chalking, 


because some pigment combinations 
tend to retain chalk on the surface while 
other pigment combinations exert a self- 
cleaning action by natural means. 

(d) While this method appears to be 
open to many variables, experience has 
shown that the results obtained may be 

For evaluation of erosion, see the Standard Method of 
Evaluating Degree of Resistance to Erosion of Exterior 
Paints of the Linseed-Oil Type (.'l.S.T.M. Designation: 
D 662), which appears in this publication, see Contents in 
Numeric Sequence of .A..S.T.M. Designations at front of 
book. 


only^ for laboratory examinations and 
require too much time for the evaluation 
of large numbers of panels, 

{e) For convenience in recording the 
data obtained, the record sheet approved 
by the Federation of Paint and Varnish 
Production Clubs is recommended.® 


6 These record sheets may be obtained from thePal- 
merton Printing Co., Palmerton, Pa., or from the Ameri- 

pbii.Si.r. 


Standard Method of 

EVALUATING DEGREE OF RESISTANCE TO CHECKING OF 
EXTERIOR PAINTS OF THE LINSEED-OIL TYPE' 



A.S.T.M. Designation; D 660 - 44 

Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 660; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. The photographic reference stand- 
ards included in this method are repre- 
sentative of degrees of resistance to 
checking of linseed-oil-type exterior paint 
film s on wood surfaces. These standards 
are primarily intended for comparative 
evaluation. 

Definition 

2. Checking is that phenomenon mani- 
fested in paint films by slight breaks in 
the film that do not penetrate to the 
underlying surface. The break should 
be called a crack-’ if the underlying 
surface is visible. Where precision is 
necessary in evaluating a paint film, 
checking may be described as visible (as 
seen with the naked eye) or as micro- 
scopic (as observed under a magnifica- 
tion of 10 diameters) . 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M, 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Prior to adoption as standard, this method was pub- 
lished as tentative from 1942 to 1944. 

3 For evaluation of cracking, see the Standard Method 
of Evaluating Degree of Resistance to Cracking of Exterior 
Paints of the Linseed-Oil Type (A.S.T.M. Designation: 
D 661), which appears in this publication, see Contents in 
Numeric Sequence of A.S.T.M. Designations at front of 
book. 


Types of Checking 

3. Three types of checking are recog- 
nized; 

Irregular Pattern Type . — Checking in 
which the breaks develop in the surface 
of the film in no definite pattern. 

Line Type . — Checking in which the 
breaks in the surface of the film are 
generally arranged in parallel lines, 
usually either horizontally or vertically, 
over the surface of the film. These 
breaks often follow the line of brush 
marks. 

Cremjool Type . — Checking in which 
the breaks in the surface of the film form 
in a definite three-prong pattern with 
the breaks running from a center and 
forming an angle of about 120 deg. 
between the prongs. 

Use of Photographic Reference Standards 

4. The use of the photographic refer- 
ence standards'^ shown in Fig. 1 requires 
the following precautions: 

(a) The accompanying photographic 

^ Copies of the Exposure Standards Manual prepared 
by the Federation of Paint and Varnish Production Clubs, 
giving actual photographs of various types of failures 
of exterior paints, may be obtained from the Secretary 
of the Federation, 704 Weightman Building, 1524 Chestnut 
St., Philadelphia 2, Pa. 
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reference standards show line-type 
checking only. Crowfoot and irregular- 
type checking may also be interpreted 
from the photographs. 

(5) Care must be taken not to confuse 
various types of failure that may be 
present on the same surface. 

(c) It must be realized that the degree 
of failure will vary over any given area. 
Therefore, an average portion- of the 
film should be used for comparison. 

(d) Linseed-oil paint films often col- 
lect excessive quantities of dirt, which 
may mask the type and degree of failure. 
If necessary, dirt should be removed by 
careful and gentle brushing with a 
moderately soft brush. 

(e) The use of a microscope is recom- 
mended to detect and evaluate incipient 
checking. 

(/) The No. 8 standard must be ex- 
amined closely under adequate lighting 
conditions to distinguish the failure 
present. For the sake of clarity, a 
10-diameter magnification of No. 8 


checking is shown in Fig. 2, as well as 
the unmagnified view shown in Fig. 1. 





Fig, 2 . — No. 8 Checking Magnified 10 Diameters. 

(g) For convenience in recording the 
data obtained, the record sheet approved 
by the Federation of Paint and Varnish 
Production Clubs is recommended.® 


‘ These record sheets may be obtained from the Pal- 
merton Printing Co., Palmerton, Pa., or from the Ameri- 
can Society for Testing Materials, 260 S. Broad St., 
Philadelphia 2, Pa. 



Standard Method of 

EVALUATING DEGREE OF RESISTANCE TO CRACKING OF 
EXTERIOR PAINTS OF THE LINSEED-OIL TYPEi 



A.S.T.M. Designation: D 661 -44 
Adopted, 1944A 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 661; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. The photographic reference stand- 
ards included in this method are repre- 
sentative of degrees of resistance'to crack- 
ing of linseed-oil-type exterior paint films 
on wood surfaces. These standards are 
primarily intended for comparative 
evaluation. 

Definition 

2. Cracking is that phenomenon mani- 
fested in paint films by a break extending 
through to the surface painted. Where 
this is difficult to determine, the break 
should be called a crack only if the under- 
lying surface is visible. The use of a 
magnification of 10 diameters is recom- 
mended in cases where it is difficult to 
differentiate between cracking and 
checking.^ 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

- Prior to adoption as standard, this method was pub- 
lished as tentative from 1942 to 1944. 

2 For evaluation of checking, see the Standard Method 
of Evaluating Degree of Resistance to Checking of Exterior 
Paints of the Linseed-Oil Type (A.S.T.M. Designation: 
D 660), which appears in this publication, see Contents in 
Numeric Sequence of A.S.T.M. Designations at front of 
book. 


Types of Cracking 

3. Three types of cracking are recog- 
nized: 

Irregular Fatiern Type . — Cracking in 
which the breaks in the film are in no 
definite pattern. 

Line Type . — Cracking in which the 
breaks in the film are generally arranged 
in parallel lines, usually either hori- 
zontally or vertically, over the surface of 
the film. These breaks often follow the 
line of brush marks. 

Sigmoid Type . — Cracking in which the 
breaks in the film form a pattern con- 
sisting of curves meeting and inter- 
secting, usually on a relatively large 
scale. 

Use of Photographic Reference Stand- 
ards 

4. The use of the photographic refer- 
ence standards^ shown in Fig. 1 requires 
the following precautions: 

{a) The accompanying photographic 

^ Copies of the Exposure Standards Manual prepared by 
the Federation of Paint and Varnish Production Clubs, 
giving actual photographs of various types of failures of 
exterior paints, may be obtained from the Secretary of 
the Federation, 704 Weightraan Building, 1524 Chestnut 
St., Philadelphia 2, Pa. 
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reference standards show line-type crack- 
ing only. Irregular and sigmoid-type 
cracking may also be interpreted from 
these photographs. 

(b) Care must be taken not to confuse 
various types of failure that may be 
present on the same surface. This is 
particularly true in observing cracking 
and checking. Cracking may very often 
be an advanced stage of checking and is 
very often in evidence along with check- 
ing and other failures. 

(c) It must be realized that the degree 
of failure will vary over any given area. 
Therefore, an average portion of the 
film should be used for comparison. 

(d) Linseed-oil paint films often col- 
lect excessive quantities of dirt, which 
may mask the type and degree of 
failure. If necessary, dirt should be 


removed by careful and gentle brushing 
with a moderately soft brush. 

(e) In examining for cracking failure, 
the possibility of wood failure should be 
recognized. This takes the form of a 
cracking or splitting of the wood itself 
with a resultant rupture of the paint 
fihn. Also, some panels will develop 
“resin spewing” which will cause early 
failure by cracking. These points 
should be taken into consideration in 
any evaluations. 

(/) For convenience in recording the 
data obtained, the record sheet approved 
by the Federation of Paint and Varnish 
Production Clubs is recommended.® 

® These record sheets may be obtained from the Pal- 
merton Printing Co., Palmerton, Pa., or from the Ameri- 
«in Society for Testing Materials, 260 S. Broad St,, 
Philadelphia 2, Pa. 



Standard Method of 

EVALUATING DEGREE OF RESISTANCE TO EROSION OF 
EXTERIOR PAINTS OF THE LINSEED-OIL TYPE' 



A.S.T.M. Designation: D 662 -44 
Adopted, 1944.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation D 662; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. The photographic reference stand- 
ards included in this method are repre- 
sentative of degrees of resistance to ero- 
sion of linseed-oil-type exterior paint films 
on wood surfaces. These standards are 
primarily intended for comparative eval- 
uation. 


Definition 

2. Erosion is that phenomenon mani- 
fested in paint films by the wearing away 
of the finish to expose the substrate. 
The degree of failure is dependent on 
the amount of substrate visible. Ero- 
sion occurs as the result of chalking.® 

Types of Erosion 

3. Only one type of erosion is recog- 
nized, as defined in Section 2. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

Prior to adoption as standard, this method v,'as pub- 
lished as tentative from 1942 to 1944. 

3 For evaluation of chalking, see the Standard Method 
of Evaluating Degree of Resistance to Chalking of Exterior 
Paints of the Linseed-Oil Type (A.S.T.M. Designation: 
D 659) , which appears in this publication, see Contents in 
Numeric Sequence of A.S.T.M. Designations at front of 
book. 


Use of Photographic Reference Stand- 
ards 

4. The use of the photographic refer- 
ence standards'^ shown in Fig. 1 requires 
the following precautions; 

(a) Care must be taken not to confuse 
various types of failure that may be 
present on the same surface. 

(b) It must be realized that the degree 
of failure will vary over any given area. 
Therefore, an average portion of the 
film should be used for comparison. 

(c) The photographic standards used 
represent various degrees of erosion of a 
white brushing type paint over a dark 
primer. This system was necessary to 
provide sufficient contrast for photo- 
graphic purposes. The erosion of a 
film to its normal substrate is, however, 
readily visible to the naked eye so it 
may easily be compared to the standards 
and given a numerical rating. 

(d) In doubtful cases, erosion is some- 


* Copies of the Exposure Standards Manual prepared 
by the Federation of Paint and Varnish Production Clubs, 
giving actual photographs of various types of failures of 
exterior paints, may he obtained from tlie Secretary of 
the Federation, 704 Weightman Building, 1524 Chestnut 
St., Philadelphia 2, Pa. 
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Fig. l.—Degrees of Erosion, 
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times more visible in a damp film than 
in a dry film. Also, with severe erosion, 
it is often easier to rate the degree of 
erosion in a damp film than in a dry film. 

(e) While erosion of a sprayed film is 
more regular in its wearing away, a 
numerical rating can be given to it by 
interpreting the amount of erosion in 
terms of these standards. 


(/) For convenience in recording the 
data obtained, the record sheet approved 
by the Federation of Paint and Varnish 
Production Clubs is recommended.® 


s These record sheets may be obtained from the Pal- 
merton Printing Co., Palnierton, Pa.; or from the Ameri- 
can Societj' for Testing Materials, 260 S. Broad St., Phil- 
adelphia 2, Pa. 



S tanda?''d Speciji cati ons for 
PURE LINSEED OIL PUTTY FOR GLAZING^ 



A.S.T.M. Designation: D 317 - 33 
Adopted, 1933.* 

1 his Standard of the American Society for Testing Materials is issued under 
the fixed designation D 317; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. (a) These specifications cover two 
classes of putty for glazing and similar 
purposes, as folkws: 

Class A . — Whiting putty. 

Class 3 . — White lead whiting putty. 

(&) The putty shall be furnished in 
natural color, or tinted or colored, as 
specified by the purchaser. 

Manufacture 

2. The putty shall be made by thor- 
oughly grinding or ‘‘chasing” the speci- 
fied dry pigment with pure linseed oil 
to a dough-like paste of proper con- 
sistency. 


Properties of Ingredients 


3. (o) Dry Pigment . — The dry pig- 
ment shall conform to the following 
I'eqiiirements: 


Calcium carbonate, min., 

per cent 

White lead, min., per cent . . 
Total calcium carbonate 
and white lead, min., per 

cent 

Tinting pigment plus im- 
purities, max., per cent . . 


Whiting 

Putty 

White Lead 
Whiting 
Putty 

95 

io 


95 

5 

5 


(6) Whiting. — The whiting used in 
both classes of putty shall be free from 


grit, shall be practically neutral, and 
shall have a structure and physical 
characteristics adapted to the manu- 
facture of putty having the required 
physical properties. 

(c) White Lead . — The white lead shall 
be pure basic lead carbonate. 

(d) Tinting Pigment . — Tinting or 
coloring pigments, if used, shall be pure 
and shall be used in the minimum 
quantity to secure the specified tint or 
shade. 

(e) Linseed Oil . — The liquid shall 
consist entirely of pure linseed oil^ 

Properties of Finished Putty 

4. (c) The finished putty shall con- 
form to the requirements prescribed in 
Table I. 

{b) The finished putty, after working 
in the hands, shall have good plastic 
quality without sticking to the hands. 
It shall work readily and smoothly 
under a knife without crumbling or 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

2 Prior to adoption as standard, these specifications 
were published as tentative from 1930 to 1933, being re- 
vised in 1932 and 1933. Editorially revised and rearranged 
in 1939.- 
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Specifications for A.S.T.M. Thermometers (El - 44) 


Special Marking 

7. In addition to the special markings 
prescribed in Table I, each thermometer 
shall be marked with a serial number 
and the manufacturer’s name or trade 
mark etched on the stem. 

Scale Error 

8. The error at any point of the scale 

up to the temperature limit prescribed 
in Table I when the thermometer is 
standardized in accordance with Section 
9 shall not exceed the values prescribed 
in Table I. ■ 

Standardization 

9. The thermometer shall be stand- 
ardized immersed in the testing bath 


to the top of the mercury column un- 
less other conditions of immersion are 
prescribed in Table I, and at the tem- 
peratures prescribed in Table I. (See 
Explanatory Notes) 

Test for Permanency of Range 

10 . The test for permanency of range 
shall be made at the temperature 
prescribed in Table I and under the im- 
mersion conditions specified for the 
thermometer. The accuracy after this 
test shall be within the limit specified. 

Case 

11 . The thermometer shall be sup- 
plied in a suitable case on which shall 
appear the marking prescribed in Table I. 


Explanatory Note on Periodic Checking on Changes of Bulb Volume 
OF Glass Thermometers 


A mercury in glass thermometer, if properly 
made and used, is an extremely reliable instru- 
ment but small changes in volume of the ther- 
mometer bulb may occur, even though the 
thermometer may have been carefully annealed 
or aged. 

Usually the bulb contracts, slowly and as a 
result the thermometer may read higher after it 
has been placed in service than it did originally. 
These changes are more appreciable for short- 
range thermometers graduated in fractional de- 
grees, and the users of such thermometers should 
check such instruments from time to time. 
When first received the thermometers should be 
checked every week or so, later these time inter- 
vals may be lengthened if the changes are not of 
consequence. 

The ice-point method (reading in melting ice 
at 0 C. or 32 F.) has been found to be the most 
convenient and at the same time the most ac- 
curate method for checking changes in bulb 
volume. Other temperatures, such as the boil- 
ing point of water and of other pure substances, 
have been proposed for “fixed points,” but have 
not been found entirely satisfactory owing to the 
difficulties of accurately obtaining these fixed 
temperatures. 

Short-range thermometers graduated in frac- 
tional degrees may or may not be provided with 
an ice point reading if this temperature is not 
included in the given range. Tiiis extra point 
can be incorporated in the thermometer, but may 
be omitted for the sake of economy. In the 


case of distillation thermometers intended to be 
inserted in the neck of a flask, the ice-point 
graduation may be undesirable since the con- 
traction chamber between the ice point and the 
first graduation may contain enough mercury to 
cause uncertain and variable readings. For this 
reason the ice-point graduation, unless it is an 
integral part of the range, is generally omitted 
from the specifications for distillation ther- 
mometers. 

In the absence of the ice point other means 
must be provided for detecting changes in the 
readings, especially if the thermometer is frac- 
tionally graduated. The method most com- 
monly used involves the comparison at one or 
more temperatures in a well-stirred, properly 
constructed liquid bath of the thermometer to 
be checked against another standardized ther- 
mometer of similar specifications to the test 
thermometer but provided with an ice point. 

Where several thermometers make up a series 
or set for some specific method and these ther- 
mometers do not have ice points, a similar set 
may be provided with ice points, and these 
should be kept for use as reference standards for 
checking routine test thermometers. 

Detailed instructions for making such com- 
parisons and specifications for suitable test- 
ing apparatus, as well as other data on this 
subject, will be found in the paper by E. F. 
Mueller and R. M. Wilhelm, “Methods of Test- 
ing Thermometers,” Proceedings, Am. Soc. 
Testing Mats., Vol. 38, Part I, p. 493 (1938). 
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Specifications for A.S.T.M. Thermoaceters (E 1—44) 
Explanatory Note on Ice Point Determinations of Glass Thermometers 


Two methods have been in use for deter- 
mining the ice point on thermometers graduated 
fractionally and ulth an open scale, such as 
those of the Kinematic type. One method re- 
quires that the thermometer remain at approxi- 
mately room temperature for 72 hr. before the 
ice point K taken. 'I’lie other stipulates that the 
ice point reading be taken immediately or within 
a deiiniteh’ stated sliort }>eriod after heating to 
tlie, test temj terature. Changes in the correction 
of the thermometer may lie olrservcd by deter- 
mining the changes in tin; ice point by either 
method. 

Since it imu' nut be. practical to wait until the 
thermometer has rested for three or more da 3 ''s, 


the method as outlined below is suggested. 
These instructions are given in the form of a 
note which should appear in the table of cor- 
rections for the thermometer. 

Note. — The tabulated corrections apply 
for the condition of immersion indicated 
provided the ice point reading taken after 

heating to for not less than three 

minutes is 

If the ice point reading (taken in not 
less than 2 min. and not more than 5 min. 
after removal of the thermometer from the 
heated bath) is found to be higher (or 
lower) than stated, all other readings will 
be higher (or lower) to the same extent. 
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TABLE I— REQUIREMENTS FOR A,S.T.M. THERMOMETERS. 


A.S.T.M. Partial Immersion® 


A.S.T.M. Designation 

E 1 (1C - 39) 

E 1 (IF - 39) 

E 1 (2C - 39) 

E 1 (3F - 39) 

Liquid 

mercury 

mercury 

mercury 

mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

-20 to H-ISO C. 

0 to +300 F. 

-5 to +300 C. 

+20 to +580 F. 

Subdivisions 

1C. 

2F. 

1C. 

2F. 

Total Length 

303 to 307 mm. (1 

1.93 to 12.09 in.) 

379 to 383 mm. (14.92 to 15.08 in.) 

Stem Diameter 

6.0 to 7.0 tom. (0.236 to 0.276 in.) 

6.0 to 7.0 mm. (0.236 to 0.276 in.) 

Bulb Diameter 

5.0 to 6.0 mm. (0.197 to 0.236 in.) 

5.0 to 6.0 mm. (0.197 to 0.236 in.) 

Bulb Length 

19 to 25 mm. ( 

0.75 to 0.98 in.) 

10, to IS mm. (0.39 to 0.59 in.) 

Bottom of Bulb to Gradu- 
ation Line at 

Distance 

-18 C. 

90 to 100 mm. ( 

1 OF. 

[3.54 to 3.94 in.) 

0 C. 1 32 F. 

100 to 110 mm. (3.94 to 4.33 in.) 

Trm of Thermometer to 

Graduation Line at 

Distance 

ISO c. 

20 to 35 mm. ( 

1 300 F. 

0.79 to 1.38 in.) 

300 C. 

25 to SO mm. (C 

572 F. 

.98 to 1.97 in.) 

Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

SC. 

10 F. 

SC. 

10 F. 

Graduations Numbered at 
Each Multiple of 

IOC. 

20 F. 

10 C. 

20 F. 

Immersion 

76 mm.® 

Sin.® 

76 mm.® 

Sin.® 

Special Marking on Ther- 
mometer (See Sec- 
tion 7) 

ASTM 76-mm. Imm. 

ASTM 3-in. Imm. 

ASTM 76-mm. Imm. 

ASTM 3-in. 1mm. 

Scale Error at any point 
when standardized shall 
not exceed 

0.5 C. 

IF. 

1C. 

2F, 

Standardization 

d 

d 

® 

® 

Marking on Case 

A.S.T.M. -20 to 
ISO C., 76-mm. 
immersion 

A.S.T.M. 0 to +300 
F., 3-in. immersion 

A.S.T.M. -5 to +300 
C)., 76-mm. immer- 

A.S.T.M.20toS80 F.. 
3-in. immersion 


A.S.T.M.Partial Immersion*' 


® These requirements were previously specified in A.S.T.M. Standard D 182. 

® These requirements were previously specified in A.S.T.M. Standard D 183. 

* A line around the stem 76 mm. or 3 in. above the bottom of the bulb shall be etched on the thermometer. 

® The thermometer shall be standardized for 76-mm. or 3-in. immersion and for the following temperatures of the 
emergent mercury column. These stem temperatures have been chosen as corresponding, on the average, to those 
likely to occur in the use of the thermometer. 


Thermometer 

Reading 

50 C 

100 C 

150 C 


Average Temperature Average Temperature 

of Emergent Thermometer of Emergent 

Mercury Column Reading Mercury Column 

35 C. 122 F 94 F. 

48 C. 212 F 118 F. 

55 C. 302 F 131 F. 


" The thermometer shall be standardized for 76-mm. or 3-in. immersion and for the following temperatures of the 
emergent mercury column. These stem temperatures have been chosen as corresponding, on the average, to those 
likely to occur in the use of the thermometer. 

Average Temperature Average Temperature 

Thermometer of Emergent Thermometer of Emergent 

Reading Mercury Column Reading Mercury Column 

50 C 35 C. 122 F 94 F. 

100 C. 49 C. 212 F 120 F. 

150 C 61 C. 302 F 142 F. 

200 C 70 C. .392 F 158 F. 

250 C. 76 C. 482 F IftO F. 

300 C 80 C. 572 F 176 F 
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TABLE I.-REQUIREMENTS FOR A.S.T.M. THERMOMETERS (Coalittued). 


Name 

A.S.T.M. Partial Immersion* | 

A.S.T.M. Acid Heat*’ 

A.S.TJM. Designation — 

El (30-39) 

El(3F-39) 

El(4G-39) 

E 1 (4F - 39) 

Liquid 

mercury 

mercury 

mercury 

mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

-5 to -f400 C. 

+20 to 760 P. 

0 to 105 C. 

30 to 220 F. 

Subdivisions 

1 1C. 

2F. 

0.5 C. 

1 F. 

Total Length 

‘ 404 to 408 mm. (15.91 to 16.06 in.) 

378 to 384 mm. (1 

14.88 to 15.12 in.) 

Stem Diameter 

6.0 to 7.0 mm. (0.236 to 0.276 in.) 

6.0 to 7.0 mm. (0.236 to 0.276 in.) 

Bulb Diameter 

5.0 to 6.0 mm. (0.197 to 0.236 in.) 

5.0 to 6.0 mm. (0.197 to 0.236 in.) 

Bulb Length 

10 to 15 mm. (0.39 to 0.59 in.) 

10 to 15 mm. (0.39 to 0.59 in.) 

Bottom of Bulb to Gradu- 
ation Line at 

Distance 

OC. 

too to 110 mm. ( 

1 32 F. 

.3.94 to 4.33 in.) 

OC. 1 32 F. 

200 to 215 mm. (7.87 to 8.46 in.) 

Top of Thermometer to 

Graduation Line at 

Distance 

400 C. i 752 F. 

25 to 50 mm. (0.98 to 1.97 in.) 

lose. 

25 to 40 mm. (0 

1 220 F. 

.98 to 1.57 in.) 

Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

5 C. 

10 F. 

1 C. 

5 F, 

Graduations Numbered at 
Each Multiple of 

IOC. 

20 F. 

5C. 

10 F. 

Immersion 

76 mm.® 

3 in.® 

152 mm.® 

6 in.® 

Special Marking on Ther- 
mometer (See Section 
7) 

ASTM 76-mm. Imm. 

ASTM 3-in. Imm. 

ASTM Acid Heat 
152-mm. Imm. 

ASTM Acid Heat 
6-in. Imm. 

Scale Error at any point 
when standardized shall 
not exceed 

11 C. up to 301 C. 
\1.5C. over 301 C. 

/2F. up to 574 F. 

\3 F. over 574 F. 

0.5 C. 

IF. 

Standardization 

a 

a 

/ 

/ 

Test for Permanency of 
Range (See Section 10) . 

subject to 10 C. below 
max. scale temp, 
for 24 hr 

subject to 20 F. below 
max. scale temp, 
for 24 hr. 



Marking on Case 

A.S.T.M. -5 to +400 
C., 76-nim. immer- 

A.S.T.M.20to760F., 
3-in. immersion 

A.S.T.M. Acid Heat, 
0 to 105 C. 

A.S.T.M. Acid Heat, 
30 to 220 F. 


“ These requirements were previously specified in A.S.T.M. Standard D 184. 

“ These requirements were previously; specified in A.S.T.M. Method D 481. 

' A line around the stem 76 mm. or 3 in. above the bottom of the bulb shall be etched on the thermometer. 

The thermometer shall be standardized for 76-mm. or 3-in. immersion and for the following temperatures of the 
emergent mercury column. These stem temperatures have been chosen as corresponding, on the average, to those 
likely to occur in the use of the thermometer. 

Average Tempera- Average Tempera- 

Thermometer ture of Emergent Thermometer ture of Emergent 

Reading Mercury Column Reading Mercury Column 

100 C 50C. 212 F 122 F. 

200 C 75 C. 392 F 167 F. 

300 C 89 C. 572 F 192 F. 

400 C 94 C. 7S2 F 201 F. 


* A line around the stem 152 mm. or 6 in. above the bottom of the bulb shall be etched on the thermometer. 

^ The thermometer shall be standardized at tbe ice point and at intervals of approximately 30 C. or 50 F. for 152-mm 
or 6-in. immersion and for the following temperatures of the emergent mercury column: 

Average Tempera- Average Tempera- 

Thermometer ture of Emergent Thermometer ture of Emergent 

Reading Mercury Column Reading Mercury Column 


20 C 20 C. 

40 C 31 C. 

70 C. 40 C. 

100 C 48 C. 


70 F 70 F. 

100 F 86 F. 

ISOF 104 F. 

212 F 118 F. 
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Specifications for A.S.T.M. Thermometers (El - 44) 


TABLE I.— REQUIREMENTS FOR A.S.T.M. THERMOMETERS (Continmi). 


Name 

A.S.T.M. Cloud and Pour** 

A.S.T.M. Low G 

oud and Pour® 

A.S.T.M. Designation 

E 1 (5C - 39) 

E 1 (5F - 39) 

El (6G-39) 

E 1 (6F - 39) 

Liquid 

mercury 

mercury 

toluene** 

toluene^ 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

gas under pressure 

gas under pressure 

Temperature Range 

-38 to -1-50 C. 

-36 to -+120 F. 

-60 to -+20 C. 

-70 to -+70 F. 

Subdivisions 

1 C. 

2F. 

1 C. 

2F. 

Total Length 

220 to 224 mm. 

!.66 to 8.82 in.) 

227 to 231 mm, (8.94 to 9.09 in.) 

Stem Diameter 

7.0 to 8.0 mm. (o‘.276 to 0.31S in.) 

7.0 to 8.0 mm. (0,276 to 0.315 in.) 

Bulb Diameter 

not greater than stem 

5.0 to 6.5 mm. (0.197 to 0.256 in.) 

Bulb Length 

not over 9.5 mm. (0.374 in.) 

S.O to 9.5 mm. (0.315 to 0.374 in.) 

Bottom of Bulb to Gradu- 
ation Line at 

Distance 

-38 C. 1 -36 F. 

120 to 130 mm. (4.72 to 5.12 in.) 

-57 C. 

120 to 130 mm. 

-70 F. 

4.72 to S.12 in.) 

Tcm of Thermometer to 

Graduation Line at 

Distance 

■+•49 C. 

19 to 25 mm. ( 

-+120 F. 

).7S to 0.98 in.) 

-1-20 C. 

35 to 45 mm. ( 

-+6S F. 

.38 to 1.77 in.) 

Expansion Chamber shall 
permit heating to 

-+100C. 

-+212 F. 

■+60C. 

•+140 F. 

Top Finish 

plain 

plain 

plain 

plain 

Longer Graduation Lines 
at Each 

5 C. 

10 F. 

SC. 

10 F. 

Graduations Numbered at 
Each Multiple of 

IOC. 

20 F. 

10 C. 

20 F. 

Immersion 

108 mm.® 

4i in.® 

76 mm.** 

3 in.** 

Special Marking on Ther- 
mometer (See Section 
7) 

108-ram. Imm. ASTM 
Cloud and Pour 

4i-in. Imm. ASTM 
Cloud and Pour 

76-mm. 1mm. AST.M 
Low Cloud and 
Pour 

3-in. 1mm. ASTM 
Low Cloud and 
Pour 

Scale Error at any point 
when standardized shall 
not exceed 

0.5 C. 

1 F. 

1C. 

2 F. 

Standardization 

ice point, every 20 C.; 
and avg. temp. 
21 C. of emergent 
stem 

ice point, every 40 F.; 
and avg, temp. 
70 F. of emergent 

ice point, every 20 C.; 
and avg. temp. 
21 C. of emergent 

ice point, every 35 F.; 
and avg. temp. 
70 F. of emergent 
stem 

Marking on Case 

A.S.T.M. Cloud and 
Pour, —38 to 
•+S0C. 

A.S.T.M. Cloud and . 
Pour, —36 to 
-+120 F. 

A.S.T.M. Low Cloud 
and Pour, —60 to 
-+20 C. 

A.S.T.M, Low Cloud 
and Pour, —70 to 
-+70 F. 


® These requirements were previously specified in A.S.T.M. Method D 97. 

® Toluene or other suitable liquid colored red with a permanent dye shall be used. 

‘A line around the stem 108 mm. or 4i in. above the bottom of the bulb shall be etched on the thermometer. 
** A line around the stem 76 ram. or 3 in. above the bottom of the bulb shall be etched on the thermometer. 
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TABLE I.— REQUIREMENTS FOR A.S.TM. THERMOMETERS {.ContinMd). 


Name 

A.S.T.M. Low 

Bistillation" 

A.S,T.M. High 

^ Distillation'’ 

A.S.T.M. Designation 

El (7C-39) 

El (7F-39) 

E 1 (8C - 42) 

E 1 (8F-42) 

Liquid 

mercury 

mercury 

mercury 

mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

0 to 300 C. 

30 to 580 F. 

0 to 400 C.« 

30 to 760 F.« 

Subdivisions 

1 0.“* 

2F. 

1 C.'' 

i 2 F. 

Total Length 

378 to 384 mm. (14.88 to 15.12 in.) | 

378 to 384 mm. (1 

4.88 to 15.12 in.) 

Stem Diameter 

6.0 to 7.0 mm, (0 

.236 to 0.276 in.) 

6.0 to 7.0 mm. (0 

.236 to 0.276 in.) 

Bulb Diameter 

S.O to 6.0 mm. (0 

.197 to 0,236 in.) 

S.O to 6.0 mm. (0 

[l97 to 0.236 in.) 

Bulb Length 

10 to IS mm. (0 

.39 to 0.59 in.) 

10 to IS mm. (0 

.39 to 0.59 in.) 

Bottom of Bulb to Gradu- 
ation Line at 

Distance 

oc. 

100 to 110 mm. (. 

1 32 F. 

3.94 to 4.33 in.) 

OC. 

25 to 45 mm, (0 

1 32 F, 

.98 to 1.77 in.) 

Tim of Thermometer to 

(graduation Line at 

Distance 

300 C. 1 

30 to 45 mm. (1 

1 572 F. 

.18 to 1.77 in.) 

400 C. 

30 to 45 mm. (1 

1 752 F. 

.18 to 1.77 in.) 

Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

SC. 

10 F. 

5C. 

10 F. 

Graduations Numbered at 
Each Multiple of 

IOC. 

20 F. 

10 C. 

20 F. 

Immersion 

total 

total 

total 

total 

Special Marking on Ther- 
mometer (See Section 7) 

ASTM Low Distilla- 

ASTM Low Distilla- 
tion 

ASTM High Distilla- 
tion 

ASTM High Distilla- 
tion 

Scale Error at any point 

up to 

when standardised, 
shall not exceed, . . 

300 C. 

O.SC. 

572 F, 

IF. 

370 C. 

1 C. 

700 F. 

2F. 

Standardization 

ice point, every 50 C., 
and at 300 C. 

ice point, every 100 
F.. and at 572 F. 

ice point, every 50 C., 
and at 370 C. 

ice point, every 100 
F., and at 700 F. 

Test for Permanency of 
Range (See Section 10) 

subject to 280 to 290 
C. for 24 hr. 

subject to 540 to 560 
F. for 24 hr. 

subject to 360 to 370 
C. for 24 hr. 

subject to 680 to 700 
F. for 24 hr. 

Marking on Case 

A.S.T.M. Low Dis- 
tillation, 0 to 300 C. 

A.S.T.M. Low Dis- 
tillation, 30 to 
580 F. 

A.S.T.M. High Dis- 
tillation, 0 to 400 C. 

A.S.T.M. High Dis- 
tillation, 30 to 
760 F. 


“ These reauirements were previously specified in A.S.T.M. Methods D 86, D 216, and D 285. 

^ These requirements were previously specified in A.S.T.M. Methods D 20, D 86, D 246, D 370, and D 402, except 
for the revision adopted in 1942. , ^ j 

' Under certain test conditions, the bulb of the thermometer may be 28 C. (50 F.) above the temperature indicated 
by the thermometer, and at an indicated temperature of 371 C. (700 F.) the temperature of the bulb is approaching a 
critical range in the glass. It is therefore not desirable to use this thermometer under such conditions at indicated 
temperatures above 371 C. (700 F.) without checking the ip point. ^ . . , , . i j k t h, 

‘'For purposes of calibration and certification two or three division markings should be placed below the zero on 
the Centigrade scale thermometer. 


TABLE I.—REQUIREMENTS FOR A.S.TJ!kI. THERMOMETERS (Coniimsd). 


Name 

A.S.T.M. ^nsl^-Martens, Low Range® | 

A.S.T.M. Pensky-Martens, High Ranfi®^ 





A.S.TJM. Designation 

E 1 (9C - 39) 

El {9F'-39) 

E 1 (lOG - 39) 

E 1 (lOF - 39) 

Liquid 

mercury 

mercury 

mercury 

i mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

-7 to -fllO C. 

+20 to +230 F. 

90 to 370 C. 

200 to 700 F. 

Subdivisions 

0.5 C. 

IF. 

2C. 

5F. 

Total Length 

273 to 277 mm. (10.75 to 10.91 in.) j 

273 to 277 mm. (10.75 to 10.91 in.) 

Stem Diameter 

6.0 to 7.0 mm. (0 

.236 to 0,276 in.) 

6.0 to 7.0 mm. (0.236 to 0.276 in.) 

Bulb Diameter 

not greater 

than stem 

not greater than stem 

Bulb Length 

9.0 to 13 mm. (0 

.354 to 0.51 in.) 

not over 10 ni 

im. (0.39 in.) 

Bottom of Bulb to Gradu- 
ation Line at 

Distance 

-7 C. 

75 to 90 mm. (2 

1 +20 F. 

1.95 to 3.54 in.) 

75^L^90 mm. (2^ 

200 F. 

.95 to 3.54 in.) 

Top of Thermometer to 
Graduation Line at. ... . 
Distance 

-MIOC. 

25 to 40 mm. (0 

1 +230 F. 

.98 to 1.57 in.) 

371 C. 1 

25 to 40^|nm. (O 

700 F. 

.98 to 1.57 in.) 

Expansion Chamber 


* 



Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

■ 1 C. 

SF. 

IOC. 

25 F. 

Graduations Numbered at 
Each Multiple of 

SC. 

10 F. 

20 C. 

SO F. 

Immersion 

57 mm.** 

2H in.** 

57 mra.‘' 

2M in.** 

Special Marking^on 






P.M. and Tag 

P.M. and Tag 

P.M. High 

P.M. High' 

Scale Error at any point 
when standardized shall 
not exceed 

0.5 C. 

1 F. 

1 C. 

2.5 F. 

Standardization 

‘ 

• 

/ 

/ 

Test for Permanency of 
Range (See Section 10) . 



subject to 360 to 370 
C., for 24 hr. 

subject to 680 to 700 
F., for 24 hr. 

Marking on Case. . 

A.S.T.M. P.M. and 
Tag, -7 to -fllO C. 

A.S.T.M. P.M. and 
Tag, +20 to +230 

F. 

A.S.T.M.P.M.High, 
90 to 370 C. 

A.S.T.M. P.M. High, 
200 to 700 F. 


“ These requirements were previously specified in A.S.T.M. Methods D S6 and D 93. 

“ These requirements were previously specified in A.S.T.M. Method D 93. 

* The expansion chamber shall permit heating the thermometer at least SO C. or 90 F. above the highest temperature 
on Uie scale. 

“ A line around the stem 57 mm. or 2i in. above the bottom of the bulb shall be etched on the thermometer. 

® The thermometer shall be standardized at the ice point and at intervals of appro.ximately 30 C. or ,W F. for S7-mm. 
or 2K-in. immersion and for the following temperatures of the emergent mercury column: 

Average Temperature Average Temperature 

Thermometer of Emergent Thermometer of Emergent 

Reading Mercury Column Reading Mercury Column 

20 C 20 C. 70 F 70 F. 

40 C 31 C. 100 F 86 F. 

70 C 40 C. ISO F 104 F. 

100 C 48 C. 212 F 118 F. 

The thermometer shall he standardized at intervals of approximately SO C. or 100 F. for S7-mm. or 214-in. immersion 
and for the following temperatures of the emergent mercury column: 

Average Temperature Average Temperature 

Thermometer of Emergent Thermometer of Emergent 

Reading Mercury Column Reading Mercury Column 

100 C 61 C. 200 F 140 F. 

ISOC 65 C. 300 F 149 F. 

200 C 71 C. 400 F 160 F. 

250 C 78 C. 500 F 175 F. 

300 C 87 C. 600 F 195 F. 

350 C 99 C. 700 F 220 F. 
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Specifications for A.S.T.M. Thermometers (E 1 - 44) 


TABLE I.— REQUIREMENTS FOR A.S.TM. THERMOMETERS (Cmtimti). 


Nam® 

A.S.T.M. C 

(pen Flash* 

A.S.T.M. Gravity* 

A.S.T.M. Designation. . . . 

E 1 (lie - 42) 

El (llF-42) 

E 1 (12G - 39) 

E 1 (12F - 39) 

Liquid 

mercury 

mercury 

mercury 

mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

-6. to -f 400 C. 

+20 to +760 F. 

-20 to +102 C. 

-S to +215 F. 

Subdivisions 

2 C. 

SF. 

0.2 C. 

0.5 F. 

Total Length 

303 to 307 mm. (11 

1.93 to 12.09 in.) 

403 to 409 mm. (11 

5.87 to 16.10 in.) 

Stem Diameter 

6.0 to 7.0 mm. (o'.236 to 0.276 in.) 

7.0 to 8.0 mm. (o' 

.276 to 0.315 in.) 

Bulb Diameter 

not greater than stem 

6.0 to 7.0 mm. (o! 

.236 to 0.276 in.) 

Bulb Length 

not over 10 mm. (0.39 in.) 

14 to 19 mm. (0 

1.55 to 0.7S in.) 

Bottom of Bulb to Gradu-, 

ation Line at 1 

Distance 

-6 C. 1 +20 F. 

40 to SO mm. (1.57 to 1.97 in.) 

-20 C. 1 

32 to 51 mm. (1 

■ -SF. 

.26 to 2.01 in.) 

Top of Thermometer to 

Graduation Line at 

Distance 

+400 C. i +760 F. 

30 to 45 mm. (1.18 to 1.77 in.) 

+102 C. 

25 to 45 nun. (C 

+215 F. 

1.98 to 1.77 in.) 

Top Finish 

red glass ring 

red glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

IOC. 

10 F. 

1C. 

1 F, 

Graduations Numbered at 
Each Multiple of 

IOC. 

20 F. 

2C. 

S F. 

Immersion 

25 mm.* 

1 in.* 

total 

total 

Special Marking on Ther- 
mometer (See Section 7) . 

2S-mm. Imm. ASTM 
Open Flash 

l-in. Imm. ASTM 
Open Flash 

ASTM Gr. 

ASTMGr. 

Scale Error at any point 

up to 

when standardized, 
shall not exceed 

372 C. 

1C. 

700 F. 

2.5 F. 

0.1 C. 

0.2S F. 

Standardization 

3 

d 

ice point and every 
IS or 20 C. 

ice point and every 
30 or 40 F. 

Test for Permanency of 
Range (See Section 10) . . 

subject to 360 to 370 C. 
for 24 hr. 

subject to 680 to 700 F. 
for 24 hr. 



Marking on Case 

A.S.T.M. Open Flash, 
-6 to +400 C. 

A.S.T.M. Open Flash, 
+20 to +760 F. 

A.S.T.M.Gr.,-20to 
+102 C. 

A.S.T.M. Gr., -S to 
+215 F, 


“ These requirements were previously specified in A.S.T.M. Methods D 92 and D 243, except for the revision adopted 
n 1942. 

^ These requirements were previously specified in A.S.TM. Method D 287. 

« A line around the stem 25 mm. or 1 in. above the bottom of the bulb shall be etched on the thermometM . 

The thermometer shall be standardized at the ice point and at intervals of approximately 50 C. or 100 F . for 2S-mm. 
ir l-in. immersion and for the following temperatures of the emergent mercury column; 

Average Temperature Average Temperature 

Thermometer ol Emergent Thermometer of Emergent 

Reading Mercury Column Reading Mercury Column 

100 C 44 C. 200 F 110 F, 

150 C 54 C. 300 F 129 F. 

200 C 64 C. 400 F ISOF. 

250 C 77 C. 500 F 175 F. 

300 C 91 C. 600 F 205 F. 

350 C lose. 700 F 240 F. 
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Specifications for A.S.T.M. Thermometers (El - 44) 


TABLE I.— REQUIREMENTS FOR A.S.TJ1I. THERMOMETERS {Continued). 


Nnmp 

A.S.T.M. Loss on 
Heat® 

A.S.T.M. Paraffin W 

'ax Meitinfi Point^ 


A.S.T.M. Designation | 

E 1 (13G - 39) 

E 1 (14C - 39) 

E 1 (14F - 39) 


mercury 

mercury 

mercury 


Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

155 to 170 C. 

38 to 82 C. 

100 to 180 F. 

Subdivisions 

0.5 C. 

0.1 C. 

I 0.2 F. 

Total Length 

150 to 154 mm. 
(5.91 to 6.06 in.) 

365 to 371 mm. ( 
6.0 to 7.0 mm. (i 

14.37 to 14.61 in.) 

Stem Diameter 

6.0 to 7.0 mm. 
(0.236 to 0.276 in.) 

1 

1.236 to 0.276 in.) 

Bulb Diameter 

S.0 to 6.0 mm. 
(0.197 to 0.236 in.) 

not greater 

than stem 

Bulb Length 

10 to IS mm. j 

(0.39 to 0.59 in.) i 

not over 28 mm. 
(1.10 in.) 

not over 28 mm. 
(1.10 in.) 

Bottom of Bulb to Graduation Line at 

Distance 

OC.'' 

33 to 

38 mm. 
(1.30 to 
1.50 in.) 

155 C. 

70 to 

80 mm. 
(2.76 to 
3.15 in.) 

105 to llS mm. 

100 F. 

(4.13 to 4.53 in.) 

Top of Thermometer to Graduation Line at 

Distance 

170 C. 

20 to 30 nun. 

(0.79 to 1.18 in.) 

82 C. 

25 to 40 mm. (0 

180 F. 
i.98 to 1.57 in.) 

Contraction Chamber 

* 

d 

d 

Expansion Chamber shall permit heating to 

* 

100 C. 

212 F. 

Top Finish 

glass ring 

plain 

plain 

Longer Graduation Lines at Each 

1 C. 

0.5 C. 

1.0 F. 

Graduations Numbered at Each Multiple of 

5 C.; and at 0 C. 
and 16.5 C. 

1C. 

2F. 

Immersion 

total 

79 mm.'^ 

3H in.'*' 

Special Marking on Thermometer (See Section 7) . 

ASTM Loss on Heat 

ASTM Pffe. M.P. 
79-mm. Imm. 

ASTM Pffe. M.P. 
SH'ift. Imm. 

Scale Error at any point when standardized shall 
not exceed 

O.SC. 

0.1 C. 

0.2 F. 

Standardization 

at three points in- 
cluding 163 C. for 
total inunersion 

every 10 C. for 79-mm. 
immersion, and for 
avg. temp. 25 C.of 
emergent stem 

every 20 F. for 3}-'g- 
in. immersion, and 
for avg. temp. 77 F. 
of emergent stem 

Marking on Case 

A.S.T.M. Loss on 
Heat, 155 to 170 C. 

A.S.T.M.Pffe.M.P., 
38 to 82 C. 

A.S.T.M. Pffe. M.P., 
100 to 180 F. 


° These requirements were previously specified in A.S.T.M. Method D 6, except for the editorial changes made in 1942. 

“ These requirements were previously specified in A.S.T.M. Methods D 87 and D 127. 

' The contraction chamber shall be of the long, narrow type, the top shall be not more than 65 mm. (2.S6 in.) above ‘ 
the bottom of the bulb. 

“ The top of the contraction chamber shall be not more than 41 mm. (1.61 in.) above the bottom of the bulb. 

*The expansion chamber shall permit heating the thermometer at least 25 C. above the highest temperature on the 
scale. 

■f A line around the stem 79 mm. or 3H in. above the bottom of the bulb shall be etched on the thermometer. 

0 At the ice point the thermometer should be graduated from — 1 C. to + 1 C. in O.S C. divisions. 
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TABLE I.-REQUIREMENTS FOR A.S.TJM. THERMOMETERS (Cottiimed). 


Name 

A.S.T.M. Low S 

oftening Point® 

A.S.T.M. High Softening Point^ 

A.S.T .M. Designation. . . . 

E 1 (15C - 39) 

El (I5F-39) 

E 1 (15C - 39) 

E 1 (16F - 39) 

Liquid 

mercury 

mercury 

mercury 

mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

-2 to -1-80 C. 

-t-30 to -1-180 F, 

30 to 200 C. 

85 to 392 F. 

Subdivisions 

0.2 C. 

0.5 F. 

0.SC. 

1 F. 

Total Length 

378 to 384 mm. (14.88 to 15.12 in.) 

378 to 384 mm. (1 

4.88 to 15.12 in.) 

Stem Diameter 

6.0 to 7.0 mm. (ol236 to 0.276 in.) 

6.0 to 7.0 mm. (0 

236 to 0.276 in.) 

Bulb Diameter 

4.S to 5.5 mm. (oll?? to 0.217 in.) 

4.5 to 5.5 mm. (0 

177 to 0.217 in.) 

Bulb Length 

9.0 to 14 mm. (o!354 to 0.55 in.) 

9.0 to 14 mm. (0.354 to 0.55 in.) 

Bottom of Bulb to Gradu- 
ation Line at 

Distance 

0 C. 1 32 F. 

75 to 90 mm. (2.95 to 3.54 in.) 

30 C. 

75 to 90 mm. (2. 

85 F. 

95 to 3..54 in.) 

Top of Thermometer to 

Graduation Line at 

Distance 

80 C. 

30 to 45 ram. (1. 

176 F. 

18 to 1.77 in.) 

200 C. 

30 to 45 mm. (1. 

392 F. 

18 to 1.77 in.) 

Expansion Chamber shall 
permit heating to at 
least 

130 C. 

270 F. 

250 C. 

482 F. 

Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

1 C. 

1 F. 

1C. 

SF. 

Graduations Numbered at 
Each Multiple of 

2C. 

5 F. 

SC. 

10 F. 

Immersion. 

total 

total 

total 

total 

Special Marking on Ther- 
mometer (See Section 7) 

ASTM Low S.P. 

ASTM Low S.P. 

ASTM High S.P. 

ASTM High S.P. 

Scale Error at any point 
when standardized shall 
not exceed 

0.2 C. 

0.4 F. 

0.3 C. 

O.SF. 

Standardization 

ice point, and every 
20 C. 

ice point, and every 
40 F. 

every 40 C. 

every 70 F. 

Marking on Case 

A.S.T.M. Low S.P., 
~2 to -1-80 C. 

A.S.TJVE. Low S.P., 
■+•30 to -+180 F. 

A.S.T.M. High S.P., 
30 to 200 C. 

A.S.T.M. High S.P., 
85 to 392 F. 


“ These requirements were previously specified in A.S.T.M. Methods D 36, D 61, D 139, and E 28. 

^ These requirements were previously specified in A.S.T M. Method D 36, except for the temperature range, and 
in Method E 28. 
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Specifications for A.S.T.M. Thermometers (El - 44) 


TABLE 1.— REQUIREMENTS FOR A.S,T.M. THERMOMETERS (Cmtinuedi. 




A.S.T.M. Saybo 

lit Viscosity® j 

A.S.T.M. Saybolt 
Viscosity 

A.S.T.M. Saybolt 
Viscosity® 
A.S.T.M. Reid 
Vapor Pressure® 

A.S.TJM. Designation 

E 1 (17C - 39) 

E 1 (17F - 39) 

E 1 (18C - 39) 

E 1 (18F - 39) 

Liquid 

mercury 

mercury 

mercury 1 

mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

For Tests at 

19 to 27 C. 

21.1 and 25 C. 

66 to 80 F. 

70 and 77 F. 

34 to 42 C. 

37.8 C. 

94 to 108 F. 

1 100 F. 

Subdivisions 

0.1 c. 

0.2 F. 

0.1 C. 

0.2 F. 

Total Length 

252 to 256 mm. f 

J.92 to 10.08 in.) 

252 to 256 mm. (f 

?.92 to 10.08 in.) 

Stem Diameter'^ 

6.0 to 7.0 mm. (0 

236 to 0.276 in.) 

6.0 to 7.0 mm. (0 

.236 to 0.276 in.) 

Bulb Diameter 

not less than 5.0 mm. (0.197 in.) 
not greater than that of stem 

not less than S.o'imn. (0.197 in.) 
not greater than that of stem 

Bulb Length 

25 to 35 mm. (0 

1.98 to 1.38 in.) 

j 25 to 35 mm. (( 

).98 to 1.38 in.) 

Bottom of Bulb to Gradu- 
ation Line at 

Distance 

19 C. 

135 to ISO mm. ( 

66 F. 

5.32 to 5.91 in.) 

34 C. 1 94 F. 

135 to ISO mm. (5.32 to 5,91 in.) 

Top of Thermometer to 

Graduation Line at 

Distance 

27 C. 1 

20 to 35 mm. (0 

1 80 F. 

1.79 to 1.38 in.) 

42 C. i 

20 to 35 mm. (0 

1 

1 108 F. 

1.79 to 1.38 in.) 

Contraction Chamber .... 

6 

k 

b 

ti 

Expansion Chamber 

* 

« 

* 

* 

Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

0.5 C. 

IF. 

0.5 C. 

1 F. 

Graduations Numbered at 
Each Multiple of 

1C. 

2F. 

1 C. 

2 F. 

Immersion 

total 

total 

total 

total 

Special Marking on Ther- 
mometer (See Section 7) 

ASTM , 

21.1 and 25 C.^ 

ASTM . 

70 and 77 F.'' 

ASTM, 

37.8 C.** 

ASTM, 

100 F/ 

Scale Error at any point 
shall not exceed 

0.1 c. 

0.2 F. 

0.1 C. 

0.2 F. 

Standardization 

total immersion* 

total immersion* 

total immersion* 

total immersion® 

Marking on Case 

A.S.T.M.Saybolt 
Viscosimeter Ther- 
mometer, 19 to 27 C. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 66 to 80 F. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 34 to 42 C. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 94 to 108 F. 

A.S.T.M. Reid Vapor 
Pressure Thermom- 
eter 


“ These requirements were previously specified in A.S.TM.Method D 88. 

" The contraction chamber shall be of the long, narrow type; the top shall be not more ,than 60 mm. (2.36 in.) above 
the bottom of the bulb. The mercury shall stand in the contraction chamber at 0 C. (32 F.) . 

‘ The expansion chamber shall permit heating the thermometer SO C. (90 F.) above the highest temperature on the 
scale, and in all cases shall permit beating to 100 C. (212 F.). 

“ The test temperatures shall be shown in full at the appropriate points on the scale and the graduations corresponding 
to these points and the numbers shall be in red. 

® Correction for emergent stem shall not be applied. 

\ The stem shall be made with an enlargement not less than 4.0 nor more than 7.0 mm. (0.1S7 to 0.276 in.) in length, 
having a diameter 2.0 to 3.0 mm. (0.079 to 0.118 in.) greater than that of the stem, the bottom of the enlargement being 
114 mm. (4.49 in.) above the bottom of the bulb. 

^ These requirements were previously specified in A.S.T.M. Method D 323. 
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TABLE L-REC.UIREMENTS FOR A.S.TJrf. THERMOMETERS (Continutd) . 


Name 

A.S.T.M. Sayb. 

olt Viscosity* 

A.S.T.M. Saybolt Viscosity® 

A.S.T.M. Designation 

E 1 (19C - 39) 

E 1 (19F - 39) 

E 1 (20C - 39) 

E 1 (20F - 39) 

Liquid 

mercury 

mercury 

mercury 

mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

For Tests at 

49 to 57 C. 

SO and 54.4 C. 

120 to 134 F. 

122 and 130 F. 

57 to 65 C. 

60 C. 

134 to 148 F. 

140 F. 

Subdivisions 

0.1 C. 

0.2 F. 

0.1 c. 

0.2 F. 

Total Length 

252 to 256 mm. (1 

7.92 to 10.08 in.) 

252 to 256 mm. (< 

).92 to 10.08 in.) 

Stem Diameter^ 

6.0 to 7.0 mm. (o' 

|.236 to 0.276 in.) 

6.0 to 7.0 mm. (0 

.236 to 0.276 in.) 

Bulb Diameter 

not less than S.d mm. (0.197 in.) 
not greater than that of stem | 

not less than S.O mm. (0.197 in.) 
not greater than that of stem 

Bulb Length 

- 25 to 33 mm. (0 

|.98 to 1.38 in.) 

25 to 35 mm. (0 

.98 to 1.38 in.) 

Bottom of Bulb to Gradu- 
ation Line at 

Distance 

49 C. 1 

135 to 150 mm. ( 

1 120 F. 

:s.32 to 5.91 in.) 

57 C. 1 

135 to 150 mm. (, 

134 F. 

5.32 to 5.91 in.) 

Top of Thermometer to 

Graduation Line at 

Distance 

57 C. 

20 to 35 mm, (C 

1 134 F. 

1.79 to 1.38 in.) 

65 C. 1 

20 to 35 mm. (0 

148 F, 

.79 to 1.38 in.) 

Contraction Chamber .... 


6 

‘ 1 


Expansion Chamber 


' « 

1 

« 

Top Finish . 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

0.5 C. 

1 F. 

0.5 C. 

1 F. 

Graduations Numbered at 
Each Multiple of 

1 C. 

2F. 

1C. 

2 F. 

Immersion 

total 

total 

total 

total 

Special Marking on Ther-; 
mometer (See Section 7) 

ASTM ^ 

SO and 54.4 C.'' 

ASTM , 

122 and 130 F.‘‘ 

ASTM, 

60 

ASTM, 

140 F."* 

Scale Error at any point’ 
shall not exceed 

0.1 C. 

0.2 F. 

0.1 C. 

0.2 F. 

Standardization 

total immersion* 

total immersion* 

total immersion* 

total immersion* 

Marking on Case 

A S.T.M, Saybolt 
Viscosimeter Ther- 
mometer, 49 to 

57 C. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 120 to 

134 F. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 57 to 

65 C. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 134 to 

148 F. 


“ These requirements were previously specified in A.S.T.M. Standard Method D 88. 

" The contraction chamber shall be oi the long, narrow type; the top shall be not more than CO mm. (2.36 in.) above 
the bottom of the bulb. The mercury shall stand in the contraction chamber at 0 C. (32 F.) . _ 

' The expansion chamber shall permit heating the thermometer SO C. (90 F.) above the highest temperature on the 


scale, and in all cases shall permit heating toloo C. (212 F.). 
“ The test temperatures shall be i 


j. .....vll be shown in full at the appropriate points on the scale and the graduations corresponding 

to these points and the numbers shall be in red. 

' Correction for emergent stem shall not be applied. . . , , 

' The stem shall be made with an enlargement not less than 4.0 nor more than 7.0 mm. (0.1S7 to 0.276 m.) m length, 
having a diameter 2.0 to 3.0 ram. (0.079 to 0.118 in.) greater than that of the stem, thg bottom of the enlargement being 
114 jnm. (4.49 in.) above the bottom of the bulb. 




I 

4 M, 
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Specifications for A.S.T.M. Thermometers (E 1 ~ 44) 


TABLE I.-REQUIREMENTS FOR A.S.TM. THERMOMETERS {Continued). 


Name 

A.S.T.M. Sayb< 

>lt Viscosity® 

A.S.T.M. Sayb 

olt Viscosity® 

A.S.TM. Designation 

El (21C-39) 

El (21F-39) 

E 1 (22C - 39) 

E 1 (22F - 39) 

Liquid. 

mercury 

mercury 

mercury 

mercury 

Filling above Liquid.. 

nitrogen gas 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

For Tests at 

79 to 87 C. 

82.2 C. 

174 to 188 F. 

180 F. 

95 to 103 C. 

98.9 C. 

204 to 218 F. 

210 F. 

Subdivisions 

0.1 C. 

0,2 F. 

0.1 C. 

0.2 F. 

Total Length 

252 to 256 ram. (9 

.92 to 10.08 in.) 

252 to 256 mm. (9 

.92 to 10.08 in.) 

Stem Diameter'^ 

6.0 to 7.0 mm. (0.236 to 0.276 in.) 

6.0 to 7.0 mm. (0.2 

36 to 0.276 in.) 

Bulb Diameter 

not less than 5.0 
not greater than 

mm. (0.197 in.) 
hat of stem 

not less than 5,0 
not greater than 

mm. (0.197 in.) 
that of stem 

Bulb Length 

25 to 35 mm. (0. 

98 to 1.38 in.) 

25 to 35 mm. (0. 

98 to 1.38 in.) 

Bottom of Bulb to Grad- 
uation Line at 

Distance 

79 C. 1 174 F. 

135 to 150 mm. (5.32 to 5.91 in.) 

95 C. 

135 to 150 mm. (5. 

204 F. 

32 to 5.91 in.) 

Top of Thermometer to 

Graduation Line at 

Distance 

87 C. 

20 to 35 mm. (0. 

188 F. 

79 to 1.38 in.) 

103 C. 

20 to 35 mm. (0. 

218 F. 

79 to 1.38 in.) 

Contraction Chamber.... 

t 

b 

b 

b 

Expansion Chamber 

* 

* 

• 

* 

Top Finish 

glass ring 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines 
at Each 

0.5 C. 

IF. 

0.5 C. 

IF. 

Graduations Numbered at 
Each Multiple of 

1 C. 

2F. 

1C. 

2F. 

Immersion 

total 

total 

total 

total 

Special Marking on Ther- 
mometer (See Section 7). 

ASTM, 

82.2 C.** 

ASThl 

180 F.** 

ASTM, 

98.9 C.*' 

ASTM, 

210 F.** 

Scale Error at any point 
shall not exceed 

0.1 C. 

0,2 F. 

0.1 C. 

0.2 F. 

Standardization 

total immersion* 

total immersion* 

total immersion* 

total immersion® 

Marking on Case 

A.S.TM. Saybolt 
Viscosimeter Ther- 
mometer, 79 to 87 C. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 174 to 

188 F. 

A.S.T.M. Saybolt 
Viscosimeter Ther- 
mometer, 95 to 

I 103 C. 

A.S.T.M. Saybolt 
Vi-scosimeter Ther- 
mometer, 204 to 

218 F. 


“ These requirements were previously specified in A.S.TM. Standard Method D 88. 

° The contraction chamber shall be of the long, narrow type; the top shall be not more than 60 mm. (2.36 in.) above 
the bottom of the bulb. The mercury shall stand in the contraction chamber at 0 C. (32 F.). 

‘ The expansion chamher shall permit heating the thermometer SO C. (90 F.) above the highest emperature on the 
scale, and in all cases shall permit heating to 100 C. (212 F.). 

“ The test temperatures shall be shown in full at the appropriate points on the scale and the graduations correspond- 
ing to these points and the numbers shall be in red. 

* Correction for emergent stem shall not be applied. 

V The stem shall be made with an enlargement not less than 4.0 nor more than 7.0 mm. (0.1S7 to 0.276 in.) in length, 
having a diameter 2.0 to 3.0 mm. (0.079 to 0.118 in.) greater than that of the stem the bottom of the enlargement being 
114 mm. (4.49 in.) above the bottom of the bulb. 


f 

Sl.A 
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TABLE I.— requirements FOR A.S.T.M. THERMOMETERS (.Ccntinued). 


Nm'* 

^ A.S.T.M. 
Engler Viscosity®**’ 

A.S.TM. 

Engler Viscosity®*^ 

A.S.T.M, 

Engier Viscosity®**’ 


A.S.T.M. Designation 

El (23C-39) 

E 1 (24C - 39) 

El (25G-39) 


mercury 

mercury 

mercury 


Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

18 to 28 C. 

39 to 54 C. 

95 to 105 C. 

Subdivisions 

0.2 C. 

0.2 C. 

0.2 C. 

Total Length 

200 to 207 mm. 
(7.87 to 8.15 in.) 

225 to 232 mm. 
(8.86 to 9.13 in.) 

200 to 207 mm. 

(7.87 to 8,15 in.) 

Stem Diameter... 

5. 5 to 6.5 mm. 
(0.217 to 0.256 in.) 

5.5 to 6.5 mm. 
(0.217 to 0.256 in.) 

5.5 to 6.5 mm. 
(0.217 to 0.2S6 in.) 

liulb Diameter .• 

5.5 to 6.5 mm. 
(0.217 to 0.2S6 in.) 

S.S to 6.5 mm, 
(0.217to 0.256 in.) 

5.5 to 6.5 mm. 
(0.217 to 0.2S6 in.) 

llulb Length 

13 to 19 mm. 

(0.51 to 0.75 in.) 

13 to 19 mm. 

(0.51 to 0.75 in.) 

13 to 19 mm. 

(0.S1 to 0.75 in.) 

Bottom of Bulb to Graduation Line at 

18 C. 

108 to 118 mm. 
(4.25 to 4.65 in.) 

39 C. 

108 to 118 mm. 

(4.25 to 4.65 in.) 

108 to rn’mm. 

(4.25 to 4.65 in.) 


Top of Thermometer to Graduation Line at 

Distance 

28 C. 

30 to 40 mm. 

(1.18 to 1.57 in.) 

54 C. 

30 to 40 mm. 

(1.18 to 1.57 in.) 

105 C. 

30 to 40 mm, 

(1.18 to 1.57 in.) 

Contraction Chamber 

* 

* 

« 

Expansion Chamber 

i 


d 

Top Finish 

glass button 

glass button 

glass button 

Longer Graduation Lines at Each 

1 C. 

1 C. 

1 C. 

Graduations Numbered at Each Multiple of 

2C. 

2C. 

2C. 

Immersion 

90 mm. (3.54 in.)/ 

90 mm. (3.54 in.)/ 

90 mm. (3.54 in.)/ 

Special Marking on Thermometer (See Section 7). 

Full figures at 25 C. 

ASTM Engler* 
OO-nnn. Imm.* 

Full figures at 40 and 

ASTM Engler* 
90-mm. Imm.* 

Full figures at 100 C 

ASTM Engler* 
90-mm. Imm.* 

Scale Error at any point shall not exceed 

0.1 c. 

0.1 C. 

0.1 c. 

Standardization 

90-mm. (3.54 io.) 
immersion 

90;mm. (3.54 in.) 
immersion 

90-mm. (3.54 in.) 
immersion 

Marking on Case 

A.S.T.M. Engler Vis- 
cosimeter Ther- 
mometer, 18 to 

28 C. 

A.S.T.M. Engler Vis- 
cosimeter Ther- 
mometer, 39 to 

54 C. 

A.S.T.M. Engler Vis- 
cosimeter Ther- 
mometer, 95 to 

105 C. 


® These requirements were previously specified in A.S.T.M. Standard D 300. 

“ The thermometer shali be mounted in a brass ferrule consisting of a tubular bushing 8.0 mm (0,315 in.) in outside 
diameter with a flanged head approximately 12 mm. (0.47 in.) in diameter so that the upper extremity of the 8-mm. 
(0.31S-in.) diameter rs located 90 mm. (3,54 in.) from the bottom of the bulb. 

' The contraction chamber shall be of the long, narrow type; the top shall be not more than 60 mm. (2.36 in.) above 
the bottom of the bulb. The mercury shall stand approximately in the middle of the chamber at 0 C. 

“ The expansion chamber shall permit heating the thermometer SO C. above the highest temperature on the scale and 
in all cases to permit heating to 100 C. 

* To be etched on the glass stem above the brass ferrule. 

' A line around the stem 90 irun. or 3.54 in. above the bottom of the bulb shall be etched on the thermometer. 


1 
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Specifications for A.S.T.M. Thermometers (El - 44) 

TABLE I.-REQUIREMENTS FOR A.S.T.M. THERMOMETERS {Continued). 


Name 

A.S-T.M. Stability 
Test of Soluble 
Nitrocellulose*’® 

A.S.T.M. Turpen- 
tine Distillation® 

A.S.T.M. Titer 
Test 

A.S.T.M. Designation 

E 1 (26G - 42) 

E 1 (27C - 42) 

E 1 (36G - 42) 


mercury 

mercury i 

mercury 


Filling above Liquid 


nitrogen gas 

nitrogen gas 

Temperature Range 

130 to 140 C. 

147 to 182 C. 

-2 to -f-68 C. 

Subdivisions 

0.1 C. 

0.5 C. 

0.2 C. 

Total Length 

18 ± K in:« 

291 to 29() mm. 
(11.46 to 11.65 in.) 

385 to 390 mm. 
(15.16 to 15.35 in.) 

Stem Diameter 

Afsilfein. 

6.0 to 7.0 inm. 
(0.236 to 0.276 in.) 

6.0 to 7.0 mm. 
(0.236 to 0.276 in.)'/ 

Bulb Diameter 


4.0 to 5.5 mm. 
(0.157 to 0.217 in.) 

5.5 to 7.0 mm. 
(0.217 to 0,276 in.)« 

Bulb Length 

2% ± M in. 

10 to IS mm. 

(0.39 to 0.59 in.) 

IS to 25 mm. 

(0.59 to 0.98 in.) 

Bottom of Bulb to Graduation Line at. 

Distance 

130 C. 
d: M in. 

147 C. 

100 to 115 mm.’' 
(3.94 to 4.53 in.) 

-2 C. 

SO to 60 mm. 

(1.97 to 2.36 in.) 

Top of Thermometer to Graduation Line at 

Distance 

5 

IS2 C. , 

30 to 45 mm./ 

(1.18 to 1.77 in.) 

68 C. 

20 to 35 ram. 

(0.79 to 1.38 in.) 

Contraction Chamber 

yes 

h 

no 

Expansion Chamber 

< 

permit heating to 
230 C 

i 

Top Finish 


glass ring 

glass ring 

Longer Graduation Lines at Each 

0.5 C. 

1 C. 

1 C. 

Graduations Numbered at 

each 1 C. and 130, 
135, and 140 C. 

each 2 C. (even) 

each 2 C. 

Immersion 

total 

76 ram. (3 in.)*^ 

45 mm. (1)4 in.)' 

Special Marking on Thermometer (See Section 7) . . 

ASTM Stab N.C. 

ASTM Turp Dist 
76-mm. Imm. 

ASTM: FAC Titer 
Tesl45-irim. Imm. 

Scale Error at any point when standardized shall 
not exceed 

0.2 C. 

0.5 C. 

0.2 C. 

Standardization 


At three points in- 
cluding 155 C. and 
175 C., at 3-in. im- 
mersion, and avg. 
temp. 25 C. of 
emergent stem. 

- 

Marking on Case, 

A.S.T.M. Stability 
NitrocelluloseTher- 
mometer, 130 to 
140 C. 

A.S.T M. Turpentine 
Distillation Ther- 
mometer, 147 to 
182 C. 

A,S,T.M.: F.A.C. 
Titer Test Ther- 
mometer —2 to 
+68 C. 


“ These requirements were previously specified in A.S.T.M. Method D 301, except for the revisions adopted 
ts for range and construction of tliis thermometer, it is not practh ’’ 


. 1942. 

, - practicable to Include 

rcport.instead of a certificate for this thermom- 


Due to the application requirements 

reference points. Therefore, the National Bureau of Standards will 
eter when submitted to the Bureau for test. 

° The thermometer shall have a white enamel back. 

_ The stem may be either the plain front or lens front type. If the thermometer is of the lens front type, the cross- 
section of the stem shall be such that it will pass through an 8-mm. ring gage but will not enter a S-mm. slot gage. 

® In no case shall the bulb diameter be greater than the diameter of the stem. 

f The graduated portion shall he not less than 131 mm. (5.16) in. 

I The distance froin the 130 C. to the 140 C. graduation marks, that is. the scale length, shall be ± M in. 

The contraction chamber shall be of the long, narrow type; the top shall be not more than 40 mm. (1.57 in.) above the 
bottom of the bulb. The mercury shall stand near the bottom of the chamber at 0 C. 

*. An e.xpansiqn chamber shall be provided to accommodate expansion up to 175 C. 

t The expansion charnber shall permit heating to 85 C. The length of unchanged capillary between highest gradua- 
tion and expansion chamber shall be 10 ram, 

» A line around the stem 76 mm. (3 in.) above the bottom of the bulb shall be etched on the thermometer. 

‘A line around the stem 45 mm. (IMin.) above the bottom of the bulb shall be etched on the thermometer. 

The thermometer shall be standardized at the ice point and at intervals of approximately 20 C. for 4S-nim. immersion 
and for an average stem temperature of emergenf mercury column of 25 C. 
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TABLE I.-REQUIREMENTSFOR A.S.T.M. THERMOMETERS {Concluded). 



Air Chamber 
Thermometer 
(A.S.T.M. Reid 
Vapor-Pressure 
Test)** 

A.S.T.M. Tung*’- <> 

. 

A.S.T.M. Designation 

E 1 (31F - 44) 

E 1 (32G - 44) 



mercury 

mercury 


Filling above Liquid 


nitrogen gas or hy- 
drogen gas 


Temperature Range 

-40 or -30 F. 
to -1-120 or -M30 F. 

240 to 310 C. 



1 F. 

2C. 



254 to 305 mm. 
(10.00 to 12.00 in.) 

195 to 200 mm. 

(7.68 to 7,87 in.) 



6.0 to 7.0 mm. 
(0.236 to 0.276 in.) 

6.0 to 7.0 mm. 
(0.236 to 0.276 in.) 




not greater than stem 



not over 25 mm. 
(0.98 in.) 

not over 9 mm. 
(0.354 in.) 



none 

« 


Expansion Chamber 

yes 

d 


Enlargement of Button 


• 


Bottom of Bulb to Graduation Line at 

Distance 


Distance to ZiZ C., 77 
to 79 mm. 

Distance to Z40 C., 46 
to 52 mm. 

Distance to. 310 C., 94 
to 104 mm. 


Top of Thermometer to Graduation Line at 

Distance 





Top Finish 


plain 


Longer Graduation Lines at Each 


10 C. 

Graduations Numbered at Each Multiple of 


20 C. 

Tminersion . * 

total 

total 


Special Marking on Thermometer (See Section 7) 


ASTM Tung 

Scale Error at any point when standardized, shall not exceed 

O.SF. 

f 

StanHfl.rHiTiatioTi . . . . 


250 C. 282 C. 

270 C. 300 C. 


Marking; nn Cajic 


A.S.T.M. Tung Oil 
Thermometer, 240 
to 310 C. 



“ These requirements were previously specified in A.S.TJd. Method D 323, except for the editorial changes made in 


® These requirements in part were previously specified in A.S.T.M. Specifications D 12. 

® The contraction chamber shall be not less than 13 nun. below 240 C. 

“ The expansion chamber or capillary extension shall permit heating to 380 C. 

* Enlargement of the button shall be so located on the stem that the under-side of the button shall be 150 mm. from 
the bottom of the bulb; diameter of button shall be approximately 3 mm. greater than diameter of the stem. 

f The error at 282 C. shall not exceed 1 C. (one half scale division) The error at other points of the scale shall not 
exceed 2 C. (one scale division). 

® Due to the application requirements for range and construction of this thermometer, it is .not practicable to include 
reference points. Therefore, the National Bureau of Standards will issue a report instead of a certificate for this 
thermometer when submitted to the Bureau for test. 
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This Standard of the American Society for Testing Materials is issued under 
the fixed designation E 11; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision, 


Scope 

1. These specifications cover woven- 
wire cloth sieves, round-hole screens 
(sieves) and square-hole perforated plate 
screens (sieves) for precision testing in 
the classification of materials according 
to size (mechanical analysis, fineness, 
and particle size determinations) . The 
sieves covered by these specifications are 
intended for general use (Note 1). A 
method of calibrating woven wire cloth 
sieves is included as information in the 
Appendix. 

Note 1. — Some industries may possibly re- 
quire more restricted specifications for sieves 
for special testing purposes. 

Woven Wire Cloth Sieves 
Sieve Cloth 

2. (a) Wire cloth for standard sieves 
shall be woven (not twilled, except the 

1 Under the standardization procedure of the Socie^, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee E-1 on Methods of Testing. 

s Prior to their present adoption as standard, these spec- 
ifications were published as tentative from 1925 to 1926. 
They were adopted in 1926, but withdrawn and republished 
as tentative from 1938 to 1939, being revised in 1939. 

These specifications comprise a consolidation of 
the former Standard Specifications for Sieves for Testing 
Purposes (Ell -26) and for Round-Hole Screens for 
Testing Purposes (E 17 - 36), which specifications were 
accordingly discontinued in 1938. 

M. t 


cloth of the 62-, 53-, 44-, and 37-micron 
sieves) from brass, bronze, or Other suit- 
able wire, and shall not be coated or 
plated. 

(i) The average opening between the 
adjacent warp and the adjacent shoot 
wires, taken separately, shall conform 
to, that given in column 2 of Table 
I, within the “permissible variation 
in average opening” given in column 4. 
Column 3 gives the approximate equiva- 
lents in inches of the basic values in 
millimeters given in column 2, The 
average diameter of the warp and of 
the shoot wires, taken separately, of 
the cloth of any given sieve shall be 
within the limits given in column 6 
of Table I. Column 7 gives the approxi- 
mate equivalents in inches of the basic 
values in millimeters given in column 6. 
The maximum width of opening be- 
tween adjacent warp or shoot wires 
shall not exceed the nominal width 
of opening by more than the “permis- 
sible variation in maximum opening” 
given in column 5 of Table I. An 
exception may be made, in the case of 
8-in. sieves, if the total length of all the 
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TABLE 1.— NOMINAL DIMENSIONS, PERMISSIBLE VARIATIONS, AND LIMITS FOR WOVEN WIRE CLOTH 
OF STANDARD SIEVES. 


Size or 

Sieve Designation 

Sieve Opening 

Permissible 

Variations 

in 

Permissible 

Variations 

in 

Wire Diameter 

mm. 

(approx. 

equivalents) 

Average 
Opening, 
per cent 

Maximum 
Opening,® 
per cent 

mm. 

(approx. 

equivalents) 

(1) 

(2) 

1 (3) 

(4) 

(S) 

(6) : 

(7) 


CoAKSE Series 




S.66 

0.223 

±3 


-10 

1.28 to 1.90 

0.050 to 0.075 ■ 

4760 micron (No. 4) 

4.76 

0.187 



-10 

1.14 to 1.68 

0.045 to 0.066 

4000 micron (No. S) 

4.00 

0.157 



-10 

1.00 to 1.47 

0.039 toO.OSS 


3.36 

0.132 

±3 


-10 

0.87 to 1.32 

0.034 to 0.0.52 

2830 micron (No. 7) 

2.83 

0.111 



-10 

0.80 to 1.20 

0.031 to 0.047 


2.38 

0.0937 

±3 


-10 

0.74 to 1.10 

0.0291 to 0.0433 


2.00 

0.0787 



-10 

0.68 to 1.00 

0.0268 to 0.0394 

1680 micron (No. 12) 

1. 68 

0.0661 

d=3 


rlO 

0.62 to 0.90 

0.0244 to 0.0354 


1.41 

0.0555 



rlO 

0.56 to 0.80 

0.0220 to 0.0315 

1190 micron (No. 16) , . . — . . 

1.19 

0.0469 

±3 


rlO 

0.50 to 0.70 

0.0197 to 0.0276 


1.00 

0.0394 


-M5® 

0.43 to 0.62 

0.0169 to 0.0244 


0.84 

0.0331 


-fl5“ 

0.38 toO.SS 

0.0150 to 0.0217 


0.71 

0.0280 


-}-lS“ 

0.33 to 0.48 

0.0130 to 0.0189 


0.59 

0.0232 

±5 

+15® 

0.29 to 0.42 

0.0114 to 0.0165 

500 micron (No. 3S)., 

0.50 

0.0197 

±5 

+15® 

0.26 to 0.37 

0.0102 to 0.0146 

420 micron (No. 40) 

0.42 

0.0165 

±5 

+25“ 

0.23 to 0.33 

0.0091 to 0.0130 

3S0 micron (No. 45) 

0.35 

0,0138 

±3 

+25® 

0.20 to 0.29 

0.0079 to 0.0114 

297 micron (No. 50) 

0.297 

0.0117 

±5 

+25® 

0.170 to 0.253 

0.0067 to 0.0100 

250 micron (No. 60) 

0.250 

0.0098 

±5 

+25“ 

0.149 to 0.220 

0.0059 to 0.0087 

210 micron (No. 70) 

0.210 

0.0083 

iS 

+25“ 

0.130 to 0.187 

0.0051 to 0.0074 

177 micron (No. 80) 

0.177 

0.0070 

±6 

- 

1-40“ 

0.114 to 0.154 

0.0045 to 0.0061 

149 micron (No. 100) 

0.149 

0.0059 

±6 

- 

1-40“ 

0.096 to 0.125 

0.0038 to 0.0049 

125 micron (No. 120) 

0.125 

0.0049 

±6 

+40“ 

0.079 to 0.103 

0.0031 to 0.0041 

105 micron (No. 140) 

0.105 

0.0041 

±6 

+40“ 

0.063 to 0.087 

0.0025 to 0.0034 

88 micron (No. 170) 

0.088 

0.0035 

±6 

+40“ 

0.054 to 0,073 

0.0021 to 0.0029 

74 micron (No. 200) 

0.074 

0,0029 

±7 


1-60“ 

0.043 to 0.061 

0.0018 to 0.0024 

62 micron (No. 230) 

0.062 

0.0024 

±7 


-90® 

0.039 to 0.052 

0.0015 to 0.0020 

S3 micron (No. 270) 

0.053 

0.0021 

±7 


-90“ 

0.035 to 0.046 

0.0014 to 0.0018 

44 micron (No. 325) 

0,044 

0.0017 

±7 


-90® 

0.031 to 0.040 

0.0012 to 0.0016 

37 micron (No. 400) 

0.037 

0.0015 

±7 


■1-90“ 

0.023 to 0.035 

0.0009 to 0.0014 


** The five sieves marked in the first column with a double asterisk (**) may be used instead pf the 4-in.,_ 2-in., 
l-in., }'s-in., and H-in. sieves when it is desired to have a series of sieves nestmg with the Fine Senes and contmmng 
that series with the -v/F: 1 ratio. All of the other sieves listed above are in a ■v^ : 1 ratio with the Fine Series within the 
limit of the specified permissible variations. Care should be taken in designating the five sieves marked with the dou- 
ble asterisk; they should not be designated as 4-in., 2-in., l-in., J^m., and J4-in*» but as 4.2-1-in., _2.12-in., l.Oo-in., 
0.S30-m., and 0.26S-in. (or by the manufacturer’s nominal values, for example, for the last tnree 1.050-in., o.iiii-in., ana 

For' sieves from the 1000-micron (No. 18) to the 37-micron (No, 400) size, mclusive, not more than 5 per cent of the 
openings shall exceed the nominal opening by more than one-half of th* permissible variation in maximum opening. 

^ SeeNote2,Section2. * 
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portions of rows of openings exceeding 
this maximum width is less than 4 in. in 
both the warp and the shoot directions, 
considered separately, and provided that 
the sieve is not rejected under Paragraph 
(d). For sieves from the 1000-micron 
(No. 18) to the 37-micron (No. 400) size, 
inclusive, not more than 5 per cent of 
the openings shall exceed the nominal 
opening by more than one-half of the 
permissible variation in maximurn open- 
ing. 

(c) Both the warp and shoot wires 
shall be crimped in such a manner that 
they will be rigid when in use. 

(d) There shall be no punctures or 
other obvious defects in the cloth. 

Note 2. — The micron designation of the fine 
sieve series represents a strong trend among 
users of precision sieves toward the use of the 
micron terminology in reporting particle sizes. 
The openings of successive sieves of the fine 
series progress in the ratio -^2:1, and in se- 
lecting sieves from this series it is customary 
to take each sieve in a given range, every alter- 
nate sieve, or every fourth sieve. 

Standard 8-in. Sieve Frames 

3. {a) Sieve Frames for Coarse Series , — 
Sieves of the coarse series having nominal 
openings of less than 1 in. may have 
frames of the standard 8-in. size (see 
Section 3 (6)) or may have larger 
frames as may be specified in individual 
cases. Frames for sieves of the coarse 
series having nominal openings of 1 in. 
or more may be made of either hard- 
wood or metal and may be square, 
rectangular, or circular, as specified, 
a size larger than 8-in. being recom- 
mended. Frames, covers, and pans of 
the standard 8-in. size shall be made of 
brass, unless otherwise specified. 

Note 3: Special 5*CTes.— These specifica- 
tions do not preclude the use of special sieves 
for special purposes, as for example sieves hav- 
ing a diameter other than 8 in. or the nesting 
sieves for field use. When such sieves are used, 
in place of the standard 8-in. sieve, the cloth 

the sieves should be re(|uired to conform to 


these specifications. The use of other than 
standard 8-in. sieves where these standard 
sieves could be used should be discouraged, as 
the results are not necessarily comparable. 

{b) Sieve Frames for Fine Series . — 
Frames for all sieves of the fine series 
shall be the standard 8-in. size, except 
that frames 3 in. in diameter may be 
used in tlie case of' sieves No, 100 and 
finer, used primarily in the testing of 
paint pigments. The standard frames 
shall be circular, 8 in. (20.32 cm.) in 
diameter. The height of the sieve from 
the top of the frame to the cloth shall 
be either about 2 in. (5 cm,), or 1 in. 
(2.5 cm.). Sieves having a height of 
2 in. (5 cm.) shall be designated as full- 
height sieves; those having a height of 
1 in. (2.5 cm.) as half-height sieves. 
The permissible variation on the mean 
inside diameter in. below the top of 
the sieve shall be plus ^ in. The bot- 
tom of the sieve or “sieve skirt” shall 
be so constructed as to have an easy 
sliding fit in any sieve conforming to the 
above permissible variations and in no 
case shall this outside diameter be less 
than 7.970 in. nor more than 8.000 in. 
Pans and covers shall be so made as to 
be interchangeable with standard sieves. 

(c) Mounting of Cloth in Frame . — 
The cloth shall be mounted on the frame 
without distortion, looseness, or wavi- 
ness. To prevent the material being 
sieved from catching in the joint be- 
tween the cloth and the frame, the joint 
shall be smoothly filled with solder or so 
made that the material will not catch, 

Three-Inch Sieves 

4. (a) Sieves 3 in. in diameter, used 
for testing paint pigments, shall be made 
from standard wire cloth No. 100 or 
finer. The sieve frames shall be circu- 
lar, about 3 in. (7.6 cm.) in inside di- 
ameter, and shall not vary from this by 
more than plus or minus 0.16 in. (0,4 cm) , 
The depth of the sieve from the top of 
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the frame to the cloth shall not be less 
than 0.75 in. (1.9 cm.). 

(&) The frames shall be constructed 
of first quality sheet brass in such a 
manner as to be permanently rigid. To 
prevent the material being sieved from 
catching in the joint between the cloth 
and the frame, the joint shall be 
smoothly filled with solder or so made 
that the material will not catch. 


for standard S-in. laboratory screens 
shall conform to the requirements speci- 
fied in Section 3 for woven wire-cloth 
sieves. Frames for large screens may 
be made of either hardwood or metal and 
may be square, rectangular, or circular, 
as specified. For screens having circu- 
lar openings 1 in. in diameter or larger, 
frames larger than 8 in. in diameter are 
recommended. 


Label Marking 

5. Each sieve (except the 3-in. sieve) 
shall bear a label marked with the 
following information: the designation 
of the sieve (the nominal size of the 
opening in inches for the coarse series, 
and the micron designation or the U. S. 
Standard Sieve Series Number for the 
fine series), the name of the series (for 
example, “U. S. Standard Sieve Series,” 
“American Standard Series,” or a spe- 
cific manufacturer’s series), the name of 
the manufacturer or responsible distrib- 
utor, and the opening in inches and 
millimeters- 

Note 4. — The requirements prescribed in 
Section 5 shall not be considered as requiring 
that the opening in inches be given twice on 
the labels for sieves of the Coarse Series, or 
that the opening in millimeters be given in 
addition to the micron designation on the labels 
for sieves of the Fine Series. 

Round-Hole Plate Screens 
(Sieves) 

Plates 

6. Plates used in the manufacture of 
round-hole screens shall be made of 
brass, bronze, steel, or other rigid metal. 
Thickness of plates shall be governed by 
size of openings as well as screening 
area of screens and shall conform to the 
requirements prescribed in Table II. 

Type of Frame 

7. Frames for laboratory screens shall 
be at least 8 in. in diameter. Frames 


Screening 
Area, 
sq. in. 


Under 100 
100 and over 


All sizes 

}£tindH 

ii to 2H, incl. 

3 and 3J4 

i and S 

6 and 8 


0.049 

0.049 

0.060 

0.07S 

0.105 

0.120 


0.066 

0.066 

0.100 

0.130 

0.160 

0.17S 


Spacing of Openings 

8. (a) Spacing of openings shall con- 
form to the following requirements: 


Nominal 
Diameter 
of Opening, 


t: 

I: 

i. 


Nominal Width of 
Metal Between 
Adjacent Open- 
ings, in. 


f 

t 


1 


u 


2 .... 

2 ^, 

3.. .. 

31.. 


t 

I 

I 

t 



(b) The openings shall be so arranged 
that their centers lie at the vertices of 

■ I 

4 .% 
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triangles which are approximately equi- 
lateral within the limits given by lie 
permissible variations in width of metal 
and diameter of opening. 

Permissible Variations for Openings and 

Spacings 

9. {a) For screens having openings 
I in. or less in diameter, the actual di- 
ameter of any opening shall not vary 
from the nominal diameter by more than 
plus or minus 5 per cent. 

(&) For screens having openings over 
i in. in diameter, the actual diameter of 
any opening shall not vary from the 
nominal diameter by more than plus or 
minus 3 per cent. 


(c) The width of metal between the 
adjacent openings in the screen plate 
shall not vary from the nominal value 
given in Section 8 (a) by more than plus 
or minus 20 per cent. 

Square-Hole Plate Screens 
(Sieves) 

Square-Hole Screens 

10. Where square-hole plate screens 
are specified for use, the openings 
shall be the same as the openings of 
woven wire cloth sieves, but in other 
respects, except for the arrangement 
of the openings, they shall conform to 
the requirements for round-hole screens 
specified in Sections 6 to 9. 


APPENDIX 


Method of Calibrating Woven Wire Cloth Sieves 


Al. The first test of any sieve should be to 
determine whether it conforms to the specifica- 
tions. If a suitable standard of powdered or 
granular material is available for a fineness test, 
that test is advisable as an additional means of 
calibration. Pieces of unmounted sieve cloth 
should be tested in sections of a size suitable 
for mounting in the sieve frames. In some 
cases it may be desirable to make a detailed 
systematic microscopic test of the sieve, plotting 
the frequency of occurrence of different sizes 
of openings across the sieve, rejecting, if neces- 
sary, a sieve found to have an excessive non- 
uniforraity of sizes of openings for the particular 
purpose for which the sieve is to be used, 

A2. The diameters of the openings of the 
round-hole screens should be measured by 
means of an accurate steel rule or by other 
suitable means. The use of “paddle gages” 
(flat plug gages) or of tapered pin gages is 
recommended for checking these openings more 
precisely. 

A3. To determine whether a sieve conforms 
to the foregoing specifications, the apparatus 
used may be of the general type as described 
below and in the National Bureau of Standards 
Letter Circular 72, July 26, 1922, and the test 
method may follow the procedure herein de- 
scribed: 

The apparatus consists of a light-tight box 
about 40 cm. square and 1 m. in length, 
with a microscope mounted on one epd and 


a ground-glass plate 2 mm. in thickness on 
the other end. The source of illumination is 
a microscope illuminator containing a con- 
centrated filament lamp, 6 v., 108 w., connected 
through a transformer to a 110-v. alternating 
current supply circuit. The light passes 
through a lens in the end of the illuminator 
and is focused on the objective of the micro- 
scope. After passing through the microscope 
it diverges to the ground glass plate which is 
mounted with the ground side in. A 50-cm. 
steel scale is mounted against the inner face 
of the ground-glass plate in such a way that 
the graduations of the scale may be seen through 
the glass. The position of the scale allows a 
direct reading on the edges of the image cast 
by the wire of the sieve and avoids parallax 
due to the thickness of the glass. By oiling 
the ground surface slightly, the visibility is 
greatly increased without diminishing the dis- 
tinctness of the image. 

A frame for holding the sieve is placed on a 
platform so arranged as to permit a lateral mo- 
tion of about 8 in., and also motion at right 
angles for focusing. Long rods, extending to 
the end of the apparatus at which the observer 
is seated, enable the observer to move the sieve 
without leaving his place, the lateral motion 
being accomplished by means of a rack and 
pinion and the focusing by the use of beveled 
gears. If the frame were also provided with a 
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vertical motion, the utility of the apparatus 
would be increased. A green glass fflter is 
placed between the lamp and the condensing 
lens. The filter relieves eye strain very con- 
siderably and practically eliminates the color 
bands otherwise appearing on the edges of the 
image. 

In use, the sieve is mounted in its holder on 
the focusing platform, between the illuminator 
and the objective of the microscope, and is 
focused by the observer until a sharp image is 
seen on the ground glass. Measurements are 
then taken in millimeters by reading the posi- 
tions on the steel scale where the two edges 
of the image of the wire cross it, a reading glass 
being sometimes used. The sieve is then 
moved across the field, readings being taken at 
several places on the cloth, until the whole 
diameter of the sieve has been traversed, care 
being taken at the same time to watch for the 
uniformity of spacing and to measure any ex- 
cessively large openings. The sieve is then 
rotated through 90 deg. and the process re- 
peated. 

The magnification of the apparatus may be 
determined by means of a calibrated stage 
micrometer. 

By using a nucroscope having a tube about 
IS cm. long and an eyepiece with a magnifying 
power of approximately eight diameters, to- 
gether with a 16-mm. objective, a magnification 
of about 250 diameters is obtained. 

The National Bureau of Standards has found 
by experience that in testing sieves for con- 
formity to standard specifications, the most 
reliable results are obtained by measuring the 
wire diameters and determining the number of 
wires per centimeter, and then computing the 
average opening. From five to ten wires, 
sometimes more, are measured depending upon 
the uniformity of diameter of the wire, the close- 
ness of the measurements of the cloth to the 
limits permitted by the permissible variations, 
and the experience of the observer. Four 
measurements are made on each wire. Large 
openings are measured at the same time. 

Magnifications found suitable and convenient 
at the National Bureau of Standards are: 

Sieves Magnifi- 

cations 

S90 micron (No. 30) and coarser — 45 

500 to 250 micron (Nos. 35 to 60), incl.. . . 90 

210 to 37 micron (Nos. 70 to 400), incl.... 250 

Greater magnifications would be feasible if the 
distance from the microscope to the ground- 
glass plate were increased, provided the optical 
parts of the microscope were of sufficient quality. 

In making all measurements, the readings 


of the steel scale are estimated and recorded 
to 0.1 mm. 

The most generally used method of determin- 
ing the mesh of the sieve is by means of what is 
sometimes known as “picket-fence interference,” 
also the “moire effect.” For the No. 200 sieve, 
a glass scale is accurately graduated with 200 
lines to the inch, the opaque lines being about 
equal in width to the space between the lines. 
The exact number of Unes per unit length is 
immaterial, however, provided the graduation 
is uniform and the exact number per unit length 
is known. When a scale such as this is laid on a 
piece of woven wire cloth having a mesh per unit 
length approximating the number of lines per 
unit length on the scale, and a strong light is 
placed beneath, dark bands will appear which in 
a unit length are equal in number to the difference 
between the mesh of the cloth and the gradua- 
tion of the scale. If the scale is moved length- 



Fig. 1— Method of Selecting Openings for 
Plotting of Different Sizes of Openings (see Para- 
graph A4). 

Only the indicated openings are measured. 

wise, in a direction perpendicular to the lines, 
the dark bands will also move. If these bands 
move in the same direction as the motion of the 
scale, the mesh of the sieve is less, if the motion 
is in the opposite direction, the mesh is greater 
than the number of lines on the scale. If some 
bands move in one direction and some in the 
other, the number moving in each direction 
must be counted separately, and the algebraic 
sum taken as the number of bands. For sieves 
840 micron (No. 20) to 210 micron (No. 70), 
inclusive, the best results are obtained with a 
transparent line about the width of a wire 
diameter ruled on an opaque background. For 
sieves' coarser than these it is usually necessary 
to coimt the fringes by the aid of a hand lens 
nging a steel scale as the standard. Scales 
should be calibrated before being used in testing 
sieves. 

The limi ting values for average opening and 
for m aximum opening are found by multiplying 

1 

tA 
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the nominal values in column 2 of Table I 
by the permissible Variations expressed in per 
cent (columns 4 and S of Table I) — considered 
as exact figures followed by zeros after the 
decimal point — and rounding off the result to 
the same number of decimal places as given in 
column 2 of Table I. 

A4. If it is desired to plot the frequency of 
occurrence of different sizes of openings across 
the sieve, 100 openings in the sieve should be 
measured in a diagonal direction across the 
sieve, then 100 openings are measured in a 
diagonal direction at right angles to the first. 
Six fields are chosen in each direction, and in any 


one field the diagonal method of measurement is 
used as illustrated in Fig. 1 

Each opening is measured between the warp 
wires and also between the shoot wires; the 
warp readings and the shoot readings are sepa- 
rately tabulated and plotted. 

A5. The National Bureau of Standards ac- 
cepts sieves for test to determine conformity to 
specifications. 

A6. Glass scales such as are described above 
may be obtained from: Bausch & Lomb Optical 
Co., Rochester, N. Y., and Keuffel & Esser Co., 
Hoboken, N. J. 


Presentation of Data 


A7. Sieve tests should be presented in 
tabular or graphical form in terms of the nominal 
sieve opening and the percentage by weight. 
For purposes of comparison the cumulative 
percentage undersize will be accepted as stand- 
ard. This does not preclude the representation 
of percentages on individual sieves, provided 
the sieve interval is clearly specified as plus 
one sieve number and minus another, or as 
between two sieve apertures. Graphical repre- 


sentation may include the use of logarithmic 
scales, probability paper, etc,, to emphasize 
specific characteristics of shape, 

A8. The presentation of data for round-hole 
screens should follow the same general proce- 
dure as that specified in Paragraph A7 of this 
Appendix for square apertures, but in all cases 
the term diameter should be applied to the 
size of the opening. 


I 

Jl h 
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A.S.T.M. Designation: E4-36 

Adopted, 1936.* 

Reapproved in 1942 Without Change. 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation E 4; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Scope 

1. These methods cover procedures 
for the verification of testing machines 
by means of standard calibrating devices. 

Definitions 

Definitions 


The accuracy of a testing machine should 
not be confused with sensitiveness. For ex- 
ample, a testing machine might be very sensi- 
tive, that is, it might indicate quickly and 
definitely small changes in the load, but, never- 
theless, be very inaccurate. On the other hand, 
the accuracy of the results is, in general, limited 
by the sensitivity. 


2. {a) Testing Machine . — A mechani- 
cal device for applying a load (force) to 
a specimen. 

Note.— U sually the magnitude of the load 
can be changed at the will of the operator. 
Many testing machines are arranged to measure 
the load, but this is not always the case, espe- 
cially with impact machines and machines for 
testing ductility. 

(6) Accurate . — A testing machine is 
said to be accurate if the indicated load 
is within the specified permissible varia- 
tion from the actual load. 

Note. — The word “accurate” applied to a 
testing machine shall be used without numerical 
values, for example, “An accurate testing ma- 
chine was used for the investigation.” 

I Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee E-1 on Methods of Testing. 

* Prior to their present adoption as standard, these 
methods were published as tentative from 1923 to 1924, 
being revised in 1924. They were adopted in 1924, but 
wilhdrawn and republished as tentative from 1933 to 1936, 
being revised in 1934, 193S, and 1936. Editorially revised 
fjpxl rearranged ip 1939. 


(c) Error . — In the case of a testing 
machine, the value obtained by sub- 
tracting the correct value of the quantity 
measured (usually load) from the indi- 
cated value as given by the testing 
machine. 

Note. — ^T he error may be positive or nega- 
tive. 

The word “error” shall be used with nu- 
merical values, for example, “At a load of 30,000 
lb. the error of the testing machine was 15 lb,” 

{d) Percentage of Error.— In the case 
of a testing machine, the ratio, expressed 
as a percentage, of the error to the cor- 
rect value of the quantity measured. 

(^) Correction.— hi the case of a test- 
ing machine, the value obtained by 
subtracting the indicated value from the 
correct value of the quantity measured. 

Note. — ^The correction has the same magni- 
tude as the error but the opposite sign. It is 
recommended that, except for special cases, no 


1153 


1154 


Verihcation of Testing Machines (E 4 - 36) 


corrections be used on macMnes tested and 
found to have errors within the permissible 
variations given in these methods, 

(/) Permissible Variation ^ — In the 
case of a testing machine, the maximum 
allowable error in the value of the 
quantity indicated. 

Note. — It is convenient to express permis- 
sible variation in terms of percentage of error. 
The numerical value of the permissible variation 
for a testing machine is so stated hereafter in 
these methods. 

(g) Loading Range . — The loading 
range of a testing machine or of an 
apparatus for calibrating a testing ma- 
chine is the range of indicated loads for 
which the testing machine or the cali- 
brating apparatus gives results within 
permissible variations specified. 

{h) Elastic Calibration Device . — ^An 
elastic calibration device for use in 
verifymg the load readings of a testing 
machine consists of an elastic member to 
which loads may be applied combined 
with a mechanism for indicating the 
magnitude of deformation under load. 

Methods tor Verifying Testing 

Machines that Measure Load 

Advantages and Limitations of Different 

Methods. 

3. Four methods of verifying testing 
machines are listed in this standard, as 
follows: 

(a) Verification by Standard Weights. 
—Verification by the direct application 
of standard weights to the weighing 
mechanism of the testing machine, 
where practicable, is the most accurate 
method. Its limitations are (i) the 
small range of load which can be covered, 
(2) the nonportability of any large 
amount of standard weights, and (3) its 
nonapplicability to horizontal testing 
machines or to vertical testing machines 
whose weighing mechanisms are attached 
to their upper platens. f 


(6) Verification by Proving Levers . — 
Verification by the use of standardized 
proving levers loaded with standard 
weights ranks second in accuracy. Its 
limitations are (i) the fact that the 
range of load possible with proving 
levers, while greater than with standard 
weights, is not great enough to cover the 
capacity range of large testing machines, 
and (2) the inconvenience of transporta- 
tion of proving levers and standard 
weights for verifying large testing 
machines. 

(c) Verification by Elastic Calibra- 
tion Device . — Verification by the use of 
an elastic calibration device ranks third 
in accuracy. It is free from the limita- 
tions of the methods referred to in 
Paragraphs (a) and (b). 

(d) Verification by Comparison 
Method . — Verification by a comparison 
of the tensile strength of test specimens 
(“companion specimens’’) cut from the 
same piece of metal, is distinctly less 
accurate than the three methods referred 
to in Paragraphs (c), (6), and (c), and 
should be used only when none of the 
other methods are available. If the 
results of a verification test by the com- 
parison method fail to agree with the 
results of a verification test by any of 
the other three methods, the results 
given by the comparison method shall 
be discarded. 

Method of Applying Load 

4. In the verification of a testing 
machine, the loads shall be applied in 
ascending order. 

Note. — For any testing machine (particu- 
larly for certain types of machines in which the 
load-indicating device is actuated by a Bourdon 
pressure tube, a hydrauUc (or steam-engine) 
indicator, or other device depending on the 
elastic properties of a material, or for machines 
in which, the load is measured by measuring the 
pressure in a hydraulic jack), the errors ob- 
served at corresponding loads taken first by in- 
creasing the load to the test load and then by 
decreasing it to the test load may not agree. 
Testing machines are usuaHy used under in- 
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creasing loads, but if a testing machine is to be 
used under decreasing loads it should be cali- 
brated under decreasing loads as well as under 
increasing loads. 

Selection of Test Loads 

5. For any loading range, tiie testing 
machine shall be verified by at least five 
test loads (except for testing machines 
designed to measure only a smaller 
number of definite loads, such as certain 
hardness testing machines). The differ- 
ence between any two successive test 
loads shall not exceed one-third of the 


along the axis of the testing machine 
as is possible. 

Note.— T he effect of eccentric load on the 
accuracy of a testing machine may be deter- 
mined by calibration readings taken with 
proving levers or an elastic calibration device 
placed so that the resultant load is applied at 
definite distances from the axis of the machine, 
and the loading range determined for a series 
of eccentricities. In the case of testing ma- 
chines in which the load reading depends on the 
hydrostatic pressure in a cylinder fitted with a 
piston, the effect of eccentricity of loading is 
most serious when the piston is at the extreme 
outward position allowable. 



difference between the maximum and 
minimum test loads. 

Note. — A testing machine may have more 
than one loading range. For instance, a 
100,000-lb. capacity testing machine may have 
one loading range from 5000 lb. to 40,000 lb. 
and a second loading range from 55,000 lb. to 
100,000 lb. Section 4 requires that the machine 
must be verified by at least five test loads 
between 5000 lb. and 40,000 lb. and also that the 
machine must be verified by at least five test 
loads between 55,000 lb. and 100,000 lb. 

Eccentric Loading 

6. For the purpose of determining the 
loading range of a testing machine, all 
calibration loads siiall be applied so that 
the resultant load shall be as nearly 


Verification by Standard Weights 
Procedure 

7. Standard metal weights of suitable 
design, finish, and adjustment shall be 
placed on the weighing platform of the 
testing machine or upon trays or other 
supports suspended from the load- 
measuring mechanism in place of the 
specimen. The weights shall be applied 
in increments and removed in the re- 
verse order. They shall be arranged 
symmetrically with respect to the weigh- 
ing platform, so that the center of grav- 
ity of the load lies in the vertical line 
throu^ the center of the platform. 

1 % 
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The applied load and the indicated load 
shall be recorded for each test load 
applied, and the error calculated from 
these data. 

Note.— -T he method of verification by 
standard weights can be used only on vertical 
testing machines. The total load is limited by 
the size of the platform and the number of 
weights available. Often 20 weights of 50 lb. 
each are used, a total of 1000 Ib. 

This method of verification is seldom used 
for any but small testing machines, as the 
loading range does not include the loads for 
which large machines are used. 

Verification by Standardized Proving 
Levers 

Levers 

8. (o) The arrangement of proving 
levers for verifying testing machines is 
shown in Fig. 1. The two levers rest on 
supports on the weighing platform of 
the testing machine. These supports 
shall move easily in a horizontal direc- 
tion, which insures that the forces at 
each of the knife edges shall be very 
nearly vertical. The inner knife edges 
in each lever bear against a suitable 
block in the movable head of the testing 
machine. Weight trays or hangers are 
suspended from each of the outer knife 
edges and these trays or hangers are 
loaded with standard weights. The 
increment of load put on the testing 
machine by the standard weights is the 
amount of standard weights multiplied 
by the lever ratio mfn, Fig, 1. 

(5) The knife edges, as well as their 
supports, shall be of hardened tool steel. 
The knife edges shall be ground sharp 
to an angle of 90 deg. The load on any 
knife edge shall not exceed 7000 lb. per 
linear inch. The three knife edges in 
each lever shall be parallel, and their 
edges shall lie in a plane. Each lever 
shall have machined surfaces, in this or 
in some parallel plane, upon which a 
spirit level can be placed. | ^ 

1 I' ■ 


Verification of Levers 

9. The lever ratio of a proving lever 
shall be determined by the use of at least 
three test loads; the amount of weights 
used shall not be less than the maximum 
load applied upon one of the arms of a 
lever in using the levers to verify testing 
machines. The proving lever shall be 
balanced over its center knife edge with 
suitable weight trays suspended from the 
end knife edges. Standard weights shall 
then be applied to the trays in three 
steps, corresponding approximately to 
50, 75, and 100 per cent of the weights 
available, and the proving lever shall 
then be brought to a balance by the use 
of small weights and by observations of 
the freely swinging proving lever. From 
the weights in the two weight trays the 
lever ratio shall be calculated. 

Procedure 

10. The proving levers shall be placed 
symmetrically in the testing machine 
to be verified, and both levers shall be 
brought as near to a horizontal position 
as is feasible, after applying each incre- 
ment of load, by means of the movable 
head of the testing machine. The test- 
ing machine shall be balanced with the 
levers in place and the weight trays 
empty. Standard weights shall be ap- 
plied (or removed) in increments, half 
an increment in (or from) each tray. 
The weights shall be placed symmetri- 
cally on the weight trays, with the center 
of gravity of the weights over the center 
of the tray. The applied load and the 
indicated load shall be recorded for each 
test load applied, and the error calcu- 
lated from these data. 

Note. — The use of standardized proving 
levers on horizontal testing machines involves 
the use of bell crank levers. They require 
special methods of determination of lever ratio, 
which have not yet been codified in A.S.T.M. 
standards. Proving levers for vertical testing 
machines are now available up to 50, 000-lb. 
capacity. 
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Verification by Means of an Elastic 
Calibration Device 

Design and Workmanship 

11. An elastic calibration device 
should be so designed and constructed 
that its accuracy is not in danger of 
being impaired by handling, shipping, 
or ordinary use, and so that parts sub- 
ject to damage, replacement, or removal 
for storage and shipment can be replaced 
without impairing the accuracy of the 
device. 

Note.— -This section is nonquantitative in 
its requirements. It is placed b the method 
for the purpose of callbg attention to the fact 
that an elastic calibration device, if improperly 
designed and constructed, may, like any other 
delicate measuring instrument, be damaged and 
rendered inaccurate by handling and shipping. 

Shackles and Bearing Blocks 

12. An elastic calibration device shall 
be provided with shackles, bearing 
blocks, or any other necessary fixtures 
through which the load is to be applied 
to the calibration device. All such 
fixtures should be so designed and con- 
structed that when placed in a testing 
machine in reasonably good condition 
there shall be no variation of reading 
in excess of permissible variations, due 
to imperfections in the bearing blocks 
or in the motion of the head of the 
testing machine. 

Note. — This section is nonquantitative m 
its requirements. It is placed in the method for 
the purpose of calling attention to the fact that 
poorly designed loading fixtures can render 
inaccurate the readings of an elastic calibration 
device. 

Graduation of Scale 

13. (a) The scale of the indicating 
mechanism shall be uniformly graduated. 
The distance between any two gradua- 


* The terha “calibration device” shall be intemreted 
to include solid bars, hollow bars, elastic loops ,and other 
members whose elastic deformation can be measured. 


tion lines, dots, or other dividing marks 
(or between their images, if a viewing 
system with a definite optical magni- 
fication is used), shall be not less than 
0.035 in. 

(&) The difference between the posi- 
tion of any graduation line and its correct 
position on the scale shall not exceed 
one twentieth of the distance between 
two adjacent graduation lines. For 
scales on a circular dial, when successive 
lines are set to one fixed index line, the 
positions of successive graduation lines 
nearly diametrically opposite, referred 
to another fixed index line shall differ 
from each other by (1) not more than 5 
per cent of the smallest division of the 
dial, or (2) not more than 0.1 per cent 
of the minimum load in the loading range 
of the instrument, if (2) be larger 
than (i). 

(c) The change of load necessary to 
cause a relative movement of 0.1 in. 
between the index line and the scale (or 
its image if a viewing system with a 
definite optical magnification is used) 
shall not exceed 1 per cent of the capacity 
load of the instrument. 

Label Showing Manufacturer, Number, 

and Capacity 

14. The manufacturer’s name, the 
capacity load, and the serial number of 
the device shall be legibly marked on 
some part of the instrument, 

Temperature Equalization 

15. When using an elastic calibration 
device to verify the load readings of a 
testing machine, the device should be 
placed near, or preferably in, the testing 
machine a sufficient length of time before 
the test so that the device and the test- 
ing machine shall be at very nearly the 
same ^temperature, 
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Ellminatloii of Small Temperature 

Effects Due to Stress 

16. To minimize errors due to tem- 
perature effect of stress and pseudo- 
elastic action, the time schedule followed 
when verifying an elastic device which 
is loaded in axial tension or compression 
shall be reported; and the same time 
schedule, within limits stated in the re- 
port, shall be followed when using the 
device to calibrate a testing machine. 

Primary Standards for Elastic Calibra- 
tion Devices 

17. (a) For loads not exceeding 
100,000 lb., an elastic calibration device 
shall itself be calibrated by applying 
dead weights known to be accurate with- 
in 0.02 per cent. 

(b) For loads exceeding 100,000 lb., 
an elastic calibration device may be cali- 
brated by another elastic calibration 
device or by a combination of several 
elastic calibration devices, or by proving 
levers'^ and dead weights. In this case 
the calibrating load applied shall be 
known to be accurate within 0.1 per cent. 

Preliminary Cyclic Loading 

18. Before taking readings for the 
formal verification of an elastic calibra- 
tion device by means of dead weights or 
other primary standards, the device 
shall be subjected to a series of cyclic 
loads varying from a minimum load 
not greater than 2 per cent of the capac- 
ity load of the device to a maximum 
load not less than 5 per cent nor more 
than 10 per cent above the nominal 
capacity load. 

Routine in Calibration of Elastic Cali- 
bration Device 

19. For any range of test loading 
w'hich may be applied in calibrating an 
elastic calibration device, there shall be 

* The term "proving levers” is not to be interpreted as 
allowing the use of the lever system of a compound lever 
testing machine or of a platform scale as a part of a pri* 
mary standard. # 
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applied at least eight test loads, and the 
difference between any two successive 
test loads shall not exceed one-fifth of 
the difference between the minimum and 
the maximum test loads. The series of 
test loads shall be applied to the elastic 
calibration device at least three times, 
and the shackles or bearing blocks shall 
be readjusted before each application of 
a series of loads. 

Note, — If the magnitude of deformation of 
the elastic calibration device is measured with a 
self-indicating dial micrometer or dial indicator, 
the elastic calibration device shall be used only 
at the test loads for which it has itself been 
calibrated by comparison with a primary stand- 
ard. It shall be used only when the deforma- 
tion measuring apparatus is so adjusted that 
the no-load reading of the device is nearly equal 
to the no-load reading observed during the 
calibration of the elastic calibration device. 

Permissible Variations for Elastic Cali- 
bration Device 

20. (a) For ordinary use, the loading 
range of an elastic calibration device 
shall be that range of load within which 
any reading under an applied load shall 
not differ from the average of at least 
three readings under the same load by 
more than one-fifth of 1 per cent.® 

(J) The report of the verification of 
the elastic calibration device shall also> 
state the loading range within which 
no reading varies from the average of at 
least three readings under the same load 
by more than one-tenth of 1 per cent. 
This range shall be designated as the 
Precision Loading Range for the device. 

Temperature Correction for Elastic 

Calibration Device 

21. In using an elastic calibration de- 
vice made of steel with not more than 
5 per cent of alloying elements, a fairly 
accurate correction for variation in 
temperature may be made on the basis 

* This means that the report of a standardizing labora- 
tory on an elastic calibration device will state within 
what loading range it may be used, rather than reporting a 
blanket acceptance or rejection of the device. Tnis 
follows the practice recommended for testing machines. 
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that the modulus of elasticity in tension 
or compression (or flexure) diminishes 
by 0.015 per cent for each degree Fahren- 
heit increase in temperature. For other 
metals, if the change in the modulus of 
elasticity with temperature is known, a 
correction for temperature should be 
applied to the readings of the instrument. 
During any calibration of a testing 
machine with an elastic calibration de- 
vice, or durmg the calibration of the 
device itself, temperature shall be kept 
as uniform as possible.® 

Verification by Companion Specimen 
Method 

Description of Comparison Method 

22. When the direct method of veri- 
fication of a testing machine cannot be 
carried out (as is the case at present 
with horizontal testing machines, for 
example), or when an elastic calibration 
device is not available, a comparison 
method of verification may be used. In 
this method the machine to be verified 
is tested by comparing its indications 
with the corresponding readings ob- 
tained under the same conditions by the 
use of another testuig machine, especially 
tested and verified, as specified m Sec- 
tion 23. The method of verification by 
comparison shall be carried out by the 
use of a series of companion specimens, 
half of which are to be tested in tension 
in the machine to be verified, and half 
of which are to be tested m tension m the 
especially verified te sting machine which 
serves as a standard machine. The 
general provisions respecting the appli- 
cation of the test loads and the loading 
range which are outlined in the direct 
method of verifying testing machines 
(Sections 4, 5, and 6) shall apply to the 
verification of testing machines by the 

® Similar errors due to change of modulus of elasticity 
with temperature may be prraent in the load-indicating 
mechanism of a testing machine usin^ a Bourdon gage or 
other device dependent on the elastic deformation of a 
member. 


comparison method, so far as is prac- 
ticable. 

Requirements for Testing Machines 

Used for Verifying Other Machines 

23. (a) A testing machine which is to 
be used as the standard for verifying 
other testing machines shall itself be 
verified by a special test, in which the 
verification is carried out twice. The 
loading range shall be determined by the 
permissible variation of plus or minus 
1 per cent (Section 27). For the loading 
range established, the differences in 
indications found in the two tests of the 
standard machine shall not exceed 0.25 
per cent. 

(b) In verifying testing machines by 
the companion specimen method, correc- 
tions shall be applied to the indications 
of the standard machine and these 
corrections shall be based on the average 

li ly- [6 "17" rir:.! 

(a) Method of Numbering Specimens. 

r Pad/ us noi less fhan ~ 

^ough ^ Rough Tum^ ^ 

-Bd — l< e d 

(b) Form of Test Specimen. 

Fig. 2. — Companion Specimen. 

correction obtained in the two tests 
used in its verification. 

Test Specimens 

24. (a) For each test load, eight or 
more tension test specimens shall be 
cut from soft-rolled or drawn steel and 
numbered consecutively, as in Fig. 2 (a). 

(6) The tensile strength of the steel 
shah be determined by a preliminary 
test and the sets of specimens for the 
comparison test shall have such nominal 
cross-sectional areas as will give, ap- 
proximately, the loads required. The 
form of the specimen shall be as shown 
in Fig. 2 (5), The ends may be threaded 
or o^erwise machined to fit holders, 
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but it is recommended that those speci- 
mens shipped to another laboratory be 
left with cylindrical ends. The actual 
value of “d” (Fig. 2 (&)) for each speci- 
men shall be determined by means of a 
micrometer. 

Note. — It should be noted that the standard 
tension test specimen, 0.5 in. in diameter and 
having a 2-in. gage length, satisfies the require- 
ments for a specimen for the verification of a 
testing machine by the comparison method. 
See Fig. 3 of the Standard Methods of Ten- 
sion Testing of Metallic Materials (A.S.T.M. 
Designation ; E 8) of the American Society for 
Testing Materials.’ 

Procedure 

25. (ff) The specimens having odd 
numbers shall be tested in the machine 
to be verified, and those having even 
numbers shall be tested in the standard 
testing machine. The tensile strength 
only shall be determined. 

{b) The speed of the testing machine, 
by which is meant the speed of the 
pulling head when the machine is run- 
ning idle with no specimen in the 
machine, when testing verification speci- 
mens shall be approximately the same 
for both the standard testing machine 
and the machine being verified. The 
speed shall be the slowest speed that can 
be obtained on both machines; in any 
case the speed shall not exceed 1 in. per 
min. per inch of diameter of companion 
specimen. 

(c) W^ien testing companion speci- 
mens, especial care shall be taken to 
maintain the weighing beam of the test- 
ing machine in equilibrium as the tensile 
strength of the specimen is approached. 
It is recommended that a mark be 
placed at the middle of the trig loop, 
and that a pointer be placed on the 
beam for verification tests, and that the 
pointer be kept as nearly on the mark 
as possible. 


Calculation of Error 

26. (a) The average tensile strength 
(in pounds per square inch) of the odd- 
numbered specimens, multiplied by the 
nominal area of cross-section, shall be 
considered a measure of the indicated 
load, and the average tensile strength of 
the even-numbered specimens, multi- 
plied by the nominal area of cross-sec- 
tion, shall be considered a measure of 
the applied load. The error shall be 
calculated from these data. 

(b) If the tensile strength (in pounds 
per square inch) of any companion 
specimen varies more than 1 per cent 
from the mean of the group with which it 
is tested, its tensile strength shall not 
be used in calculating the error of the 
testing machine. If more than one 
specimen in the odd-numbered group or 
more than one specimen in the even- 
numbered group exceeds the permissible 
variation in tensile strength, all the 
specimens shall be discarded and another 
set prepared. 

Permissible Variations for Testing 

Machines that Measure Load 

Permissible Variation Within Loading 

Range of a Testing Machine 

27. The error for loads within the 
loading range of a testing machine shall 
not exceed 1 per cent (Notes 1 and 2). 

Note 1. — This means that the report of the 
verification of a testing machine will state 
mthin what loading range it may be used, rather 
than reporting a blanket acceptance or rejection 
of the macliine. 

Note 2. — In no case shall the loading range 
be stated as including loads below a value 
which is 100 times the smallest load which can 
be read on the testing machine. (This means 
that if a testing machine had graduations so 
spaced that it can be read to within -h division 
and the machine is sensitive to ih division it 
would be possible for the loading range to 
extend down to the load corresponding to 10 
divisions. On the other hand, if the testing 
machine was sensitive to only 2 divisions, the 


f 


^ 1944 Book of A.S.T.M. Standards, Part I. 
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loading range could not extend below the load 
corresponding to 200 divisions.) 

Corrections 

28. The indicated load of a testing 
machine shall not be corrected either by 
calculation or by the use of a calibration 
diagram to obtain values within the 
required permissible variation. 

Time Interval Between 
Verifications 

Time Interval Between Verifications 

29. It is recommended that testing 
machines, when in constant use, be veri- 
fied at intervals of 6 months and, when 
used intermittently, at intervals of 2 or 
3 yr. Testing machines shall, however, 
be verified immediately after making 
repairs or adjustments of the weighing 
mechanism, after the testing machine 
has been moved (this does not apply to 
portable testing machines), and when- 
ever there is reason to doubt the accu- 
racy of the results, without regard to 
the time interval since the last veri- 
fication. 


Reports and Certificates 

Reports 

30. A clear and complete report shall 
be prepared of each verification of a 
testing machine. This report shall state 
the method of verification used, and 
shall give the serial numbers and the 
names of manufacturers of all apparatus 
used in carrying out the verification. 
It shall state how, by whom, and when 
the calibration of the apparatus used in 
verifying the testing machine was made, 
the loading range, the “precision” load- 
ing range of the calibration apparatus, 
and the loading range of the testing 
machine. 

Certificates 

31. A certificate giving the manu- 
facturer’s serial number and a brief 
description of the testing machine, the 
manufacturer’s name, the date of veri- 
fication, and the loading range shall be 
signed by the person responsible for the 
maintenance of the testing machine, 
and this certificate shall be posted in 
plain view of a person operating the 
testing machine. 


Standard Definitions of 
TERMS RELATING TO METHODS OF TESTING^ 

# 

A.S.T,M. Designation: E 6 - 36 
Adopted, 1930; Revised, 1936.= 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation E 6; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Stress— The intensity (measured per unit 
area) of the internal distributed forces or 
components of force which resist a change 
in the form of a body. Stress is measured 
in force per unit area (pounds per square 
inch, kilograms per square millimeter, 
etc.). 

Note. — In examining the definitions given 
in various authoritative textbooks two defini- 
tions of the term “stress” were found. Text- 
books in physics and some European text- 
books in mechanics of materials gave a 
definition substantially as above. American 
textbooks in engineering mechanics define 
stress as & force, measured in pounds. They 
call the intensity of force (pounds per square 
inch) “unit stress,” “intensity of stress,” or 
“fiber stress.” This use of the term stress 
is illustrated by the “stress sheet” of the 
bridge engineer which gives /orces, measured 
in pounds. 

In view of the fact that even in engineering 
textbooks the term “stress” is often used to 
denote intensity of force per unit of area, and 
in view of the fact that the physicists’ 
definitions involve somewhat simpler terms, 
the physicists’ definitions have been followed 
in these standards. 

While it is important to have a clear defini- 


1 Under the standardization procedure of the Society, 
these definitions are under the jurisdiction'of the,A.S.T.M. 
Committee E-i on Methods of Testing. 

» Prior to adoption as standard, these definitions were 
published as tentative from 1923 to 1930, being revised 
m 1924 and 1925. 

.f 


tion for the term “stress” it is even more 
important to keep clearly in mind the units 
used in calculations and test data for materi- 
als of construction. In fact, if the units 
are always given, there can be no misunder- 
standing as to the sense in which the term 
“stress” is used. 

There are three kinds of stress: tensile, 
compressive, and shearing. Flexure involves 
the combination of tensile stress and com- 
pressive stress. Torsion involves shearing 
stress. 

It is customary to calculate stress on the 
basis of the original dimensions of the cross- 
section of the body. 

Strain. — ^Tbe change per unit of length in a 
linear dimension of a body, which change 
accompanies a stress. Strain is measured 
in inches per inch of length (millimeters 
per millimeter). 

Note. — In some American engineering 
textbooks the term “strain” is used in the 
sense of total deformation and is measured in 
inches. Change of dimension per unit 
length is called “unit strain,” or “unit de- 
formation.” As in the consideration of the 
term “stress,” the definitions given in text- 
books in physics have been followed. 

Under tensile stress or compressive stress, 
strain is measured along the dimension under 
consideration. Shearing strain is measured 
at right angles to the dimension under con- 
sideration. In torsion tests, which involve 
shearing stress, it is customary to measure 
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the angle of twist, which may be translated 
into terms of strain. 

Stress-Strain Diagram.— A diagram plotted 
with values of stress as ordinates and 
values of strain as abscissas. 

Note. — ^The use of the term stress-strain 
diagram is frequently extended to cover 
diagrams plotted with values of applied load, 
or applied moment as ordinates, and with 
values of stretch, compression, deflection, or 
twist as abscissas. 

Fig. 1 is an example of a stress-strain 
diagram. 

Stress-strain diagrams are in some cases 
drawn directly by an autographic attach- 
ment to the testing machine. A more usual 
method of procedure consists in taking a series 
of load readings (from the balanced scale 
beam of the testing machine) with correspond- 
ing readings of the strain-indicating apparatus 
(extensometer, compressometer, deflectometer, 
or torsion indicator). The term “strainom- 



Fig. 1. — A T 3q)ical Stress-Strain Diagram with 
Elastic Strains Exaggerated. 

eter reading” will be used to denote the 
reading of any strain-measuring instrument. 
From these readings, or from values cal- 
culated from them, there is plotted a diagram 
with stress-indicating values (load, flexural 
moment, twisting moment, or stress) as 
ordinates, and strain-indicating values (elon- 
gation, shortening, deflection, twist, or 
strain) as abscissas. In planning such a test 
it is necessary to decide on the increment of 
load or the increment of reading of strainom- 
eter to be used between successive readings. 

In Fig. 2 are shown three typical stress- 
strain diagrams. The material for all three 
tests is the same, and the test specimens are 
all of the same size, so that the diagrams 
should be the same. The diagram shown in 
Fig. 2 (a) is plotted from points determined 
by taking increments of load (5). In this 
diagram it is seen that owing to the shape of 
the curve, data for locating points between 
M and N are lacking. That particular 
portion of the curve (the “knee” of the curve) 


is the part for which it is especially desirable 
to locate several points on the diagram. 

In Fig. 2 (6) is shown a diagram plotted 
from points determined by taking increments 
of strainometer reading (e). It will be noted 
that for this diagram there are located several 
points near the knee of the curve, and the 
shape of the diagram in this important region 
is much more definitely determined than for 
the curve shown in Fig, 2 (a). 

The custom of choosing increments of load 
rather than increments of strainometer 
reading is quite common in tests of materials 
and is followed because, in general, it is 
easier to calculate increments of load than it 
is to calculate increments of strainometer 
reading. An estimate of the load necessary 
to stress the specimen up to the knee of the 
curve is made and some fraction (frequently 
one-tenth) of this value is taken as an incre- 
ment. The calculation of the corresponding 
increment of strainometer reading is more 
complicated. 

Sometimes the practice is followed of 
applying a few increments of load as deter- 
mined above, and then appljdng load in much 
smaller increments {S') until the knee of 
the curve is passed. Fig. 2 (c) shows a 
diagram obtained in this manner. This 
method involves a marked increase in the 
number of readings necessary for a test and 
with unknown material there is always some 
danger that the knee of the curve will be 
reached before the use of small increments of 
load is begun. 

The following method of choosing incre- 
ments for a test is suggested: Estimate the 
load corresponding to the knee of the stress- 
strain diagram and choose a value for incre- 
ment of load about one-tenth of this value. 
Apply this increment of load (5) once and 
note the corresponding change of reading for 
the strainometer (e) . Then for the remainder 
of the test, use for the increment of strainom- 
eter reading a value which corresponds to 
some convenient interval on the scale of the 
strainometer, and which is approximately 
equal to (e). 

Elastic Limit. — The greatest stress which a 
material is capable of developing without 
a permanent deformation remaining upon 
complete release of the stress. 

Note. — ^It is a matter of experience with 
many materials, especially with many metallic 
materials, that using ordinary methods of 
testing, tlie values found for elastic limit by 
mea|^s of observations of permanent deforma- 
tion rfset) after release of stress do not differ 
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mdely from the values found for proportional 
limit, the latter being defined as: 

Proportional Limit . — The greatest stress 
which a material is capable of developing 
without a deviation from the law of pro- 
portionality of stress to strain (Hooke’s 
Law), 

Since the determination of proportional 
limit is much more readily made than is the 
determination of elastic limit, it is customary 
to accept the proportional limit as equivalent 
to the elastic limit for such materials, and 
hence the proportional limit is frequently 
called the “proportional elastic limit.” 

For certain grades of steel a special method 
of determining elastic strength is recognized 
in the standard specifications of the American 
Society for Testing Materials. See the 
Standard Specifications for Carbon-Steel 
Forgiags for General Industrial Use (A.S.T.M. 


eluding the specimen in a carefully controlled 
laboratory test) starts as local actions and 
becomes measurable only after many local 
internal adjustments and accommodations 
have occurred, and after a considerable 
portion of the member is affected by the 
3 delding. 

The limit of usefuhiess of many materials, 
especially metals, in members subjected to 
approximately static loading at ordkiary 
temperatures is therefore determined by a 
measurable value of plastic yielding of the 
material above which the material is con- 
sidered to be damaged and below which the 
damaging effects are considered to be neg- 
ligible. 

The following methods are recommended 
for determining the yield strength of a 
material: 

1. For material that has a “sharp-kneed” 





Reading 


Reading 


Reading 


(a) With Equal Incre- 
ments of Stress. 


(b) With Equal Incre- 
ments of Strain. 


(c) With Two Values of 
Increments of Stress. 


Fig. 2. — Illustrating Three Methods of Plotting Load-Deformation Curves. 


Designation: A 235), ^ for Carbon-Steel Forg- 
ings for Locomotives and Cars (A.S.T.M. 
Designation: A 236),^ for Alloy-Steel Forgings 
for General Industrial Use (A.S,T.M. Desig- 
nation: A 237),® and for Alloy-Steel Forgings 
for Locomotives and Cars (A.S.T.M. Desig- 
nation: A 238),® 

Yield Strength. — The stress at which a 
material exhibits a specified limiting 
permanent set. 

Note. — It is usually impracticable and 
probably impossible to determine the stress 
at which inelastic action in a member begins. 
Plastic yielding in nearly aU members (in- 


* 1944 Book of A.S.T.M. Standards, Part I, 


stress-strain diagram and hence exhibits at a 
certain stress the special characteristic of 
yieldhig without increase in stress. Two 
satisfactory methods are in use: 

(a) “Drop of the Bemn” Method . — In this 
method the load is applied to the specimen 
at a steady rate of increase and the operator 
keeps the beam in balance by running out 
the poise at approximately a steady rate. 
When the yield strength of the material is 
reached the increase of load stops, but the 
operator runs the poise a trifle beyond the 
balance position and the beam of the 
machine drops for a brief but appreciable 
interval of time. In a machine fitted with 
a self-indicating load-measuring device, 
there is a sudden halt of the load-indicating 
pointer corresponding to the drop of the 
beam. The load at the “half- or the 



Stress 
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whose stress-strain curve in the region of 
yield is a smooth curve of gradual curvature. 

2. For material whose stress-strain diagram 
in the region of yield is a smooth curve of 
gradual curvature: 

(a) Offset Method. — This method can be 
used, if desired, for materials having 
“sharp-kneed” stress-strain diagrams, but 
is especially adapted to materials whose 
stress-strain diagram in the yield range is 
a smooth curve of gradual curvature. 

For nearly all materials, if at any point on 
the stress-strain diagram such as r in Fig. 3, 
the load is released, the diagram for decreas- 
ing load v/ill follow a line rm approximately 
parallel to the initial portion OA , of the dia- 
gram for increasing load. The offset Oni 
will tlien give the approximate value of the 
permanent set after the release of the stress 
OR. The value of this set is given in per- 
centage of original gage length. Thus to 
determine the yield strength by the “offset 
method,” it is necessary to secure data 
(autographic or numerical) from which a 
stress-strain diagram may be drawn. Then 
with the stress-strain diagram (Fig. 3) lay 
off Om equal to the specified value of the set, 
and draw mn parallel to OA and thus locate 
r, the intersection of mn with the stress-strain 
diagram. Draw Rr parallel to the Z axis 
and then OR gives the value of the yield 
strength. 

In reporting values of yield strength ob- 
tained by this method, the specified value 
of “offset” used should be stated in paren- 
theses after the term yield strength. Thus: 
Yield strength (offset = 0.1 per cent) 
= 52,000 psi. indicates that at a stress of 
52,000 psi. the approximate permanent 
set of the material reached the value of 
0.1 per cent of the original gage length.^ 


Fig. 3. — Stress-Strain Diagram. 

yield strength. For the higher strength 
steels, a gage length of less than 8 in. is 
recommended. 

Note on Yield Point. — The above two 
methods determine what is usually called the 
yield point which is commonly defined as 
follows: 

Yield Point. — The stress in a material, 
at which there occurs a marked increase 
in strain without an increase in stress. 

It should be noted that only materials that 
exhibit this unique phenomenon of yielding 
have a yield point. The term yield point 
should not be used in connection with material 

1 


< Yield Strengtli (or its equivalent) is specified as 
follows in the standards and tentative standards of the 
Anaerican Society for Testing Materials: 

Standards or Tentative Standards for: 

Alloy-Steel Pipe ] 

Aluminum-Alloy Bars, Rods, Shapes, L 9 

Sheet 

Magnesium-Base Alloy Forgings, 

Castings, Sheet 

The Alloy: Copper, 80 per cent; Tin, 

10 per cent; Lead, 10 per cent. .-^. . . 

Copper-Silicon Alloy Plates, Sheets, 

and Bars 

Malleable Iron Castings 

Aluminum-Bronze Castings 

Bronze Bearing Metals and Steam or 

Valve Sand Castings 

Composition Brass or Ounce Metal 

Sand Castings 

Naval Brass Rods for Structural Pur- 
poses 


I O.S per cent elon- 
gation under 
load (approxi- 
mately equiv- 
alent to 0.35 
per cent “off- 
set”) 


drop IS recorded, and the corresponding 
stress is taken as the yield strength. This 
method of determining the yield strength 
requires only one man to conduct a test. 

(&) Total Strain Method Using Dividers 
(F requen tly called the ‘ ^Dividers M eihod”).~ 
In this method an observer with a pair 
of dividers or other suitable apparatus, 
watches for visible elongation between two 
section marks on the specimen. When 
visible stretch is observed, the load at 
that instant is noted, and the stress cor- 
responding to the load is taken as the 


A n 
> / 



"Om = Specif fed Off •set 
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In using this method, an extensomcter 
reading to 0.0001 in. per in. of gage length 
would be sufl&ciently sensitive for most 
materials. The elastic limit and the pro- 
portional limit may be regarded as special 
values of the yield strengtli. They are the 
highest stresses for which the “set” and the 
“offset,” respectively, are not measurable ■ 
with the instruments used and hence is 
considered to be zero. 

For any given stress the deviation (offset) 
from Hooke’s law is only approximately 
equal to the set after the removal of that 
stress, and the approximation becomes less 
and less exact as the permissible deviation 
diminishes. This method is devised for 
determining a stress corresponding to a well 
marked plastic deformation, or set, and it is 
not feasible to specify a very small value for 
the permissible “offset” Om. 

(6) Approximate Method Without Stress- 
Strain Diagram . — For tests to determine 
the acceptance or rejection of material 
whose stress-strain characteristics are well 
known from previous tests of similar 
material in which stress-strain diagrams 
were plotted, the total strain corresponding 
to the stress at which the specified per- 
manent set occurs will be known within 
satisfactory limits; therefore, in such tests 
a specified total strain may be used, and 
the stress on the specimen, when this 
total strain is reached, is the value of the 
yield strength. The total strain can be ob- 
tained satisfactorily by use of an extensom- 
eter reading to 0.0001 in. per in. of gage 
length. But is recommended that this 
approximate method be used only after 
agreement between the manufacturer and 
the purchaser, with the understanding that 
check tests be made for obtaining stress- 
strain diagrams for use with the offset 
method to settle any misunderstandings. 


Tensile Strength. — ^The maximum tensile 
stress which a material is capable of 
developing. 

Note. — ^In practice, it is considered to be 
the maximum stress developed by a specimen 
representing the material m a tension test 
carried to rupture, under definite prescribed 
conditions. Tensile strength is calculated 
from the maximum load carried during a 
tension test and the original cross-sectional 
area of the specimen. 

Compressive Strength.— -The maximum com- 
pressive stress which a material is capable 
of developing. 

Note, — ^In the case of a material which 
fails in compression by a shattering fracture 
the compressive strength has a very definite 
value. In the case of materials which do not 
fail in compression by a shattering fracture 
the value obtained for compressive strength 
is an arbitrary value depending upon the 
degree of distortion which is regarded as 
indicating complete failure of the material. 

Modulus of Elasticity. — The ratio, within 
the elastic limit of a material, of stress 
to corresponding strain. 

Note. — As there are three kinds of stress, 
so are there three moduli of elasticity for any 
material: the modulus in tension, the modulus 
in compression, and the modulus in shear. 
The value of the modulus of elasticity in 
tension is nearly the same, for most metals, 
as the value of the modulus of elasticity in 
compression. The value of the modulus of 
elasticity in shear is smaller than the value 
of the modulus of elasticity in tension. The 
modulus of elasticity is expressed in pounds 
per square inch (kilograms per square 
millimeter). 



AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: M 132-42 


Standard Definitions of 
TERMS RELATING TO SPECIFIC GRAVITY^ 



A.S.T.M. Designation: E12-27 
Adopted, 1927.* 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation E 12; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Absolute Specific Gravity (of solids and 
liquids). — The ratio of the weight referred 
to vacuum of a given volume of the ma- 
terial at a stated temperature to the 
weight referred to vacuum of an equal 
volume of gas-free distilled water® at a 
stated temperature. It shall be stated 
thus: 

(а) When the temperatures of the ma- 
terial and of the water are the same: 

Absolute Specific Gravity x°/x°C 

where x is the temperature of the material 
and the water. 

(б) When the temperatures of the ma- 
terial and of the water are not the same: 

Absolute Specific Gravity x°/y°C 

where x is the temperature of the material 
and y is the temperature of the water. 

Note. — ^In the interest of standardization 
and simplification, the first form of state- 
ment of specific gravity (a) should be em- 
ployed wherever practicable. 

Specific Gravity (of solids and liquids). — 
The ratio of the weight in air of a given 


1 Under the standardization procedure of the Society, 
these definitions are under the jurisdiction of the A.S.T.M. 
Committee E-8 on Nomenclature and Definitions. 

* Prior to adoption as standard, these definitions were 
published as tentative from 1925 to 1927, being revised in 
1926 and 1927. 

« Distilled water boiled vigorously in vacuum. 


volume of the material at a stated tem- 
perature to the weight in air of an equal 
volume of distilled water at a stated 
temperature. It shall be stated thus; 

(c) When the temperatures of the ma- 
terial and of the water are the same: 

Specific Gravity x°/x°C, 

where x is the temperature of the material 
and the water, 

{b) When the temperatures of the ma- 
terial and of the water are not the same: 

Specific Gravity x°fy°Q 

where x is the temperature of the material 
and y is the temperature of the water. 

Note. — In the interest of standardization 
and simplification, the first form of statement 
of specific gravity (a) should be employed 
wherever practicable. 

Apparent Specific Gravity (of solids). — ^The 
ratio of the weight in air of a given volume 
of the impermeable portion of a permeable 
material (that is, the solid matter includ- 
ing its impermeable pores or voids) at a 
stated temperature to the weight in air 
of an equal volume of distilled water at a 
stated temperature. It shall be stated 
thus: 

(a) When the temperatures of the ma- 
terial and of the water are the same: 

Apl^arent Specific Gravity 
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where x is the temperature of the material 
and the water. 

(b) When the temperatures of the ma- 
terial and of the water are not the same: 

Apparent Specific Gravity x°/y°C 

where x is the temperature of the material 
and y is the temperature of the water. 

Note 1. — In scientific circles, specific grav- 
ity and density determinations made in air 
(that is, uncorrected to vacuum) are fre- 
quently distinguished by the adjective 
“apparent.” Thus, the specific gravity de- 
fined by the second definition (specific grav- 
ity) would be designated as “apparent 
specific gravity” and that defined by the first 
definition (absolute specific gravity) as 
“specific gravity.” But in industry, the 
terminology is more generally in accordance 
with that given in these definitions. 

Note 2. — The terms “permeable” and 
“impermeable” cannot be rigidly defined for 
general application. The exact meaning in 
a particular application is the conventional 
one inferred by the procedure specified for 
determining the specific gravity of the ma- 
terial in question. 

Note 3.— In the interest of standardiza- 
tion and simplification, the first form of 


statement of specific gravity {a) should be 
employed wherever practicable. 

Bulk Specific Gravity (of solids). — The ratio 
of the weight in air of a given volume of 
a permeable material (including both 
permeable and impermeable voids normal 
to the material) at a stated temperature 
to the weight in air of an equal volume of 
distilled water at a stated temperature. 
It shall be stated thus: 

(a) When the temperatures of the ma- 
terial and of the water are the same: 

Bulk Specific Gravity x°/x°C 

where x is the temperature of the material 
and the water. 

(&) When the temperatures of the ma- 
terial and of the water are not the same: 

Bulk Specific Gravity x°/y°C 

where x is the temperature of the material 
and y is the temperature of the water. 

Note 1. — See Note 2 under “Apparent 
Specific Gravity.” 

Note 2. — ^In the interest of standardiza- 
tion and simplification, the first form of 
statement of specific gravity (a) should be 
employed wherever practicable. 


Standard Definition ofi 
THE TERM SCREEN (SIEVE)' 



A.S.T.M. Designation: E 13 - 42 
Adopted, 1942.2 

This Standard of the American Society for Testing Materials is issued under 
the fixed designation E 13; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 

Screen (Sieve). — A plate or sheet or a woven cloth, or other device, with regu- 
larly spaced apertures of uniform size, mounted in a suitable frame or holder, 
for use in separating material according to size. 

Note 1.-— The shape and spacing of apertures, size of wires or threads, thickness 
of plate or sheet, allowable variations and similar properties should be taken care of 
in specifications. 

Note 2. — In mechanical analysis testing work, when not otherwise specified, the 
terra “sieve” shall apply to an apparatus in which the apertures are square, and 
the term “screen” shall apply to an apparatus in which the apertures are circular. 


1 Under the standardization procedure of the Society, this definition is under the junsdiction of the 
A.S.T.M. Committee E-8 on Nomenclature and Definitions. 

2 Prior to adoption as standard, this definition was published as tentative from 192S to 1942, being revised 
in 1926, 1928, and 1942. 


Standard Dejinitiofis of 

TERMS RELATING TO RHEOLOGICAL PROPERTIES 
OF MATTER! 



A.S.T.M. Designation ; E 24 - 42 
Adopted, 1942.^ 

THs Standard of the American Society for Testing Materials is issued under 
the fixed designation E 24; the final number indicates the year of original 
adoption as standard or, in the case of revision, the year of last revision. 


Consistency. — That property of a body by 
virtue of which it tends to resist deforma- 
tion. 

Plasticity. — That property of a body by 
virtue of which it tends to retain its 
deformation after reduction of the deform- 
ing stress to its yield stress. 

Elasticity.— That property of a body by 
virtue of which it tends to recover its 
original size and shape after defonnation. 
Liquid. — A substance which undergoes con- 
tinuous deformation when subjected to 
shearing stress. 

Simple Liquid. — A liquid in which the rate 
of shear is proportional to the shearing 
stress. The constant ratio of shearing 

’ Under the standardization procedure of the Society, 
these definitions are under the jurisdiction of the A.S.T.M. 
Committee E-1 on Methods of Testing. 

s Prior to adoption as standard, these definitions were 
published as tentative from 1934 to 1942, being revised in 
1937 and 1940. 


stress to rate of shear of a simple liquid 
is the viscosity of the liquid. 

Complex Liquid. — A liquid in which the 
rate of shear is not proportional to the 
shearing stress. 

Solid. — A substance which undergoes per- 
manent deformation only when subjected 
to shearing stress in excess of some finite 
value characteristic of the substance 
(yield stress). 

Plastic Solid. — A substance which does not 
deform under a shearing stress until the 
stress attains the yield stress, when the 
solid deforms permanently. 

Elastic Solid.— A substance in which, for all 
values of the shearing stress below the 
rupture stress (shear strength), the strain 
is fully determined by the stress regard- 
less of whether the stress is increasing or 
decreasing. 
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AND 

EMERGENCY ALTERNATE PROVISIONS 

{As of Novefnber, 1944) 
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TENTATIVE STANDARDS RELATING TO 
NONMETALLIC MATERIALS— CONSTRUCTIONAL 


(For revisions or change of status in any of these Emergency Standards or Emergency 
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EMERGENCY SPECIFICATIONS 

FOR 

BLANKET THERMAL INSULATION FOR BDILBING PURPOSES^ 
A.S.T.M. Designation: ES - 14 
Issued, August 24, 1942. 

Emergency Specifications are issued by tbe American Society for Testing Materials in ac- 
cordance with, a special procedure^ in the interest of expediting procurement or conserva- 
tion of materials during the period of National Emergency. They are intended for use 
where they may be considered by the purchaser of the material as suitable for the spe- 
cific application or use desired, or as a permissible alternate for existing specifications. 


Scope 

1. These specifications cover blanket 
or batt thermal insulating materials 
furnished in flexible or semirigid form 
and suitable for building purposes for 
application to flat or curved surfaces. 

Materials and Manufacture 

2. (a) The insulation shall consist of 
clean fibrous material, organic or in- 
organic, suitably bonded or reinforced 
or both. 

(&) The material shall be effectively 
surfaced or reinforced with one or more 
sheets of strong durable paper or suit- 
able textile, unless it is of such nature 
as to make the use of surfacing mate- 
rials obviously unnecessary. 

Physical Properties 

3. The blanket insulation shall con- 
form to the following requirements as to 
physical properties : 


^ Under the standardization procedure of the Society, 
these Emergency Specifications are under the jurisdiction 
of the A.S.T.M. Committee C-I6 on Thermal Insulating 
Materials. 

®This special procedure is set forth in the 1944 
A.S.T:M. Year Book. 


Density, max., lb. per cu. ft 8 

Thermal conductivity, max., Btu. in. per 
sq.ft, per hr. per deg. Fahr., at mean 
temperature of 75 F 0.30“ 


“ Read from the conductivity - mean temperatuie 
curve. 

Thickness 

4. The blanket insulation shall be 
furnished in thicknesses from | to 4 in, 
in increments of 4 in. No minus varia- 
tion in thickness shall be permitted. 

Special Requirements 

5. These specifications are intended 
to describe adequately the necessary 
characteristics for a satisfactory in- 
sulating material for general building 
purposes. However, under certain cir- 
cumstances, other properties, not cov- 
ered in these specifications, may be 
important, such as, adequate moisture- 
vapor resistance, resistance to compres- 
sion, resilience, odor, effect of liquid 
water, fire or flame resistance, dustiness, 
and handling stability. When consid- 
ered important, limitations on special 
properties desired shall be as agreed 
upon by the seller and the purchaser. 


U 74 EaiERGENCY Specifications for 
SampKag 

6. (a) Samples shall be taken from 
anbroken paclca.ges. 

(h) ApproximLitcK' 1 per cent of the 
number of blaukets or batts in a sMp- 
inent sliall be selected at random for 
purpose of tests, but in no case shall less 
than two or more than five samples be 
required. 

Methods of Testing 

7. TJie properties enumerated in these 
specifications siiail be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 


Elanjket Insula tiox (ES - 14) 

(a) Thickness . — Standani Alethods of 
Test for Thickness and Density of 
Blanket Type Thermal fnsulaiing Afaie-- 
rials (A.S.T.M. Designation: C 167).® 
ib) Density . — Standard .Melbiorls of 
Test for Thickness and Density of 
Blanket Type Thcrm.d Insulating Ala- 
terials (A.S.T.AI. JAcsignation: C 167,0® 
(V) Thermal Com! net i eity.— 'i'entative 
Method of Te.st for Tliennal Condiiciiv- 
ity of Materials by Alcans of the 
Guarded Hot Plate fA.S.T.Al. Desi.gna- 
tion: C 177).® 


5 .-\ppear3 in tliis publication, see Contents In Numeric 
Sequence of A.S.T.M. Besignatioiis at front of book. 
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P EMERGENCY. SPECIFICATIONS 

FOR 

BLANKET THERMAL INSULATION FOR INDUSTRIAL PURPOSES^ 
A.S.T.M. Designation: ES - 15 
Issued, August 24, 1942. 

Emergency Specifications are issued by the American Society forTestingMaterialsinac- 
cordance with a special procedure^ in the interest of expediting procurement or conserva- 
tion of materials during the period of National Emergency. They are intended for use 
where they may be considered by the purchaser of the material as suitable for the spe- 
cific application or use desired, or as a permissible alternate for existing specifications. 


Scope 

1. These specifications cover blanket 
insulating materials furnished in flexible 
or semirigid form and suitable for indus- 
trial purposes for application on fiat 
or curved surfaces where surface tem- 
peratures exceed 100 F. 

Materials and Manufacture 

2. The insulation shall consist of 
inorganic fibrous materials suitably 
felted, woven, stitched, bonded, or 
reinforced. 

Physical Properties 

3. (a) Thermal CondwMvUy . — The 
thermal conductivity of the material at 
an}” given mean temperature shall not 
exceed the maximum value reported by 
the manufacturer. 

(h) Density. —-The density shall not 
vary from the density value at which the 
conductivity was determined by more 
than, plus or minus 10 per cent. 

1 Under the standardization procedure of the Society, 
these Emergency Specilications are under the jurisdiction 
of the A.S.T.M. Committee C-16 on Thermal Insulating 
Materials. 

'^This special procedure is set forth in the 1944 
A.S.T.M. Year Book. 


(c) Service SfabUUy . — The thermal 
conductivity of the insulating material 
shall not be increased more than 5 per 
cent through service of the insulation 
at any temperature up to the maximum 
recommended by the manufacturer. 
Limitations on changes in other proper- 
ties, resulting from service at any tem- 
perature up to the maximum recom- 
mended by the manufacturer, shall be 
as agreed upon by the purchaser and the 
seller. 

Thickness 

4. The insulation shall be furnished 
in thicknesses from 1 to 6 in. in incre- 
ments of I in. Permissible variations 
in thickness shall not be more than plus 
or minus in. per inch of thickness. 

Sampling 

5. (fl) Samples shall be taken from 
unbroken packages. 

(6) Approximately 1 per cent of the 
number of blankets in a shipment shall be 
selected at random for purpose of tests, 
but in no case shall less than two or more 
than five samples be required. 
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Methods of Testing 

6. The properties enumerated in these 
sficcificalions shai! be determined in 
accordance with the following methods 
of the American Society for Testing 
hiaierials: 

('j ! Stv-iiidard Methods of 

Tesi: for Thickness and Density of 
Bkuikct I'ypc Thermal Insulating Mate- 
rials t'A.S.T.M. Designation; C 167).® 


(h) Densiiy. — Stan^liird hietlsods of 
Test for Thickness ancj Derisity sh' 
Blanket Type Thermal Insulating h!ate~ 
rials (A.S.T.M. Designation; C 167).® 
Cc) Thermal Conduclmly . — Ifentative 
Method of Te-.t for Thermal Condiic- 
thdtv of Materials b}' Aieans of the 
Guarded Hot Plate (A.S.'F.hi. Desig- 
nation: C 177).® 

® Appe.'irs in this publication, sec Contents in Numerk 
Sequence of A.S.T.M. DesignatioBs at I'roni. of Isook. 
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EMERGENCY SPECIFICATIONS 


BLANKET THERMAL INSULATION FOR REFRIGERATION PURPOSES^ 
A.S.T.M. Designation: ES - 16 
Issued, August 24, 1942. 

Emergency Specifications are issued by the American Society for TestingMateriais in ac- 
cordance with a special procedure* in the interest of expediting procurement or conserva- 
tion of materials during the period of National Emergency. They are intended for use 
where they may be considered by the purchaser of the material as suitable for the spe- 
cific application or use desired, or as a permissible alternate for existing specifications. 


Scope 

1. These specilications cover blanket 
thermal insulating materials furnished 
in flexible or semirigid form and suitable 
for refrigeration purposes for application 
on flat or curved surfaces. 

Materials and Manufacture 

2. (a) The insulation shall consist of 
clean fibrous material, organic or in- 
organic, suitably bonded or reinforced 
or both. 

(b) The material shall be effectively 
confined between sheets of strong durable 
paper or suitable textile, unless it is of 
.such a nature as obviously to make the 
use of confining members unnecessary. 
Wiien specified, the paper shall be water- 
proofed. 

Physical Properties 

3. The blanket insulation shall con- 
form to the following requirements as 
to physical properties: 

1 Under the standardization procedure of the Society, 

these Emergency Specifications are under the jurisdiction 
of the A.S.T.M. Committee C-16 on Thermal Insulating 
Materials.' , . ... . ■ 

2 This special procedure is set torth m the 1944. 
A.S.T.M. Year Book. 


Density, max., lb. per cu. ft 7 

Thermal conductivity, max., Btu. in. per 
sq. ft. per hr. per deg. Fahr., at 
mean temperature of 75 F 0.32® 


Thickness , 

4. The blanket insulation shall be 
furnished in thicknesses from | to 4 in. 
in increments of § in. No minus varia- 
tion in thickness shall be permitted. 

Special Requirements 

5. These specifications are intended to 
describe adequately the necessary char- 
acteristics for a satisfactory material for 
general refrigeration purposes. How- 
ever, under certain circumstances, other 
properties, not covered in these specifica- 
tions, may be important, such as, specific 
heat, odor, resistance to compression, 
resilience, dustinesS, content of non- 
fibrous particles, and resistance to dis- 
integration by water. When considered 
important, limitations on special proper- 
ties desired shall be as agreed upon by 
the seller and the purchaser. 


1177 


1178 Emergency vSpECincATioNS foe 

Sampling 

6. {(i'i Samples shall be taken from 
iiiibrokeii packages. 

1,77) Approx iraatcly 1 per cent of the 
nirmber of blankets in a shipment shall 
'be selected at random for purpose of 
tests, but in no case shall less than two 
or more thaii five sampdes be required. 

Methods of Testing 

7. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 


Blanket Insulation (ES - 1 6') 

(a) Thickness. — Sbs.ndard .Alclhoils cd 
Test for Thickness and Tcnsii}- of 
Blanket Type Thermal Insulating Mate- 
rials (A.S.T.M. Designation; (.’ 

(Jb) Dmri/y.— Standard Ivl'ctJuxis of 
Test for Thickness ruul 'Density of 
Blanket Type Thermal J.asi dating .ALiie- 
rials (A.S.T.M. Designation: C IcMj.” 

ic) Thermal Coniiiiclhity.- -'Fentative 
Method of Test iar 'J’bi.‘rmai Conduc- 
tivity of Materials bv Means of the 
Guarded Hot Plate (A.S.l'.M. Desig- 
nation: C 177).^ 


3 Appears in this puhlicalioii, r.ee Content'; In Numerii:: 
Sequence of Designation, at front ni" book. 



EMERGENCY SPECIFICATIONS 

FOR 

PREFORMED PIPE COVERING THERMAL INSULATION^ 
A.S.T.M. Designation: ES - 17 
IssTiED, Axtgtjst 24, 1942. 

Emergency Specifications are issued by the American Society for Testing Materials in ac- 
cordance with a special procedure^ in the interestof expediting procurement or conserva- 
tion of materials during the period of National Emergency. They are intended for use 
where they may be considered by the purchaser of the material as suitable for the spe- 
cific application or use desired, or as a permissible alternate for existing specifications. 


Scope 

1. These specifications cover pre- 
formed (molded or laminated) thermal 
insulation in the form of semicylindrical 
pipe covering sections intended for use 
as an insulation on surfaces at specified 
temperatures. 

Note. — ^T hese specifications do not include 
materials ordinarily used in the refrigerating 
temperature range. 

Basis of Purchase 

2. Orders for material under these 
specifications shall include the following 
information: 

(f) Temperature range for which 
pipe covering is to be used, 

(2) Pipe size, 

(J) Thickness of insulation, 

(4) Jacketing or banding desired, 
or both. 

Materials and Manufacture ■ 

3. (a) Diatomaceoiis Silica pipe in- 
sulating material shall be composed pre- 

1 Un<ier rlie standardization procedure of the. Society, 
these Emersency Specifications are under the jurisdiction 
of the A.S.T.M, Committee C-16 on Thermal Insulating 
Materials. . , 

- This special procedure is set forth m the 1944 
A.S.T.M. Year Book. 


dominantly of diatomaceous silica and 
long-fiber asbestos and may contain 
minor proportions of basic magnesium 
carbonate, calcium carbonate, clay, or 
other suitable heat-resistant mineral 
fillers and binders. 

(b) 85 per cent M agnesia pipe insulat- 
ing material shall be composed of a 
minimum of 85 per cent, by weight, of 
basic hydrated magnesium carbonate 
and a minimum of 10 per cent of long- 
fiber asbestos. 

(e) Laminated, and Laminated and 
Indented pipe insulating material sliali 
be composed of layers of organic or 
inorganic sheets that have been formed 
into semicylindrical sectional pipe cover- 
ing form by winding on a mandrel to the 
desired number of laminations or layers, 
held in position by suitable binders 
that, when combined in this insulation, 
are satisfactory up to the temperatures 
for which the pipe covering is recom- 
mended, as shown in Table I. Certain 
insulating particles or indentations of the 
sheet may be included in order to sepa- 
rate the laminations. 

{d) Corrugated pipe insulating mate- 
rial shall be composed of layers oi in- 
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organic corrugated sheets that have been 
formed into semicylindrical pipe cover- 
ing sections by winding on a mandrel to 
the desired number of layers, held in 
position by suitable binders that, when 
combined in this insulation, are satis- 
factory up to the temperature for which 
the pipe covering is recommended, as 
shown in Table 1. 

(e) Fibrous pipe insulating materials 
shall be composed predominantly of 
fibrous asbestos or mineral wool and 
may contain minor proportions of suit- 
able organic or inorganic fillers and 


be composed predominantly of granu- 
lated cork and its natural resins. 

Physical Properties 

4. The preformed pipe covering shall 
conform to the requirements as to phys- 
ical properties prescribed in Table I, 

Sampling 

5. For purpose of tests, pipe sections 
that are representative of the cominerdal 
product shall be selected by the repre- 
sentative of the purchaser. The point 
of selection shall be designated at llie 
•time of placing the order. The pipe 


TABLE I.-PHYSIGAL REQUIREMENTS.® 




Den- 


Thermal 


Temperature 

sity. 


Conductivity, 

Material 

Range, deg. 

max., 

Linear Heat Shrinkage 

Btu. in per 


Fahr. 

lb. per 


sq. ft. per hr,. 



cu. ft. 


per deg. Fahr.® 

Diatomsceous silica (molded) 

! fmo to 100(1 

30 

5 per cent, after 24 hr. at 1900 F.j 

1.10 at 1000 F. 


\ 600 to 1200 

30 

5 per cent after 24 hr. at 1900 F.j 

0.80 at SOOF, 



17 



Laminated and laminated and indented : 





Inorganic 

212 to 600 

43 


0.60 at 300 F. 

Organic 

33 to 212 

40 


O.SOat 100 B'. 

Corrugated 






Inorganic 

212 to 600 

25 


0.70 at 200 F. 

Fibrous (molded) 

(600 to 1200 

30 

5 per cent after 24 hr. at 1200 F. 

O.SOat .300 F. 


1212 to 600 ; 

22 

2 per cent after 24 hr. at 600 F, 

0.60 at 300 F. 


(600 to 1200 

20 

.S per cent after 24 hr. at 1200 F. 

0.90 at SOOF. 

Vermiculite 

(212 to 000 

20 

3 per cent after 24 hr. at 600 F. 

1 0.80 .at 300 F. 


i 33 to 212 

20 

none after 24 hr. at 121 F. 

1 O.SS at 100 F. 

Cork 

33 to 212 

12 


{ 0.30 at 90 F. 


“ The values given in this table are approximate only and do not necessarily represent any one manufacturer’s product, 
^ Read from the conductivity - mean temperature curve. 


binders that, wlien combined in this 
insulation, are satisfactory up to the 
temperature for which tlie pipe covering 
is recommended, as shown in Table I. 

(/) Vermiailite pipe insulating mate- 
rial shall be composed predominantly of 
expanded or exfoliated mica and long- 
fiber asbestos and may contain minor 
proportions of suitable organic or in- 
organic fillers and binders that, Tyhen 
combined with this insulation, are satis- 
factory up to the temperatures for which 
the pipe covering is recommended, as 
shown in Table I. 

(g) Cork pipe insulating materi|il shall 


sections shall be systematically ob- 
tained, selecting a number of pipe 
sections equal to one fifth the cube root 
of the total nunber of pipe sections in 
the shipment, but not less tlian four 
pipe sections, and in any event a suffi- 
cient number to cover all the required 
tests. 

Methods of Testing 

6. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods of 
test:: ■ 
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(a) Densily , — Four full-size, pipe sec- 
tions shall each be weighed and measured 
after drying at 225 ± 25 F. in a vented 
oven for not less than 16 hr. If the 
material is one that may be chemically, 
or physically affected by heating to 
225 ±: 25 F,, the samples shall be dried 
in a desiccator at 120 to 140 F. Inside 
diameter, outside diameter, and length 
shall be measured to the nearest -h in. 
with a steel rule, at least four measure- 
ments of each dimension being taken. 
Thickness shall be taken as the average 
outside diameter minus the average 
inside diameter, divided by two. The 
volume and density of each specimen 
shall be calculated from the dimensions 
and weights above determined. The 


average density value for the four speci- 
mens shall be reported. 

(&) Thermal ConducihUy . — ^Tentative 
Method of Test for Thermal Conductiv- 
ity of Materials by Means of the 
Guarded Hot Plate (A.S.T.M. Designa- 
tion: C 177),® except that the test spec- 
imen shall be a flat block of material of 
the same quality and density as the pipe 
covering section in question. When flat 
block material of the same quality and 
density is not available, the method of 
testing shall be agreed upon by the man- 
ufacturer and the purchaser. Thermal 
conductivity values shall be stated by 
the manufacturer for each material. 


3 Appears in tliis publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 



EMERGENCY SPECIFICATIONS 

FOR 

PREFORMED BLOCK THERMAL INSULATION^ 

A.S.T,M. Designation: ES - 18 
Issued, August 24, 1942. 

Emergency Specifications are issued by the American Society for TestingMateriais in aC" 
cordance with a special procedure® in the interest of expediting procurement or conserva- 
tion of materials during the period of National Emergency. They are intended for use 
where they may be considered by the purchaser of the material as suitable for the spe- 
cific application or use desired, or as a permissible alternate for existing specifications. 


Scope 

1. (a) These specifi,cations cover pre- 
formed thermal insulating block as 
defined in the Standard Delinitions of 
Terms Relating to Thermal Insulating 
Materials (A.S.T.M. Designation: C 168) 
of the American Society for Testing 
Materials,® namely, “A rigid or semirigid 
thermal insulating material, either flat 
or segmental, for application as received, 
and excluding brick of the 9-in. series.” 
Three classes of block are covered, as 
follows: 

Class .4 . — Compressive strength less 
than 5 psi. 

Class B . — Compressive strength of 
5 to 20 psi. 

Class C . — Compressive strength 

greater than 20 psi. 

Ih) When block are required having 
physical strength or heat resistance 
different from those prescribed by these 
specifications, the purchaser should spec- 
ify the desired minimum values. 

1 Under the standardization procedure of the Society, 
these ErnerKcncy Specifications are under the jurisdiction 
of the A.S.T.M. Committee C-16 on Thermal Insulating 
Materials. 

- This special procedure is set forth in the 1944 A.S. 
T.Sf. Year Book. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 


Sampling 

2. For purpose of tests, block that are 
representative of the commercial product 
shall be selected by the represen ta, live of 
the purchaser, the place or places of 
selection to be designated when tlie 
purchase order is placed. 'Die block 
shall be .systematiailly obtained, select- 
ing a number of block ec|ual to the fourth 
root of the total number of block in the 
shipment, but in any event not less than 
seven block. When thermal conductiv- 
ity tests are not required by the pur- 
chaser, not less than four block shall be 
selected. 

Density 

3. ia) All of the sam|)lcs selected shall 
be weighed before anti after drying at 
225 ± 25 F. in a vented oven tor iKM; 
less than 16 hr. and shall !)c tested 
promptly after removal from the oven. 
If the material is one that may Ijc cliem- 
ically or physically affected by heating 
at 200 to 250 F., the sam])les shall be 
dried in a desiccator at .120 Xo 140,P\ 

{b) After drying in the oven, the 
samples shall be .measured for length, 
width, and thickness to within an ac- 
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ciirac}' of plus or minus 1 per cent. The 
volume of each sample and its density 
shall be calculated from the dimensions 
and weights after drying. The. density 
value reported shall be the average of all 
values obtained. 

(c) From all the test samples selected, 
in accordance with Section 2, the three 
samples selected for thermal conductiv- 
ity tests, when specifically requested 
by the purchaser, shall be one each of 
high, average, and low density. 

(d) The four samples selected for 
■flexural, compressive, and heat-resistance 
tests shall be one each of high and low 
density and two of average density. 

Flexural Strength 

4. The flexural strength of the insulat- 
ing block, when determined in accord- 
ance with the Tentative Methods of 
Test for Compressive Strength and 
Flexural Strength of Preformed Block 
Type Thermal Insulating Materials (A.S. 
T.M. Designation: C 165) of the Ameri- 
can Society for Testing Materials,® 
shall be not less than that calculated as 
follows: 


where: 

— Flexural strength in pounds per 
square inch, 

p = Average density in pounds jier 
cubic foot, 

I Length of test specimen in 
inches, and 

d = Thickness of test specimen in 
inches. 

Compressive Strength 

5. The compressive strength of the 
insulating block, when determined in 
accordance with Tentative Methods 
C 165,® shall conform to the following 
rec|iiirements: 


Compressive 
Strength, psi. 

Class A under 5 

Class B.... 5 to 20 

Class C over 20 

Heat Resistance 

- 6. The requirements for heat resist- 
ance shall apply only to block insulation 
used at temperatures higlier than that 
of the normal atmosphere. The upper 
useful temperature for which a material 
is recommended to the purchaser shall 
conform to the following requirements: 

The change in length and width of the 
test specimen after subjecting it to soak- 
ing heat at the recommended useful 
temperature for 24 hr. sliall not be 
greater than 3 per cent. The test 
specimens shall be not less than 1-| by 
3 by 6 in. The average value obtained 
from four specimens shall be reported. 
Compressive strength of test specimens 
after subjecting them to a soaking heat 
for 24 hr. at the maximum recommended 
useful temperature shall be not less than 
75 per cent of the strength as determined 
at room temperature for class A and 
class B block and not less than 15 psi. 
for class C block. The specimens used 
for compressive strength tests at room 
temperature shall be cut from the same 
samples as are those subjected to soaking 
heat. Four specimens from each sample 
shall be tested at room temperature and 
four at the recommended useful tempera- 
ture and the average value obtained 
from each group of four specimens shall 
be reported. 

Thermal Conductivity 

7. Thermal conductivity tests shall 
be made only when specifically requested 
by the purchaser. When specified, they 
shall be made at the mean temperatures 
agreed upon by the seller and the pur- 
chaser in accordance with the Tentative 
Method of Test for Thermal Conductiv- 



1184 Emergency Specifications for Insulating Block (ES - 18) 


ity of Materials by Means of the 
Guarded Hot Plate (A.S.T.M. Designa- 
tion: C 177) of the American Society for 
Testing Materials The highest ther- 
mal conductivity of the samples shall 
deviate from the average curve supplied 
b}- the manufacturer or seller not more 
than the maximum deviation reported 
with the average curve. 

Permissible Yariations in Dimensions 

8. (a) The insulating block shall be 
true to form and dimensions, the corners 
square, and the sides and ends parallel. 
Permissible variations in dimensions 
shall be as follows : 


Dimension 

Permissible 
Variation?,, in 

Thickness. 

±i 

Width 


Length 

-± 


{b) For insulating block tliat are to 
be used on surfaces where the tccnpera- 
ture is below the surroimding air tem- 
perature, permissible variations in 
dimensions shall be as follows: 

Pennissible 


Dimension 

Variation 

Thickness 


Width 


Length 

± 


Damage Tolerance 

9. The number of broken or damaged 
blocks shall not exceed 5 per cent of any 
one shipment. 



EMERGENCY SPECIFICATIONS 

FOR 

STRDCXnML INSULATING BOARD (THERMAL INSULATION)i 

A.S.T.M. Designation: ES ~ 19 
Issued, AxJGnsT 24, 1942, 

Emergency Specifications are issued by the American Society for Testing Materials in ac- 
cordance with a special procedure^ in the interest of expediting procurementor conserva- 
tion of materials during the period of National Emergency. They are intended for use 
where they may be considered by the purchaser of the material as suitable for the spe- 
cific application or use desired, or as a permissible alternate for existing specifications. 


Scope 

1. These specifications cover thermal 
insulating material made principal^ of 
vegetable fiber, in the form of insulating 
board suitable for structural purposes. 
Five classes of insulating board are 
covered, classified according to use as 
follows: 

Class A .—Boards for uses other than 
for classes B, C, D, and E. 

Class B , — ^Lath (for plaster base). 

Class C . — Roof board. 

Class D.— Interior boards (factory 
finished) . 

Class E.— Sheathing. 

Definition 

2. A board insulation is a preformed, 
rigid, fibrous material used principally 
in luiilding construction and having the 
follow ing properties : 

(i) A thermal conductivity k of not 
more than 0.50 Btu. in. per sq. ft. per 
hr. per deg. Fahr., 


J Under the standardization procedure of the ^Society, 
these Emersency Specifications are under the jurisdiction 
of the A.S.T.M, Committee C-16 on Thermal Insulating 
Materials. ■ , . ■ , 

This special procedure is .set forth in the 1944 
A.S.T.M. Year Book. 


(2) A thermal resistance of not less 
than 1.0 deg. Fahr. per .Btu, per hr., and 
(J) A minimum load at rupture of 
7 1b. 

Physical Properties 

3. The board insulation shall conform 
to the requirements as to physical prop- 
erties prescribed in Table 1. 

Dimensions 

4. The board insulation shall conform 
to the requirements for dimensions 
prescribed in Table II. 

Permissible Variations in Dimensions 

5. The following variations in dimen- 
sions of the hoard insulation are per- 
missible: 

Permissible Variations, in. 


Dimension Plus Minus 

Length none J 

Width. none | 

Thickness .............. is 


Edge Finish 

6. Edge finish shall be as follows: 
Class A . — Edges shall be square. 
Class B. — Edges shall be either ship- 
lapped, beveled and shiplapped, tongue 
and grooved, beveled and tongue and 
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grooved, Y-joirited, or shiplapped and Samplmg 

grooved. 8. Samples shall be taken at random 

Class C. — Edges shall be square un- so as to give a fair representation, of 

less shiplapped or ofifset are specified, the entire shipment. Pieces from five 

When oSset boards li in. and over in boards of any carload, or 0.5 per cent of 

thickness are specified, the offset shall the number of pieces in less than carload 

be one half the thickness of the board, shipments but not less than tlirce boards 
Class D. — Edges shall be either square, of any shipment, or not less than siifii- 

sliiplapped, V-jointed, or shiplapped cient area to meet test requirements, 

and grooved. shall constitute the sample. From each 

Class E . — Edges shall be either square, board of the sample a specimen 24 by 30 

shiplapped, beveled and shiplapped, in. shall be cut, the longer dimension of 

TABLE I.— PHYSICAL REQUIREMENTS. 

Clas.s A Class B Class C Class D Class E 

Thermal conductivity, max., Btu. in. per sq. ft. per hr. per cleg. 

Fahr 0.50 0.38 0.3S 0.38 0.40 

Load at rupture, min., lb,® i 12 12 7 10 14 

Deflection under specified minimum load at rupture, nia-x., in ■ 0.85 0.85 1.23 I.OO 0.75 

Tensile strength, mill., psi," j 175 175 100 150 l.iO 

Water absorption, mas., per cent by volume | 7 7 10 10 7 

Linear, expansion, max., per cent j 0.5 O.S 0.3 0.5 O.S 

“ The requirement is based on specimens J In._ in tliickness. I’or specimens of other thicknesses, the requirement shall 
be increased in direct proportion, that is, for a tluckness of 1 in. it shall be doubled, etc. 

Tensile strengtli requirements shall be applicaide only on thicknesses up to and including I in. 


TABLE IL-~REQUIREMENT3 FOR DIMENSIONS, 



Widths 

Lengths 

Thicknesses 

Class A 

4 ft. 

6, 7, 8, 9, 10. and 32 ft. 

h fl> and multiples of in. 

Class B 

16, 18, and 24 in. 

48 in. 

multiples of f in. 

Class C 

1 24 in. 

47 in.i 

48 in./ 

multiples of i in. 

Class D; 

Panels 

i f 8 in. , 

1 bain. 

1 8 in. 1 

! 12 and 24 ill.;- ! 

1, 1, and 1 in. 


(loin. 

1 16 and 32 in.! 1 


Planks ■ 

S, 10, 12, and 16 in. 

! 0,8. 10, and 12' ft. 

i, i, and 1 in. 

Class E ! 

f4 ft. 

! 8, 8i 9. VJ, 10, or 12 ft. 1 

I and -fl in. 

\2 ft. 

i 8 ft. 

, ■ If in. 


tongue and grooved, jointed, or ship- 
lapped and grof.)ved. 

Surface F.inisli 

7. .h'or plaster l.)ase, roof boards, and 
similar applications, surfaces shall be 
natural and shall be free of cracks, 
kim}).s, excessive departure from plane- 
ness, or other defects. For interior 
finish, partitions, and similar applica- 
tions where the board is exposed, sur- 
faces shall be finished and may . be 
textured or smooth and reasonably free 
of coarse and liairy fibers. , 


the spechnen ])eing crosswise of lire 
longer rlimension of the board us it Is 
usually supplied. Where the short di- 
mension of the boards making up the 
sample is less than 30 in,, the specimen 
shall be cut to 30 in. in lengtli by the 
short dimension; and vchere tire over-ail 
siEe of the board making up the sam[.)le 
is 24 by 48 in,, or less, sufficient full- 
size pieces to satisfy test requirements 
shall be the specimen. Where a ship- 
ment consists of more than one car or 
carrier load, a sample shall he selected 
from each car or carrier. 
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Methods of Testing 

9. The properties enumerated in these 
specilications shall be determined in 
accordance with the following methods 
of test: 

(a) Thermal Conductivity. — ^Tentative 
Method of Test for Thermal Conductiv- 
ity of Materials by Means of the 
Guarded Hot Plate (A.S.T.M, Designa- 
tion: C 177) of the American Society for 
Testing Materials,® 

(5) Load at Rupture.^ — A specimen 3 
in. in width and 18 in. in length shall be 
taken for test. The transverse breaking 
load shall be determined by placing the 
specimen on horizontal parallel supports 
12 in. apart and applying the load at 
midspan on a bearing parallel to the end 
supports, so that the head of the testing 
machine through which the load is ap- 
plied moves at the rate of 2 in. per min. 
until the specimen breaks. The bearing 
and supports shall be rounded to a 
radius of approximately | in. to prevent 
injury to the specimen. Three speci- 
mens from the long direction of the 
board and three at right angles thereto 
shall be tested. The transverse break- 
ing load in each direction is the average 
of tliree specimens taken from that 
direction. 

Note. — See Miscellaneous Publication No. 
132,, National 33ureau of Standards, Issued De- 
cembvr 1, 1931. 

(c) Deflection- at Rapture.^ — Maximum 
dellection shall be determined on speci- 
inens tested in accordance with Para- 
gra]-)li (Z>), at the time the specimen is 
lunier the specified minimum transverse 
load, as given in Table I. 

Aiipears in this publication, see Contents in Nutneric 
Se iufiLt; of A.S.T.M. Designations at front of book. 

This test for load at rupture is substantially identical 
with Taragraph F~2c of the Federal Specification for Fiber- 
boanl; Insulating {LLL-F-321b),_ e.-rcept that deflection 
shall be at the rate of 2,0 in. per min. 

® This test for deflection at rupture is substantially 
identical with Paragraph F-2d of the Federal Specification 
for Fibeeboard; Insulating (LLL-F-321b), except that only 
deflection at the time the specimen is under the specified 
minimum transverse load, as given in Table I, is deters 
mined and deflection shall be at the rate of 2,0 in, per min. 


(d) Tensile Strength.^ — From each 
sample, specimens 2 in. in width and 
not less than 10 in. in length shall be 
cleanly cut parallel to the longest direc- 
tion of the board and at right angles 
thereto. The distance between clamps 
shall be not less than 6 in. Results on 
specimens under test that break within 
t in, of the jaws shall be disregarded. 
The machine speed shall be set for the 
openings between the clamps at the rate 
of 2 in. per min. The specimens before 
being placed in the testing machine shall 
be measured for width and thickness to 
the nearest 0.01 in. The tensile strength 
shall be taken as the average of three 
specimens from each direction of the 
board. 

{e) Water Absorption. — A 12-in. 
square spechnen shall be dried at 160 F. 
for 24 hr. and cooled to room tempera- 
ture in a dry atmosphere. The thick- 
ness of the sample shall be measured 
and the volume calculated therefrom. 
The sample shall then be carefully 
weighed and submerged horizontally 
under 1 in. of distilled water maintained 
at a temperature of 70 ± 5 F. After 
submersion for 2 lir., the sample shall be 
stood on end to drain for 10 min., at the 
end of which time the excess surface 
water shall be removed by hand with a 
blotting paper or paper towel and the 
sample immediately weighed, the volume 
of absorbee.! water calculated, and the 
water absorption expressed in per- 
centage by volume based on. the initial 
volume. 

(/) Linear Expansion.^ — The maxi- 
mum linear expansion shall be deter- 
mined from a specimen 3 by 12 in. tliat 
has been cut parallel with the long 

« This test for tensile strength is substantially identical 
with Paragraph F-2e of the Federal Specification for Fiber- 
board; Insulating (LLL-F-321b). 

. T This test for water absorption is substantially identi- 
cal with Paragraph F-2f of the Federal Specification for 
Fifaerboard; Insulating (LLL-F-32ib), except that all edgc.s 
of specimens shall be freshly cut. 

*This test for linear expansion is substantially identi- 
cal with Paragraph F-2h of the Federal Specification for 
Fiberbosfd; Insulating (LLL-F-321b). 
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direction of tlie board and from a like 
specimen cut at right angles thereto. 
At eacli of two points approximately 10 
in. apart on the center line of each speci- 
men a small area shall be coated by 
rubbing with a glass marking pencil (or a 
wax crayon). A fine cross mark shall 
be made with a razor blade on the center 
line in each of these two areas as refer- 
ence points for the length measurements. 
The specimens then shall be conditioned 
for 24 hr. in an atmosphere at 50 per cent 
relative humidity and measurements 
made of the distance betw'een the two 
reference points. A scale graduated in 
hundredths of an inch shall be used and 
readings made with a magnifying lens 
to the nearest 0.005 in. The specimens 
next shall be conditioned for 24 hr. at 
97 per cent relative humidity, after 
which the distance between the two 
reference points shall be again measured. 
The measurements shall be made in the 
conditioned air specified in each case, 
or as quickly as possible after each speci- 
men is removed therefrom. The linear 
expansion shall be reported as the in- 
crease in the length between reference 
marks as a percentage of the length at 
50 per cent relative humidity. (In the 


absence of other facilities, a convenient 
means of conditioning the specimens at 
the specified humidity conditions is to 
expose them in an enclosed space im- 
mediately above saturated solutions of 
suitable salts; sodium dicbromate 
(Na 3 Cr 207 - 2 H 20 ) for 50 per cent rela- 
tive humidity, and potassium suKate 
(K2SO4) for 97 per ' cent relative 
humidity. 

Inspection 

10. Inspection may be made eitlier 
at the point of shipment or at the point 
of delivery. The inspector representing 
the purchaser shall have free access to the 
carrier being loaded for shipment to the 
purchaser. He shall be afforded all 
reasonable facilities for inspection and 
sampling, which shall be so conducted 
as not to interfere unnecessarily with 
the loading of the carriers. 

Rejection 

11. Any rejection shall be based upon 
the specific failure to conform to these 
specifications and shall be reported to 
the seller within ten working days from 
the receipt of the shipment by the 
purchaser. 
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EMERGENCY METHOD OF TEST 


' FOR 

CHANGES IN PROTECTIVE PROPERTIES OF ORGANIC COATINGS ON 
STEEL SURFACES WHEN SUBJECTED TO IMMERSION^^ 


A.S.T.M. Designation: ES - 35 


Issued, January 31, 1944. 

Emergency Methods are issued by the American Society for Testing Materials in accord- 
ance with a special procedure^ in the interest of expediting procurement or conserva- 
tion of materials during the period of National Emergency. They are intended for use 
where they may be considered by the purchaser of the materials as suitable for the 
specific application or use desired, or as a permissible alternate for existing methods. 


Scope 

1. This method of test is intended for 
use in determining the resistance to 
failure of organic coatings when im- 
mersed in specified test liquids. It may- 
be used on coated steel panels and on 
coated steel manufactured articles. 

Apparatus 

2. The apparatus shall consist of the 
following; 

(a) Container. — A suitable container 
made of corrosion-proof material, such, 
as glass, earthenware, porcelain-coated 
metal, or similar material. It shall be 
sufficiently large to accommodate the 
test panels or specimens at a spacing of 
not less than | in. between adjacent 
panels or specim.ens. Provision shall be 
made for maintaining the temperature 
within the range specified. 

{b) Test Liquid . — The test liquid used 
in the container, whether aqueous or 

t Under the standardization procedure of the Society, 
this Xilmergency Method is under the jurisdiction of the 
.\.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

^This special procedure is set forth in the 1944 A.S-T.M. 
Year Book. ■ 


nonaqueous, shall be as agreed upon by 
the purchaser and the seller. Tap water 
may be used but, because of its variable 
composition, the use of distilled water is 
preferred. 

Test Specimens 

3. The test specimens may be either 
coated steel panels or samples of the 
coated product. Test panels shall be 
prepared from new cold-rolled steel 
(No. 20 to No. 22 gage) that has been 
oiled at the mill and is free from rust. 
The steel shall conform to the Standard 
Specifications for Cold-Roiled Strip Steel 
(A.S.T.M. Designation: A 109),3 and 
sJiall have a No. 5 dead soft temper and 
a No. 1 or dull finish.'^ The panels shall 
be not less than 2|- by Sf in. in area and 
all edges and corners shall be smooth 
and uniformly rounded. 

Preparation of Specimens 

4. (a) Coated Products . — ^When coated 
products are used for test specimens the 

*1944 Book of A,S.T.M, Standards, Part I. 

■•This finish is also known as No. 60 Pangboni finish; 
see “Steel Products Manual,” Section 13 on Cold-Rolled 
Carbon Steel Strip, Am. Iron and Steel Inst., July, 1942. 
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preparation shall be that used in pro- 
duction. 

(b) New Test Panels . — Test panels not 
previously used shall be prepared for 
painting by one of the two following 
procedures or B (Note 1) : 

(i) Procedure A, Cleaning . — ^The test 
panels shall be cleaned without sanding 
or abrasion of the surface by the use of 
suitable grease-removing solvents (toluol, 
light naphtha, or trichlorethylene t3rpe 
vapors) so that the surface shows "no 
water break when immersed in distilled 
\vater. The panels shall then be im- 
mersed in alcohol (ethyl, isopropyl, or 
suitable denatured alcohol), removed, 
and allowed to dry at a temperature be- 
tween 125 and 200 F. The panels shall 
then be cooled to room temperature in a. 
desiccator and coated, or tliey ma}' be 
stored in a desiccator until ready for 
finishing. 

{2) Procedure B, Pretreatment . — The 
test panels shall be cleaned without 
sanding or abrasion of the surface by 
the use of suitable grease-removing 
solvents (toluol, light naphtha, or tri- 
chlorethylene type vapors) so that the 
surface shows no water break when im- 
mersed in distilled water. The panels 
shall then be subjected to a phosphate 
solution until a uniform phosphate coat- 
ing is obtained. The conditions of the 
phosphate treatment shall be agreed 
upon by the purchaser and the seller 
(Note 2), The panels shall then be 
coated, or they may be stored in a des- 
iccator until read}?- for finishing. 

XoxK 1 . — When used or rusty panels free 
from paint (rust jjitted or scarred panels shall 
be discarded) arc to be reconditioned, all rust or 
corrosion spots shall be removed by sanding 
Avilh No. 240 sandpaper or equal grade emery 
cloth. The panels shall then be lightly buffed 
(using steel wool and lacquer thinner), rinsed 
with lacquer thinner or light naphtha (using a 
soft bristle brush) and Aviped dry Avith a dean 
rag. The panels shall then be degreased in tri- 
chlorethylene or tetrachlorethylene (perchlor- 


ethylene) vapor for .a rain. When a vapor 
cleaning machine is not available, a cold dip in 
chlorethylene solvent or cai'bon letrachlorhle 
may be used. In this case, the solvent shall be 
changed frequently, and the ])ane!s shall be 
rinsed with fresh solvent. H not coated imme- 
diately, provision shall he made for storage of 
the panels under conditions that will j-.revcni 
corrosion. 

Note 2. — ^When jihosphate-treated ].ianels 
are required, the panels /fireAfuusly cleaned as 
described in Note 1) shall be immersed for 1 min. 
at room temperature in phosphate cleaner of 
the folloAving composition; 

.Syrujy pihosphoric acid (S5 p(:r cent).. . . .5 mi. 


Penetrant'’ 1 mi. 

Water. ...... .to bring the volume to 1000 ml. 


The panels shall then be drained for a fcAv sec- 
onds in a vertical pjosition and dried at 250 F. for 
.5 min. after which they may be coated or stored 
under conditions that Avil! not cause corrosion. 

Coating of Specimens 

5. The organic coating shall be ap|)lied 
at a specified film thickness or him 
thickness range by the specified method, 
such as brush, spray, dip coat,- flow-out, 
or other method. The film thickness 
shall be measured by the usual methods. 
Vldien panels are used, the backs and 
edges of the panels shall be completely 
protected, each with its individual or- 
ganic test coating (Note). Tlie drying 
time and conditions, or baking schedule 
prior to immersion, .shall be as prescribed 
in the specifications. 

Note. — The relative merits of immersion 
tests with fully coated panels versus panels with 
the test coating on one side only and the other 
side uncoated is a subject still under discussion. 
There is evidence that breaks which devek»]j in 
the coating or bare areas on one side of a panel 
intluencc the degree of blistering on the f-lher 
side. While the reproducibility of immersion 
tests made with panels coated on orre side only 
appears satisfactory, the relative significance of 
the results cnmirared Avith articles of inamifac- 
ture that are completely coated is still subject 
to question and for this reason coating Avith the 
test paint on all sides and edges is preferred. 
Unless edge failure is of specific interest, the 

•'Tergitol penetraui No. or equivalent is satisiao 
tory for this purpose. 
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edges sliould be given additional protection in 
the form of extra coats of paint, or, if a cold 
water immersion test is to be made, paraffin may- 
be used. 

Procedure 

6. (fl.) Immersion.~Mttx being dried 
for the specified length of time-, the 
specimens shall be partially immersed 
in the test liquid, which shall be main- 
tained at a temperature of 25 ± 2 C. 
or other mutually agreed upon temper- 
ature. Panels having uniform film thick- 
ness shall be immersed one-half to two- 
thirds of their length but panels having 
gi'aduated film tliickness, such as flow- 
outs, shall be immersed one-half of their 
width. The panels shall be so arranged 
that no electrical contact will be ob- 
tained between them. A space of not 
less than in. shall be left between 
adjacent panels. The test liquid shall 
be changed at least ever}' 72 hr. to avoid 
contamination, or more often if visible 
rust appears in the liquid. Reference 
panels coated with a control paint shall 
be used in order to correlate successive 
tests with each other. 

{b) Examinaiion of Panels . — ^When the 
specimens are ready for examination, 
they shall be dried by blowing with air 
or by other specified methods that will 
remove surface liquid only. Examina- 
tion shall be made for blistering and 
wrinkling within 5 min. after removal 
from the liquid, and ratings for other 
' defects shall follow immediately (Note 1). 
Wiien ratings for the degree of recovery 
from immersion effects are specified, the 
specimens shall be allowed to stand at 
room temperature, or other prescribed 
condition, and re-examined after 2 hr. 


and after 24 hr., or as specified. If re- 
immersion is necessary, the specimens 
shall be allowed to remain out of the 
liquid for the same period of time 
whidi, imless otherwise speciiied, shall 
not exceed hr. Comparison shall 
be made between the immersed por- 
tion and that which remained com- 
pletely out of the test liquid. Gradings 
shall be made on both the fronts and 
backs of the panels and the results 
averaged. Unless otherwise specified, 
failure within | in. of the edges shall be 
disregarded. The test coating shall be 
examined for the effects of failures specifi- 
cally agreed upon by the purchaser and 
the seller (Note 2). Rating for blistering 
shall be made in accordance with the 
Tentative Method for Evaluating the 
Degree of Resistance to Blistering of 
Organic Coatings on Metal When Sub- 
jected to Immersion or Other Tests In- 
volving Exposure to Moisture or Liquids 
(A.S.T.M. Designation: D 714).6 
ings for other failures shall be made 
by methods mutually agreed upon, or 
by available A.S.T.M. methods. 

Note 1. — When a large series of specimens 
is to be examined, groups that can be handled 
within the prescribed period of time should be 
removed in relays. 

Note 2. — Blistering, wrinkling or roughening, 
disintegration, loss of adhesion, changes in 
color, or other specific failures, are usually 
included in such examination. 

(c) Length of Test . — The test shall be 
continued for a specified period of time 
or until a specified degree of failure lias 
occurred. 


6 Appears in this publication, see Contents in Numeiic 
Sequence of A.S.T.M. Designations at front of book. 



EMERGENCY ALTERNATE PROVISION 

IN 

STANDARD METHODS OF TESTING BITUMINOUS MASTICS, 
GROUTS, AND LIKE MIXTURES 
(D 147-41)1 

IssiTED, August 30 , 1943 . 

TMs Emergency Alternate Provision is issued by the American Society for Test- 
ing Materials in accordance with a special procedure^ in the interest of expediting 
procurement or conservation of materials during the period of National Emergency. 
It is intended for use where it may he considered by the purchaser of the 
material as a permissible alternate for the specific application or use desired. 


The following Emergency Alternate Provision, when specified, may be used as 
an alternate in A.S.T.M. Standard Methods of Testing Bituminous Mastics, Grouts, 
and Like Mixtures (D 147 - 41) and affects only the requirements referred to; 

Section 3 (a).— To provide for the use of an alternative extraction 
apparatus made of tinned copper and having a glass condenser as 
shown in the accompanying Fig. la, change this section to read as 
follows by the addition of the italicized words and figures: 

(OVER) 


1 This Kmergeiicy Alternate i’tovisiou applies to the standard appearing on p. 691 and for convenience may be cut 
out ami attaclied to the standard. 

» TJiis special procedure is set forth in tlie 19'14 A.S.T.M. Year Book. 
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3. (d) For Analysis of 10 to v30-g. Samples.— In cases where a 10 to 30-g. sample 
is sufLicient, the analysis shall be carried out by means of the glass extractor, shown 
in Fig. 1 or the accompanying Fig. la. 
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EMEIGENCY ALTERNATE PROVISION 


IN 

TENTATIVlf SPECIFICATIONS FOR ASPHALT ROOFING SURFACED WITH 
POWDERED TALC OR MICA 
(D 224 - 44 Tf 
Issued, August 28 , 1944 . 

(Superseding Issues of May 11 , 1942 and August 30 , 1943 .) 

This Emergency Alternate Provision is issued by the American Society for Test- 
ing Materials in accordance with a special procedure* in the interest of expediting 
procurement or conservation of materials during the period of National Emergency. 

It is intended for use where it may be considered by the purchaser of the 
material as a permissible alternate for the specific application or use desired. 




The following Emergency Alternate Provision, when specified, may be used as an 
alternate in A.S.T.M, Tentative Specifications for Asphalt Roofing Surfaced with 
Powdered Talc or Mica (D 224 - 44 T) and affects only the requirements referred to: 

Section 12 Omit the requirements for protective coating on 
nails prescribed in item (2) of this section. 


J Tins Emergency Alternate Provision applies to the standard appearing on 


and attached to the standard 
* This special procedure is set forth in the 1944 A.S.T.M. Year Book. 


p. 1427 and for 
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EMERGENCY ALTERNATE PROVISIONS 

IN 

TENTATIVE SPECIFICATIONS FOR ASPHALT ROOFING SURFACED WITH 
COARSE MINERAL GRANULES 
(D 249-44 T)' 

Issued, August 28 , 1944 , 

(SuUEKSEDING ISSUES OP MaY II, 1942 AND AUGUST 30 , 1943 .) 

These Emergency Alternate Provisions are issued by the American Society for Test- 
ing Materials in accordance with a special procedure^ in the interest of expediting 
procurement or conservation of materials during the period of National Emergency. 
They are intended for use where they may be considered by the purchaser of the 
material as a permissible alternate for the specific application or use desired. 


The following Enaergency Alternate Provisions, when specified, may be used as an 
alternate in A.S.T.M. Tentative Specifications for Asphalt Roofing Surfaced with 
Coarse Mineral Granules (D 249 - 44 T) and affect only the requirements referred to: 

Section 6 (6). — ^Change to read as follows by the addition of the ital- 
icized words and figures and the omission of those in brackets: 

{b) The coating and granules shall cover the entire weather si<le of the roofing, 
except that this side may be provided with a bare lapping edge, approximately 2 or 
approximately [3] 4 in. in width along one edge, where either the granules alone or 
both the granules and coating may be omitted. When the granules alone are 
omitted, [a thin fibrous membrane may be used to prevent the coated lapping edge 
from sticking in the roll] aity suitable treatment may be applied to the coated surface 
which shall prevent sticking of the coated lapping edge in the roll and which shall also 
permit the roofing to pass the strength-of-lap test. 

Section 6 {c ). — Change to read as follows by the omission of the 
word in brackets: 

(c) The reverse side of the sheet shall have the asphalt coating and [powdered] 
surfacing applied uniformly to the edges. 

'Fahle L — Change the requirements for area to read as follows by 
the addition of the italicized figures and the omission of those in 
brackets: 

Area The average area of the rolls examined shall contain sufficient roofing 

to cover 100 sq, ft. of roof surface (108 sq. ft. with 2 in. or no bare 
lapping edge, or [111 J sq. ft, with [3] 4 in. lapping edge) . 

Change the minimum requirements for net average weight per roll 


These Emergency Aiternate Provision-s apply to the standard appearing on p. 1423 and for convenience may be cut 

out and attached to the standard. , 

2 This special procedure is set forth in tlie 1Q44 A,S.T.M, Year Bo()k, 
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to read as follows by tbc addition of the italicized an-'l t!;e oni;-~ 

rdon of tlie figure in brackets: 


No bare edge a.i 

2-m. bai'e edge 'Vd .li 

[.3 1 -'/-in. i:)are edge o3 . </ 

!Scdlon 10 (<7.).--C]iangc the first sentence to read iu\ lollow.s !)>• [he 
addition of the italicized figures and the omission of liiose in bracice!.-;: 

The roofing shall be put up in rolls of either 108 s-, p ft. when made widi ,■ 2-iu. nr 
no bare-lapping edge, or [111] 114 sq. ft. when made with a [.'j /-in. hare 
iai'iping edge. 

Section- 12 {a ). — Omit the requirements for protective couli;ig cei 
nails prescribed in item {2) of this section. 

Change the second sentence of item (J) of this section Lu read ;is 
follows by the addition of the italicized word and figure and the 
sion of the figure in brackets: 

Where the roofing is intended for application by tiu? [blindj concralcJ nailing 
method and is provided with a 13] 4-in. selvage, j.iO nails per ‘*'s(juare” L<i‘ 
furnished on a basis of 36-in. roofing. 

Section 12 (b). — Change the fifth, sixth, and seventh seiUcncis of 
item (2) of this section to read as follows h}" the nddiiion of ihe 
italicized figures and the omission of those in brackets: 


The test specimen shall consist of two strips each 6 in. in length and 1 in. in 
•width cut from the roofing, and one of the strips shall include a [3j /-in. liare l.’iispiitg 
edge. The sfieciinen shall be prejiared for testing by covering the bare lapping 
edge of the one strip with [1..5] 3 g. of cement, spreading it evenly, and 1 hen ailov. ing 
the strip to remain undisturbed for 10 min. at a temperature of 70 to U() F, .21 tu 
32 C.). The reverse side of the other strip shall then be placed uiion the ceiiu'Jit- 
coated lapiping edge in such a manner as to form a complete specimen |0] \' in. in 
length by 1 in. in width that includes a regular [.3] 4-in. cemented lap. 



EMERGENCY ALTERNATE PRO VISIOI 

IN 

STANDARD SPECIFICATIONS FOR MICA PIGMENT 
(D 607 --42)1 

Issued, September 16, 1942. 

This Emergency Alternate Provision is issued by the American Society for Testing 
Materials in accordance with a special procedure® in the interest of expediting 
procurement or conservation of materials during the period of National Emergency. 
It is intended for use where it may be considered by the purchaser of the 
material as a permissible alternate for the specific application or use desired. 


The following Emergency Alternate Provision, when specified, may be used as an 
alternate in A.S.T.M. ' Standard Specihcations for Mica Pigment (D 607- 42) and 
affects only the requirements referred to: 

Section 2 (a ). — Change the requirement for total residue retained on 


a No. 325 sieve from: 

Total residue retained on a No. 32S (44-micron) sieve 7.0 

to read as follows: 

Total residue retained on a No. 325 (44-micron) sieve — iO.O 


1 Tiiii Emergency Alternate Provision applies to the standard appearing on p. 83S and for convenience may be cut 
out ami attached to the standard. 

* This special procedure is set forth in the 1944 A.S.T.M. Year Book, 



EMERGENCY ALTERNATE PROVISIONS 

IN . 

STANDARD SPECIFICATIONS FOR A.S.T.M. THERMOMETERS 

(El-44y 

IssTOD, November 9, 1944. 

These Emergency Alternate Provisions are issued by the American Society for Testing 
Materials in accordance with a special procedure” in the interest of expediting 
procurement or conservation of materials during the period of National Emergency. 
They are intended for use where they may be considered by the purchaser of the 
material as a permissible alternate for the specific application or use desired. 


The following Emergency Alternate Provisions, when specified, may be used as 
an alternate in A.S.T.M. Standard Specifications for A.S.T.M. Thermometers 
(E 1 “44) and affect only the requirements referred to: 

A.S.TM> Low Cloud and Four Test Thermometers . — To provide 
thermometers for pour point tests at —65 F. (—54 C.) or lower as 
covered in the Emergency Alternate Provisions EA-D 97 in A.S.T.M. 
Standard Method of Test for Cloud and Pour Points (D 97 -39), 
change the requirements for these thermometers as follows: 

Temperature Range . — In the Centigrade thermometer El(6C-39), change the 
lower temperature limit from “—60 C.” to read “—80 C.” 

In the Fahrenheit thermometer El(6F-39), change the lower temperature limit 
from “ — 70 F.” to read “ — 112 F.” 

Marking on Case . — ^To agree with the changes in the new ranges of these ther- 
mometers, change the required marking on the case of the Centigrade thermometer 
El(6C-39) from “—60 C.” to read “—80 C. and, on the case of the Fahrenheit 
thermometer El(6F-39), from “—70 F.” to read “—112 F.’’ 


s These Emergency Alternate Provisions apply to the standard appearing on p. 1129 and for convenience may be 
attached to the standard. _ ^ 

* This special procedure is set forth in the 1944 A.S.T.M. Year Book. 
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(For revisions or change of status in any of these tentative stand- 
ards, see supplementary publications to be issued in 1945 and 1946.) 


Tentative Standards represent the latest thoughts and 
tices, and are published as tentative b}’’ the Society on the 
recommendations of the committees concerned, prior to adoption 
as standard. 

New and revised Tentative Standards, i.ssued in 1.945 and 
1946, will appear in the 1945 and 1946 Supplements to the 
Book of A.S.T.M. Standards. It is important that these Sup- 
plements be consulted in case any change of status has oc’curred 
with respect to any of these Tentative Standards. 

Criticisms of these Tentative Standards should be directed 
to the Headquarters of the Society, 260 S. Broad St., Phila- 
delphia 2, Pa. 
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8 These specifications were formerly published as Emergency Specifications ES - 8. 

» These specifications were formerly published as Emergency Specifications ES - 9; 
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6 These specifications were formerly published as Emergency Specifications ES - 1 1 . 

6 These specifications represent a consolidation of the former Emergency Specifications ES-12and 
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Tentative Specifications for 

AIR-ENTRAINING PORTLAND CEMENT FOR CONCRETE 
PAVEMENTS! 



A.S.T.M. Designation: C 175 - 44 T 
Issued, 1942; Revised, 1944.* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover two types 
of air-entraining portland cement for use 
in concrete pavements exposed to severe 
frost action. The two types shall be 
designated as types lA and IIA and shall 
correspond respectively to types I and 
II of the Standard Specifications for 
Portland Cement (A.S.T.M. Designa- 
tion: C ISO).*"* 

Basis of Purchase 

2. The purchaser shall specify the 
type or types desired. When no type is 
specified, the requirements of type lA 
shall govern. 

Definition 

3. For the purpose of these specifica- 
tions, air-entraining portland cement is 
the product obtained by pulverizing 
clinker consisting essentially of hydraulic 


1 Under the standardization procedure of Uie Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-1 on Cement. 

2 Latest revision accepted by the Society at annual 
meeting, June, 1944. 

8 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


calcium silicates, to which no additions 
have been made subsequent to calcina- 
tion other than water and/or untreated 
calcium sulfate, except that there shall 
be interground with the clinker an addi- 
tion shown to be acceptable, in the 
amounts indicated, by tests carried out 
or reviewed by Committee C-1 on 
Cement^ (Note). 

Note. — ^Tests to determine whether a pro- 
posed addition is acceptable will be carried out 
or reviewed by Committee C-1 on Cement, for 
those making requests. In the year following 
that in which an addition has been declared 
acceptable by the Committee, the name of the 
addition shall appear as an addendum to Section 
3 and any definite limitation on the quantity to 
be used shall appear in the table of chemical or 
physical requirements in a revision of the speci- 
fications. 


^ The committee has declared the following additions 
acceptable: 

(fl) A material known commercially as Vinsol resin, 
wliich is manufactured by the Hercules Powder Co. and 
consists substantially' of the petroleum-hydrocarbon in- 
soluble fraction of a coal-tar hydrocarbon extract of pine 
wood. The Vinsol resin may be added at the mill in the 
form of an aqueous solution of sodium resinate (the ratio 
of solid sodium hydroxide to Vinsol resin is 15 parts to 100 
parts, by weight). 

(6) A material known commercially as Darex AEA 
whidi is manufactured by the Dewey and Ahny Chem- 
ical Co. and is substantially a triethanolamine salt of a 
sulfonate^ hydrocarbon. 
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Chemical Requirements 

4. Air-entraining portland cements 
shall conform to the respective chemical 
requirements prescribed in Table I. 
Physical Requirements 

5. Air-entraining portland cements 
shall conform to the respective physical 
requirements prescribed in Table II. 


each shipment, and in a suitable weather-* 
tight building that will protect the ce- 
ment from dampness and minimize 
warehouse set. 

Inspection 

8. Every facility shall be provided the 
purchaser for careful sampling and in- 
spection, either at the mill or at the site 


table i.-chemical requirements. 



Type lA 

Type IIA 

Silicon dioxide (Si02), min., per cent 


21.0 

Aluminum oxide (AI2O3). max., per cent 

Ferric oxide (FeaOal, max., per cent 


6.0 

fi.O 

Magnesium oxide (MgO), max., per cent 

Sulfur trio.xide (SO3), max., per cent 

s.d 

5.0 

2,0 

3.0 


Loss on ignition, max., per cent 

3,0 

Insoluble residue, max., per cent 

0.75 

0.75 

Ratio of AlaOa to FeaOa. .* 


0.7 to 2.0 

Tricalcium silicate (SCaO-SiOa)," max., per cent 

Tricalcium aluminate (SCaO-AlaOs)," max., per cent 

Vinsol resin (methoxyl method), per cent 

'6 ■ i 

50 

8 

Darex AEA, max., per cent 

} 0.05 

0.05 


“ The e.tpressing of chemical limitations by means of calculated assumed compounds does not neces.sarily mean 
that the oxides are actually or entirely present as such compounds. 

The percentages of tricalcium silicate, dicaldum silicate, and tricalcium aluminate shall be calculated from the 
chemical analysis as follows: 

Tricalcium silicate = (4.07 X per cent CaO) — (7.00 X per cent SiO-) — (0,72 X per cent AhU;;) 

— (1.43 X per cent FeaOa) — (2.85 X per cent SOs) 

Dicalcium silicate = (2.87 X per cent SiOa) — (0.754 X per cent .ICaO-SiOe) 

Tricalcium aluminate = (2.03 X per cent AlaOs) — (1.69 X per cent Fe-Oj) 

Oxide determinations calculated to the nearest 0.1 per cent shall be used in tlie calculations. Comjwunil percontages 
shall be calculated to the nearest 0.1 per cent and reported to the nearest 1 per cent. 

** Vinsol resin content is not limited, but is governed by the requirement for air content of mortar prescribed in 
Table II. The metho.xyl test is required to identify the presence of Vinsol resin. 


Packaging and Marking 

6. When cement is delivered in pack- 
ages, the name and brand of the manu- 
facturer, the type under these specifica- 
tions, and the fact that an acceptable 
iiiterground addition is present, shall be 
plainly indicated thereon. Similar in- 
formation shall be provided in the ship- 
ping advices accompanying the ship- 
ment of packaged or bulk cement. A 
bag shall contain 94 lb. net. A barrel 
shall consist of 376 lb. net. All packages 
shall be in good condition at the time of 
inspection. 

Storage 

7. The cement shall be stored in such 
a manner as to permit easy access for 
proper inspection and identification of 


of the work, as may be specified by the 
purchaser. The following periods from 
time of sampling shall lie allowed for 
completion of testing: 

3-day test 8 days 

7-day test 12 days 

28-da3' test 33 days 

Rejection 

9. (a) The cement may be rejected if 
it fails to meet any of the requirements 
of these specifications. 

(b) Cement remaining in bulk storage 
at the mill, prior to shipment, for a 
period greater than 6 months after com- 
pletion of the tests may be retested and 
may be rejected if it fails to conform to 
any of the requirements of these specifi- 
cations. 

(c) Packages varying more than 5 per 
cent from the specified weight may be 
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TABLE ll.— PHYSICAL REQUIREMENTS. 



Type lA 

Type IIA 

Fineness, specific surface, sq. cm. per g.: 



Average value, min 

1000 

1700 

Minimum value, any one sample 

1500 

1600 

Soundness : 



Autoclave e.xpansion, ma.x., per cent 

O.SO 

0.50 

Time of setting (alternate methods):® 

Gillmore test: 

Initial set, min., not less than 

60 

60 

Final set, hr., not more than 

10 

10 

Vicat test: 

Initial set, min., not less than 

Final set, hr., not more than 

45 

45 

10 , 

10 

Air content of mortar, prepared and tested in accordance with Method 

1 


C 18S, per cent by volume 

14 ±4 

14 ± 4 

Compressive strength, psi. I** 

The compressive strength of mortar cubes, composedof 1 part cement 
and 2. 75 parts graded standard sand, by weight, prepared and tested 
in accordance with Method C 109, shall be equal to or higher than 
the values specified for the ages indicated below: 

1 day in moist air, 2 days in water 

750 

600 

1 day in moist air, 6 days in water 

1500 

1250 

1 day in moist air, 27 days in water 

3000 

2500 


“ The purchaser should specify the type of setting time test required. In case he does not so specify, the requirements 
of the Gillmore test only shall govern. 

^ Unless otlierwise specified, compressive strength tests will be made only at 3 and 7 days. The strength at any 
age shall be higher than the strength at the next preceding age. 


rejected; and if the average weight of 
packages in any shipment, as shown by 
weighing 50 packages taken at random, 
is less than that specified, the entire 
shipment may be rejected. 

Methods of Testing 

10. The cement shall be sampled and 
the properties enumerated in these speci- 
fications shall be determined in accord- 
ance with the following methods of the 
American Society for Testing Materials: 

(fl) Sampling. — Standard Methods of 
Sampling Hydraulic Cement (A.S.T.M. 
Designation: C 183).® 

{b) Chemical Analysis. — ^Standard 
Methods of Chemical Analysis of Port- 
land Cement (A.S.T.M. Designation: 
C 114-44)® and Tentative Methods of 
Chemical Analysis of Portland Cement 
(A.S.T.M. Designation: C114-44T).® 


(c) Fineness. — Standard Method of 
Test for Fineness of Portland Cement 
by the Turbidimeter (A.S.T.M. Desig- 
nation: C 115).® 

(d) Autoclave Expansion. — Standard 
Method of Test for Autoclave Expansion 
of Portland Cement (A.S.T.M. Desig- 
nation: C 151).® 

{e) Time of Setting. — Standard 
Methods of Test for Time of Setting of 
Hydraulic Cement by the Vicat or 
Gillmore Needles (A.S.T.M. Designa- 
tion: C 191).® 

(/) Air Content of Mortar. — ^Tenta- 
tive Method of Test for Air Content of 
Portland-Cement Mortar (A.S.T.M, 
Designation: C 185).® 

(g) Compressive Strength. — Standard 
Method of Test for Compressive 
Strength of Hydraulic- Cement Mortars 
(A.S.T.M. Designation: C 109).® 
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Chemical Requirements 

4. Air-entraining portland cements 
shall conform to the respective chemical 
requirements prescribed in Table I. 
Physical Requirements 

5. Air-entraining portland cements 
shall conform to the respective physical 
requirements prescribed in Table 11. 


each shipment, and in a suitable weather' 
tight building that will protect the ce- 
ment from dampness and minimize 
warehouse set. 

Inspection 

8. Every facility shall be provided the 
purchaser for careful sampling and in- 
spection, either at the mill or at the site 


TABLE I.~CHEMICAL REQUIREMENTS. 


Silicon dioxide (Si02), min., per cent 

Aluminum oxide (AlsOa), max., per cent 

Ferric oxide (FesOQ, max., per cent 

Magnesium oxide (MgO), max., per cent 

Sulfur trioxide (SO 3 ), max., per cent 

Loss on ignition, max., per cent 

Insoluble residue, max., per cent 

Ratio of AlaOs to FeaOa 

Tricalcium silicate (SCaO-SiOa)," max., per cent — 
Tricalcium aluminate f'SCaO-AlsOs)," max., per cent. 

Viusol resin (metho.xyl method), per cent 

Darex AEA, max., per cent 


Type I.\ 



0.05 


Type IIA 


f).0 

5.0 

2.0 
.3.0 



0.05 


“The expressing of chemical limitations by means of calculated assumed compounds does not iK*ce.ss.'iri!y mean 
that the oxides are actually or entirely present as such compounds. 

The percentages of tricakium silicate, dicalcium silicate, and tricalcium aluminate sliall be cnlculiUeti from the 
chemical analysis as follows: 

Trkalcium silicate = (4.07 X per cent CaO) — (7.60 X per cent SiCb) — (6.72 X per cent AlAb) 

— (1.43 X per cent FeeOa) — (2.S.S X per cent SO 3 ) 

Dkalcium silicate = (2,87 X per cent SiOs) — (0.754 X per cent .3CaO-SiOi) 

Tricalcium aluminate = (2.65 X per cent Al;f3:i) — (1.69 X per cent FcaOa) 

Oxide determinations calculated to the nearest 0.1 per cent shall be used in the calculations. Comixtund lieicentiiges 
shall be calculated to the nearest 0.1 per cent and reported to the nearest 1 per cent. 

° Vinsol resin content is not limited, but is governed by the requirement for air content of mortar prescribed in 
Table 11. The methoxyl test is required to identify the presence of Vinsol resin. 


Packaging and Marking 

6. When cement is delivered in pack- 
ages, the name and brand of the manu- 
facturer, the type under these specifica- 
tions, and the fact that an acceptable 
interground addition is present, shall be 
plainly indicated thereon. Similar in- 
formation shall be provided in the ship- 
ping advices accompanying the ship- 
ment of packaged or bulk cement. A 
bag shall contain 94 lb, net. A barrel 
shall consist of 376 lb. net. All packages 
shall be in good condition at the time of 
inspection. 

Storage 

7. The cement shall be stored in such 
a manner as to permit easy access for 
proper inspection and identification of 


of the w^ork, as may be specified by the 
purchaser. The following periods from 
time of sampling shall be allo^ved for 
completion of testing: 

3-day test 8 days 

7-day test 12 days 

28-day test 33 days 

Rejection 

9. (a) The cement may be rejected if 
it fails to meet any of the requirements 
of these specifications. 

(b) Cement remaining in bulk storage 
at the mill, prior to shipment, for a 
period greater than 6 months after com- 
pletion of the tests may be retested and 
may be rejected if it fails to conform to 
any of the requirements of these specifi- 
cations. 

(c) Packages var3dng more than 5 per 
cent from the specified weight may be 
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TABLE ll.— PHYSICAL REQUIREMENTS. 



Type lA 

Type IIA 

Fineness, specific surface, sq. cm. per g.: 



Average value, min 

1600 


Minimum value, any one sample 

1500 

1600 

Soundness: 



Autoclave expansion, ma-x., per cent 1 

0.50 

O.SO 

Time of setting (alternate methods):® 

Gillmore test: 

Initial set, min., not less than 

60 

60 

Final set, hr., not more than 

10 

10 

Vicat tep: 

Initial set, min., not less than 

45 

45 

Final set, hr., not more than 

10 

10 

Air content of mortar, prepared and tested in accordance with Method 



C 185, per cent bv volume 

14 ±4 

14 ±4 

Compressive strength, psi.:'' 

Tlic compressive strength of mortar cubes, composed of 1 part cement 
and 2.75 parts graded standard sand, by weight, prepared and tested 
in accordance with Method C 109, shall be equal to or higher than 
the values specified for the ages indicated below: 

1 day in moist air, 2 days in water 

750 

COO 

1 day in moist air, 6 days in water 

1500 

1250 

1 day in moist air, 27 days in water 

3000 

2500 


“ The purchaser should specify the type of setting time test required. In case he does not so specify, the requirements 
of the Gillmore test only shall govern. 

** Unless otherwise specified, compressive strength tests will be made only at 3 and 7 days. The strength at any 
age .sliall be liiglier than llie strength at the ne,\t preceding age. 


rejected; and if the average weight of 
packages in any shipment, as shown by 
weigliing 50 jiackages taken at random, 
is less than that specified, the entire 
shipment may be rejected. 

Methods of Testing 

10. The cement shall be sampled and 
the properties enumerated in these speci- 
fications shall be determined in accord- 
ance with the following methods of the 
American Society for Testing Materials: 

(a) Sampling . — Standard Methods of 
Sampling Hydraulic Cement (A.S.T.M. 
Designation: C 183). 

(&) Chemical Analysis . — Standard 
Aletliods of Chemical Analysis of Port- 
land Cement (A.S.T.M. Designation: 
C 114-44)® and Tentative Methods of 
Chemical Analysis of Portland Cement 
(A.S.T.M. Designation: C114-44T).® 


(c) Fineness . — Standard Method of 
Test for Fineness of Portland Cement 
by the Turbidimeter (A.S.T.M. Desig- 
nation: C 115).® 

(d) Autoclave Expansion . — Standard 
Method of Test for Autoclave Expansion 
of Portland Cement (A.S.T.M. Desig- 
nation: C 151).® 

(e) Tnne of Setting . — Standard 
Methods of Test for Time of Setting of 
Hydraulic Cement by the Vicat or 
Gillmore Needles (A.S.T.M. Designa- 
tion: C 191).® 

(/) Air Content of Mortar. — ^Tenta- 
tive Method of Test for Air Content of 
Portland-Cement Mortar (A.S.T.M. 
Designation; C 185).® 

(g) Compressive Strength . — Standard 
Method of Test for Compressive 
Strength of Hydraulic-Cement Mortars 
(A.S.T.M. Designation: C 109).® 


Tentative Speciji cations for 
MASONRY CEMENT! 

# 

A.S.T.M. Designation: C 91 - 44 T 
Issued, 1944. * 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover cement 
to be used in conjunction witli sand in 
the making of mortar for laying units of 
masonry construction. 

Time of Setting 

2. Neat cement paste mixed to nor- 
mal consistency shall not develop initial 
set in less than 60 min., as determined 
by the Gillmore needle. Final set shall 
be attained within 24 hr. 

Soundness 

3. A pat of neat cement shall remain 
firm and hard, and show no signs of dis- 
tortion, cracking, checking, or disinte- 
gration in the steam test for soundness. 

Compressive Strength 

4. The average compressive strength 
of 2-in. mortar cubes, made, stored, and 
tested in accordance with Sections 19 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-1 on Cement, 

“ Accepted by Committee E-10 on Standards, August 
28, 1<I44. 

These specifications are in effect a tentative revision 
of, and are intended to replace, when adopted, the Stand- 
ard Specifications for Masonry Cement (C 91 -40), which 
appears in this publication, see Contents iff Numeric 
Sequence of A.S.TM. Designations at front of book. 


to 29, shall be not less than 400 psi. at 
the age of 7 days. The average strength 
at 28 days shall be not less than 750 psi. 

Water Retention 

5. Cement mortar after suction for 
60 sec. shall have a flow greater than 
70 per cent of that immediately after 
mixing, when tested in accordance with 
the procedure described in Section 30. 

Staining 

6. This requirement shall apply only 
when the invitation for bids specifically 
states that the cement shall be non- 
staining to limestone. Nonstaining ce- 
ment shall contain not more than 0.03 
per cent of water-soluble “alkali” when 
tested in accordance with Section 31. 

Note. — T he amount and nature of the stain- 
ing material in limestones seem to vary with 
the stone. The alkali in an}'' cement may, 
therefore, induce markedly different staining 
on. different stone, even though the stone may 
have come apparently from the same source. 
The amount of alkali permitted by the specifica- 
tions should not cause stain unless stone high 
in staining material has been used, or unless 
insufficient means have been used to prevent 
infiltration of water into the masonry. 
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Packaging and Marking 

7. The cement shall be delivered in 
suitable bags or barrels with the brand 
and name of the manufacturer and the 
net weight plainly marked thereon. 
All packages shall be in good condition 
at the time of inspection. Packages 
varying more than 5 per cent from the 
weight marked thereon may be rejected, 
and if the average weight of packages 
in any shipment as shown by weighing 
50 packages taken at random is less than 
the weight marked thereon, the entire 
lot represented may be rejected. 

Storage 

8. The cement shall be stored in a 
suitable weathertight building that will 
protect it from dampness, and in such a 
manner as to permit safe and easy access 
for proper inspection and identification 
of each lot. 

Inspection 

9. Every facility shall be provided 
the purchaser for the necessary inspec- 
tion and sampling. 

Rejection 

10. The cement shall be rejected if it 
fails to meet any of the requirements of 
these specifications. Cement remaining 
in storage prior to shipment for a period 
greater than 6 months after test shall be 
retested, and shall be rejected if it fails 
to meet any of the requirements of these 
specifications. 

Sampling and Methods 
OE Testing 

Size and Number of Samples 

11. Each sample of cement selected for 
purpose of tests shall weigh at least 5 
lb. and shall represent not more than 
1200 bags. If only one sample is taken, 
it shall weigh at least 10 lb. 


Shipment of Samples 

12. Samples shall be shipped and 
stored in airtight, moistureproof con- 
tainers. 

Temperature 

13. The temperature of the room and 
dry materials shall be maintained at 
not less than 20 C. (68 F.) and not more 
than 27.5 C. (81.5 F.). The tempera- 
ture of the mixing water, moist closet, 
and water in the cube storage tank shall 
not vary from 21 C. (70 F.) by more 
than 1.7 C. (3 F.). 

Preparation of Samples 

14. The sample of cement shall be 
given a preliminary sieving by being 
passed through a No. 20 (840-micron) 
sieve^ in order to thoroughly mix the 
sample, break up lumps, and remove 
foreign materials. 

Preparation of Cement Pastes 

15. A 500-g. portion of the cement 
shall be placed in the form of a crater on 
a plane, nonabsorbent plate. About 
one half of the mixing water necessary 
for normal consistency (Section 16) shall 
be poured into the crater, the cement 
mixed into the water with the finger 
tips until all the water is taken up by 
the cement, the remainder of the water 
added, and the paste then mixed with the 
fingers until all the water is absorbed. 
The mixing operation shall then be com- 
pleted by continuously and vigorously 
squeezing and kneading the paste with 
the hands for at least 3 min. During 
the operation of mixing, the hands shall 
be protected by rubber gloves. 

Normal Consistency 

16. Normal consistency shall be de- 
termined by the Vicat apparatus in 

s Detailed requirements for these sieves are given in the 
Standard Specifications for Sieves for Testing Purposes 
{A.S.T.M. Designation: Ell), which appears in this 
publicatitm, see Contents in Numeric Sequence of 
A.S.T.M.mesignations at front of book. 
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accordance with the Standard Method 
of Test for Normal Consistency of 
Hydraulic Cement (A.S.T.M. Desig- 
nation: C 187), except that the mixing 
of the paste shall be performed in ac- 
cordance with Section 15 of these speci- 
fications. 

Time of Setting Test 

17. The time of setting shall be de- 
termined by the Gillmore needle method 
in accordance with the Standard Meth- 
ods of Test for Time of Setting of Hy- 
draulic Cement by the Vicat or Gillmore 
Needles (A.S.T.M. Designation: C 191), 
except that the mixing of the paste shall 
be performed in accordance with Section 
15 of these specifications. 

Soundness Test 

18. Pats of neat cement, made and 
tested in accordance with the Standard 
Method of Test for Soundness of Ply- 
draulic Cement over Boiling Water 
(Pat Test) (A.S.T.M. Designation: C 
189),'^ except that the pastes shall be 
prepared in accordance with Section 15 
of these specifications, shall remain firm 
and hard and show no signs of distortion, 
checking, cracking, or disintegration. 

Compressive Strength Test 

19. Apparatus: (a) Scales . — The scales 
used in weighing materials for mortar 
mixes shall conform to the following re- 
quirements: On scales in use the permis- 
sible variation at a load of 2000 g. shall 
be plus or minus 2.0 g. The permissible 
variation on new scales shall be one half 
of this value. The sensibility reciprocal" 
shall be not greater than twice the per- 
missible variation. 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.l’.M. Designations at front of book. 

<> The sensibility reciprocal is a measure of the sensi- 
tiveness_ of a balance, and is the weight required to move 
the position of equilibrium of the pointer one division. 
For a complete definition of sensibility reciprocal, see 
“Specifications, Tolerances, and Regulations for Com- 
mercial Weighing and Measuring Devices,” Handbook H29, 
Nat. Bureau Standards, September, 1942, pp. 87 and 88. 


{b) Weights . — The permissible varia- 
tions on weights in use in weighing mate- 
rials for mortar mixes shall be as pre- 
scribed in Table I. The permissible 
variations on new weights shall be one 
half of the values in Table I. 


TABLE I. — PERMIS.SIBLE VARIATIONS ON WEIGHTS. 

Permissible 
Variations on 
Weights in Use, 
plus or minus. 


Weight, g. g. 

1000 o.s 

900 0.45 

750 0.4 

500 0.35 

300 0.3 

250 0.25 

200 0.20 

100 0.15 

50 0.10 

20 0.05 

10 0.04 

5 0.03 

2 0.02 

1 0.01 


(c) Sieves. — Sciuare-hole, woven wire 
doth No. 20 (840-micron), and No. 30 
(590-micron) sieves conforming to the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: E 11) * shall be used. 

id) Gla.^s Gradmies . — Glass graduates 
of suitable capacities (preferably large 
enough to measure the mixing water in a 
single operation) shall be made to deliver 
the indicated volume at 20 C. (68 F.). 
The permissible variation shall be plus or 
minus 2 ml. These graduates shall be 
subdivided to at least 5 ml. The main 
graduation lines shall be circles and shall 
be numbered. The least graduations 
shall extend at least one seventh of the 
way around, and intermediate gradua- 
tions shall extend at least one fifth of the 
way around. 

(e) Specimen Molds . — Molds for the 
2-in. cube test specimens shall be tight 
fitting. The parts of the molds when 
assembled shall be positively held to- 
gether. The molds shall be made of hard 
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metal not attacked by the cement mor- 
tar. For new molds the Rockwell hard- 
ness number of the metal shall be not less 
than B 55. There shall be sufficient 
material in the sides of the molds to pre- 
vent spreading or warping. The interior 
faces of the molds shall be plane surfaces 
with a permissible variation of 0.001 in. 
for new molds and 0.002 in. for molds in 
use. The distances between opposite 
faces shall be 2 rh 0.005 in. for new molds, 
and 2 ± 0.02 in. for molds in use. The 
height of the molds, measured separately 
for each cube compartment, shall be 2 
in. with permissible variations of plus 
0.01 in. and minus 0.005 in. for new 
molds, and plus 0.01 in. and minus 
0.015 in. for molds in use. The angle 
between adjacent interior faces, and be- 
tween interior faces and top and bottom 
planes of the mold shall be 90 dz 0.5 deg. 
measured at points slightly removed from 
the intersection of the faces. 

(/) Mixing Bml . — The mixing bowl 
shall be of enamelware or other non- 
absorbent, noncorroding material and 
shall have a capacity of about 1 gal. 

(g) Flow Table . — The flow table appa- 
ratus shall consist of a rigid metal frame 
and a circular rigid table 10 in. in diame- 
ter with a shaft attached perpendicular 
to the table top. The table with 
attached shaft shall be mounted on the 
frame in such a manner that it can be 
raised and dropped vertically through a 
fixed height of | in. by means of a rotated 
cam. The table top shall have a plane 
surface and be of noncorrodible metal. 
The table and the attached shaft shall 
weigh 9 ± 0.1 lb. The end of the shaft 
shall not strike upon the cam at the end 
of the drop. The surfaces of the table 
and the frame which come into contact 
at the end of the drop shall be plane and 
parallel with the upper surface of the 
table and the material of these parts 
shall be hard metal to prevent cushioning 


effect. The contact faces of the cam and 
the shaft shall be such that the table does 
not rotate more than one revolution 
during the 25 drops. The frame shall be 
attached rigidly to a concrete pedestal 
vffiich shall be attached rigidly to the 
floor. The concrete pedestal shall be at 
least 8 in. square or in diameter at the 
top and at least 25 in. in height with a 
base suitable for rigid attachment to the 
floor and shall weigh at least 100 lb. 
The table top, after the frame has been 
mounted on the pedestal, shall be level 
along any two diameters at right angles 
to each other in both the raised and the 
lowered position. 

{h) Flotv Mold . — ^The flow mold shall 
be made of noncorrodible material and 
shall be 4 in. in inside diameter at the 
base, 2.75 in. in inside diameter at the 
top, and 2 in. in height. 

(i) Trowel . — The trowel shall have a 
steel blade 4 to 6 in. in length, with 
straight edges. 

{j) T esting M achine . — The testing ma- 
chine may be either the hydraulic or the 
screw-type with sufficient opening be- 
tween the upper bearing surface and the 
lower bearing surface of the machine to 
permit the use of verifying apparatus. 
The load applied to the test specimen 
shall be indicated with an accuracy of 
plus or minus 1.0 per cent. The upper 
bearing shall be a spherically seated, 
hardened metal block firmly attached at 
the center of the upper head of the 
machine. The center of the sphere shall 
lie at the center of the surface of the block 
in contact with the specimen. The block 
shall be closely held in its spherical seat, 
but shall be free to turn in any direction. 
The diagonal or diameter® of the bearing 
surface shall be only slightly greater 

« A diameter of 3^ in,, which is large enough for testing 
3 by 6-in. cylinders, is satisfactory provided that the lower 
bearing block has a diameter slightly greater than the 
diagonal of the face of the 2-in. cube but not more than 2.9 
in., and is centered with respect to the upper bearing block 
and held in position by suitable means. 
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than the diagonal of the face of the 2-in, 
cube in order to facilitate accurate cen- 
tering of the specimen. A hardened 
metal bearing block shall be used beneath 
the specimen to minimize wear of the 
lower platen of the machine. The bear- 
ing block surfaces intended for contact 
with the specimen shall have a Rockwell 
hardness number not less than C 60. 
These surfaces shall not depart from 
plane surfaces by more than 0.0005 in. 
when the blocks are new and shall be 
maintained within a permissible varia- 
tion of 0.001 in. 

20. Standard Sand. — The sand used 
for making test specimens shall be nat- 
ural silica sand from Ottawa, 111., graded 
to pass a No. 20 (840-micron) sieve and 
retained on a No. 30 (590-micron) 
sieve.® This sand shall be considered 
standard when not more than 15 g. are 
retained on the No. 20 sieve, and not 
more than 5 g. pass the No. 30 sieve after 
5 min. of continuous sieving of a 100-g. 
sample in the manner specified for sieving 
cement in the Standard Method of Test 
for Fineness of Flydraulic Cement by the 
No. 200 Sieve (A.S.T.M. Designation; C 
184) .4 

21. Number of Specimens. — Three or 
more specimens shall be made for each 
period of test specified. 

22. Preparing Specimen Molds.— 
The interior faces of the specimen molds 
shall be thinly covered with mineral oil 
or light cup grease. After assembling 
the molds, excessive oil or grease shall 
be removed from the interior faces and 
the top and bottom surfaces of each 
mold. Molds shall then be set on plane, 
nonabsorbent base plates which have 
been thinly coated with mineral oil, 
petrolatum, or light cup grease. 

23. {a) Proportions for Standard Mor- 
tar. — ^The mortar shall consist of 1 part 
cement to 3 parts of standard sand by 
weight. The quantities of dry materials 
to be mixed at one time shall be 500 g. 


of cement and 1500 g. of sand. The 
quantity of mixing water, measured in 
milliliters, shall be such as to produce 
a flow of between 100 and 115 when 
determined in accordance with Section 

24. 

(6) Mixing of Mortars. — The mortars 
shall be mixed in a nonabsorbent bowl of 
about 1-gal, capacity. A measured 
quantity of water shall be poured into the 
bowl which has previously been wiped 
with a damp cloth. The cement shall 
then be added and stirred into the water 
with the fingers of one hand until all the 
cement is wetted. Approximately 800 
g. of sand shall then be added and the 
stirring continued for 30 sec. Tlie re- 
mainder of the 1500 g. of sand shall then 
be added and the mortar mixed for 
75 sec. by vigorous and continued stir- 
ring, squeezing, and kneading with one 
hand. The mortar shall then be allowed 
to stand for 60 sec. and then mixed for 
another 60 sec. During the operation 
of mixing, the hands shall be protected 
by rubber gloves. 

24. Deterfnination of Flow. — The flow- 
table top shall be carefully wiped dry and 
the flow mold placed at the center. 
Immediately after completing the mixing 
operation, the mold shall be filled with 
mortar gently pressed into place by the 
finger tips to insure uniform filling. The 
mortar shall then be cut off to a plane 
surface, flush with the top of the mold, 
by drawing the straight edge of a trowel 
(held nearly perpendicular to the mold) 
with a sawing motion across the top of 
the mold. The mold shall be lifted away 
from the mortar 30 sec. after completing 
the mixing operation. Immediately the 
table shall be dropped through a height 
of I in., 25 times in 15 sec. The flow is 
the resulting increase in diameter of the 
mortar mass, expressed as a percentage 
of the original diameter. Trial mortars 
shall be made wuth varying percentages 
of w'ater until the specified flow is ob- 



Specifications for Masonry Cement (C 9i - 44 T) 


1211 


tained. Each trial shall be made with 
fresh mortar. 

25. Molding Test Specimens. — ^Im- 
mediately after mixing the standard 
mortar in accordance with the procedure 
described in Section 23 (6), the mortar 
shall be placed in the specimen molds, 
whichs hall rest on plane, nonabsorbent 
plates. The molds shall be half filled 
with mortar, the mortar puddled into 
place with the finger tips of the gloved 
hand, the mold then filled to overflowing, 
and the mortar again puddled with the 
finger tips. The mortar shall then be 
troweled off flush with the top of the 
molds. 

26. Storage of Test Specimens . — ^All 
test specimens, immediately after mold- 
ing, shall be kept in the molds on plane 
plates in a damp closet, maintained at a 
relative humidity of 90 per cent or 
more, for from 48 to 52 hr. in such a 
manner that the upper surfaces shall 
be exposed to the moist air. The cubes 
shall then be removed from the molds 
and placed in the damp closet for 5 
days in such a manner as to allow free 
circulation of air around at least five 
faces of the specimens. At the age of 7 
days the cubes for the 28-day tests 
shall be immersed in clean running water 
in storage tanks of noncorrodible ma- 
terials. 

27. Testing of Specimens. — Testing of 
the cube specimens shall be carried out 
immediately upon their removal from the 
moist closet for 7-day specimens, and 
from storage water for all other 
specimens. If more than one specimen 
at a time is removed from the storage 
water for testing, these cubes shall be 
placed in a pan of water of sufficient 
depth to completely immerse each cube 
until its removal for testing. The load 
shall be applied to faces of the cubes 
that were in contact with the true plane 
surfaces of the mold. These faces shall 
be checked by application of an accurate 


straightedge. If appreciable curvature 
is present, the face or faces shall be 
ground to a plane surface before loading, 
or the specimens shall be discarded. 
Loose sand grains or incrustations shall 
be removed from the contact faces, and 
the cubes shall then be carefully placed 
in the testing machine below the center 
of the upper bearing block. No cushion- 
ing or bedding materials shall be used. 
The loading up to 25 per cent of the ex- 
pected maximum load may be applied 
at any convenient rate, after which the 
specimens shall be loaded continuously 
to failure at a rate or rates which shall at 
no time be less than 1000 nor more than 
6000 psi. per min, 

28. Calculations. — The total max- 
imum load indicated by the testing 
machine shall be recorded, and the com- 
pressive strength calculated in pounds 
per square inch from the cross-sectional 
area of the cube tested. 

29. Faulty Ctihes and Retests. — Cubes 
that are manifestly faulty or that give 
strengths differing by more than 10 per 
cent from the average value of all test 
specimens made from the same sample 
and tested at the same period shall not 
be considered in determining the com- 
pressive strength. After discarding 
cubes or strength values, if less than two 
strength values are left for determining 
the compressive strength at any given 
period, a retest shall be made. 

Water Retention Test 

30. (a) Apparatus. — For the water re- 
tention test, an apparatus essentially the 
same as that shown in Fig. 1 shall 
be used. This apparatus consists of a 
water aspirator controlled by a mercury 
column relief and connected by way of a 
three-way stopcock to a funnel upon 
which rests a perforated dish. A mer- 
cury manometer, connected as shown in 
Fig. 1, indicates the vacuum. A rubber 
gasket sshall be sealed to the top of the 
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funnel and shall be kept wet during a 
test to insure a seal between the funnel 
and dish. The perforated dish shall be 
made of nonabsorbent material. Hard- 
ened filter paper equivalent to Carl 
Schleicher and Schull filter paper No. 
575 shall be used. It shall be of such 


mixing bowl. Immediately after re- 
mixing, the mortar shall be uniformly 
distributed, without compacting, over 
the sheet of dampened filter paper in 
the perforated dish and the surface 
leveled off flush with the rim of the dish 
by drawing a straightedge across the dish 



diameter that it will lie flat and com- 
pletely cover the bottom of the dish. 

(fi) Method . — The mortar shall be 
mixed to a flow of from 100 to 115 
per cent in accordance with the pro- 
cedure described in Section 23(6). Im- 
mediately after making the flow test, the 
mortar on the flow table shall be remixed 
for 30 sec. with that remaining# in the 


with a slightly sawing motion. The 
dish shall then be seated on the wetted 
gasket, and with the mercury relief 
column previously adjusted so as to 
maintain a vacuum of 2 in., the stop- 
cock shall be turned to apply the vac- 
uum to the funnel. After suction for 
60 sec., the stopcock shall be quickly 
turned to expose the funnel to atmos- 
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pheric pressure. The contents of the 
dish shall then be immediately re- 
moved by means of a putty knife or 
square-end spatula and placed in the 
mold on the flow table. As each portion 
of mortar is placed in the mold it shall 
be well puddled with glove-covered 
fingers. When the mold is filled, the 
mortar shall be smoothed off level with 
the top of the mold, using the edge of a 
trowel, and the flow determined as prev- 
iously. The entire operation shall be 
carried out without interruption and as 
quickly as possible and shall require not 
more than 7 min. for completion, start- 
ing from the completion of the mixing 


of the mortar for the first flow deter- 
mination. Both flow determinations 
shall be made in accordance with the 
procedure described in Section 24, special 
care being taken to fill the mold uni- 
formly when obtaining the flow after 
suction. 

Staining Test (Determination of Water- 

Soluble Alkali) 

31. Water-soluble allcali shall be deter- 
mined in accordance with Section 20 of 
the Standard Methods of Chemical 
Analysis of Portland Cement (A.S.T.M. 
Designation: C 114).'*^ 


Tentative Methods of 

CHEMICAL ANALYSIS OF PORTLAND CEMENT* 



A.S.T.M. Designation; C 114-44 T 

Issued, 1937; Revised, 1938, 1939, 1940, 1942, 1944,* 

TMs Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa, 


General Requirements 
1. The sampling, apparatus, purity of 
water and reagents, concentration of rea- 
gents, glassware, and number of chemical 
determinations shall conform to the re- 
quirements prescribed in Sections 2 to 7 
(a) of the Standard Methods of Chemical 
Analysis of Portland Cement (A.S.T.M. 
Designation: C 114-44).* 

Sodium Oxide and Potassium Oxide^ 

Rapid Alternate Method 

Note. — determination of sodium oxide 
and potassium oxide in accordance with Sec- 


* Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-I on Cement. 

’These methods when adopted as standard are in- 
tended to be incorporated in the Standard Methods of 
Chemical Analysis of Portland Cement (A.S.T.M. Desig- 
nation: C 114-44.), which appe.ar.s in this publication, see 
Contents in Numeric Sequence of A.S.T.M. Designations 
at front of book. 

® Appears in this publication, see Contents in Numeric 
Sequence of .A.S.T.M. Designations at front of book. 

< This procedure is chiefly a modification of a 
method described by Francis W. Glaze, of the National 
Bureau of Standards, in a paper entitled "On the Direct 
Determination of Soda in Soda-Lime Glasses by Precipita- 
tion as Uranyl Zinc Sodium Acetate,” Journal, Am. 
Ceramic Soc. Vol. 14, No. 6, June, 1931, p. 450. The use 
of uranyl zinc acetate to precipitate sodium was proposed 
by H. H. Barber and I. M. Kolthofi, “A Specific Reagent 
for the Rapid Gravimetric Determination of Sodium,” 
Journal, Am. Chemical Soc., Vol. SO, p, 1625 (1928). The 
washing of potassium chloroplatinate with Gladding wash 
and its direct weighing were suggested by Fred P. Diener 
of Universal Atlas Cement Co. Many minor suggestions 
were contributed by a number of analysts. * 


tions 18 and 19 of the Standard Methods of 
Chemical Analysis of Portland Cement (A.S. 
T.M. Designation: C 114-44) of the American 
Society for Testing Materials'’ requires approxi- 
mately three days. A determination by this 
alternate method requires approximately two 
days. The standard method is more suitable 
for an occasional analysis. The alternate 
method may be used when a large number of 
determinations are made or when such a deter- 
mination is made frequently. The method may 
present a number of difficulties to an inexperi- 
enced operator, but they can be overcome with 
experience. In case of dispute, the standard 
method should be used. 

Reagents 

2. (a) Zinc Uranyl Acetate Reagent . — 
Shake a mixture of 20 g. of uranyl ace- 
tate (U 02 (CH 3 C 02 )o. 2 H 20 ), 60 g. of 
zinc acetate (Zn(CH 3 C 02 ) 2 - 21120 ), 5 
ml. of glacial acetic acid, and 175 ml, of 
warm water continuously for about 1 hr. 
or at intervals for a few hours. If 
the solution is clear, add a little 
NaCl or sodium zinc uranyl acetate 
(NaZn(U 02 ) 3 (CH 3 C 02 ) 9 - 6 H 20 ) to the 
solution and shake it again. It is 
essential that the reagent be saturated 
with respect to sodium zinc uranyl 
acetate at the temperature at which the 
1214 
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reagent is used. Allow the reagent to 
stand until its temperature is constant. 
Filter small portions of it as required, 
keeping the temperature as uniform as 
practicable in all operations involving 
the preparation of the reagent and alco- 
holic wash and the precipitation, filtra- 
tion, and washing of the sodium zinc 
uranyl acetate. 

(b) Alcoholic Wash . — ^Add some so- 
dium zinc uranyl acetate to ethanol 
which contains acetic acid (1 per cent), 
and shake the solution continuously for 
about 1 hr. or at intervals for a few 
hours. Filter portions of the wash as 
required. (See Paragraph {a) in regard 
to temperature.) The ethanol may be 
absolute or “95 per cent” and may be 
pure or denatured according to Formula 
No. 2b or 3a of the U. S. Bureau of 
Internal Revenue. 

(<::) Chloroplatinic Acid . — Dissolve 5 g. 
of HaPtClf/bHaO in 95 ml. of water and 
5 ml. of HCl (sp. gr. 1,18). 

{d) Gladding Wash . — Dissolve 100 g. 
of NIIiCl in 500 ml. of water and add 
to the solution an amount of K 2 PtCl 6 
that is more than sufficient to make a 
saturated solution (about 1 g.). Shake 
the mi.xture frequently for 6 to 8 hr., 
allow it to stand at least 12 hr., and 
filter. The residue may be used for the 
preparation of a new supply of the wash. 

Procedure 

3. (a) Preparation of Solntion . — To 
2 g. of cement in a platinum dish, pref- 
erably of the flat-bottom type, add 5 ml. 
of cool water, stir the mixture with a 
platinum rod, add carefully 10 ml. of 
diluted liNOa (l*.l), and continue the 
stirring until the cement is completely 
decomposed. Add 10 ml, of FICIO 4 (70 
per cent) and 25 ml. of HF (48 per cent) 
(Note 1) to the solution and mix it thor- 
oughly with the rod. Remove the rod 
and rinse it with water. Evaporate the 
solution to dryne.ss or fumes of HCIO 4 


(Note 2). Cool the dish, wash down the 
side with a little hot water, and repeat 
the evaporation. Drive off the excess 
HCIO 4 by cautiously moving a fl,ame 
under the dish or increasing the tempera- 
ture of a radiator, taking care not to 
heat the dish to redness. Cover the 
dish with a watch glass of fused silica 
or heat-resistant glass, and convert the 
perchlorates to chlorides by using 
stronger heat but stiU avoiding red heat. 
The residue fuses to a brown mass and 
may glow from an exothermic reaction. 
The reaction may be carried out by 
heating a small part of the residue at a 
time and applying no more heat than 
necessary to keep the reaction going. 
After the completion of the reaction, 
continue the heating for 1 or 2 min, 
below red heat. Cool the dish and 
watch glass (Note 3), Rinse the watch 
glass into a beaker. Add a little water 
to the dish, let the residue stand a few 
minutes to soften, and grind it with a 
glass mushroom or pestle to a smooth 
paste (Note 4). Wash the contents 
into the beaker and dilute them to 40 
to 50 ml. Boil the contents for 15 min., 
keeping the volume between 25 and 40 
ml. Add a little macerated filter pulp 
to the contents, and filter the solution 
through a filter paper of medium or fine 
porosity into a 100-ml. volumetric flask 
which contains sufficient HCl to acidify 
the filtrate (Note 5). Wash the filter 
paper and residue at least ten times 
until the volume is nearly 100 ml. Cool 
the filtrate (Note 6), dilute to the mark, 
and mix thorough^. 

Note 1. — Care should be taken that the acid 
does not carry any wax from its wax bottle, as 
organic matter in the presence of HCIO4 at a 
high temperature may cause an explosion. 

Note 2. — ^The evaporation requires care as 
the contents have a tendency to bump or spatter, 
especially when the dish is in contact with a 
flame or a hot plate at a high temperature. The 
best way to handle the evaporation depends on 
the equipment available to the operator and the 
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organization of Ms work. If practicable, the 
dish may be left on a water bath or a hot plate 
at a low temperature overnight. If the hot 
plate is too hot, a mat of asbestos may be used 
under the dish. A radiator may be used in 
wMch the solution is heated by infrared reflector 
drying lamps placed below or above the dish, or 
both. If a gas-fired radiator is used, its bottom 
should be closed so that the dish is heated by 
radiation rather than by conduction. A radia- 
tor of this type may be constructed out of stock 
2-in. plumbing fittings: Place a 3-in. support ring 
over a close nipple and screw a cap and coupling 
on the nipple until tliey come together and hold 
the ring firmly. As the iron is tliick, a burner 
of the Meker t3^e may be used for heating. If 
a similar radiator is made of tliin copper or galva- 
nized iron, an ordinary bunsen burner may be 
used. The contact of platinum with iron should 
be avoided. If the residue is allowed to stand 
overnight after the second evaporation, it may 
be placed in an oven or desiccator to prevent 
delay the next day due to absorption of moisture. 

Note 3, — ^As ammonium chloroplatinate is 
like potassium cMoroplatinate in being insoluble 
in ethanol, all following steps involving the 
determination of potassium oxide should be 
carried out in an atmosphere free of ammonia 
and ammonium salts. 

Note 4. — ^The residue should be thoroughly 
ground to insure the complete extraction of 
sodium and potassium cMorides. If the bottom 
of the dish is round and the grinding cannot be 
done satisfactorily, the residue may be trans- 
ferred to a casserole with the aid of water and a 
rubber policeman. Decant most of the water 
into the beaker and grind the residue. 

Note 5, — One or two drops of acid are usually 
sufficient. Filtration under suction may be 
employed. A convenient arrangement is to use 
a large bell glass, the edge of which is greased 
and in contact with a piece of plate glass. The 
top should have a 1- to 2-in. opening fitted with a 
two-hole rubber stopper. Insert a funnel and a 
glass tubing through the stopper. Connect 
the tubing with a T-shape connecting tube and 
an aspirator or vacuum pump. The connecting 
tube enables one to release the vacuum without 
turning the aspirator or pump off. The end 
of the tubing within the bell glass should be 
curved toward the side and fitted with a rubber 
tubing wMch extends to the bottom of the bell 
glass. This prevents the spoilage of work by the 
back rush of air or water. The arrangement 
makes it possible to filter directly into vessels 
of many types and sizes with suction. 

Note 6. — It is not necessary to cool to any 
particular temperature so long as the flask and 
pipettes used in the following steps are caf^rated 


at the same temperature and the temperature 
of the solution is close to the temperature of 
calibration. 

Determination of Na^O 

{b) Transfer a 20-mL aliquot of the 
solution of the sample (Paragraph {a)) 
to a small vessel and evaporate it to 
dryness (Note 7). Cool the vessel, 
take the residue up in 1 ml. of water, 
add 15 ml. of the zinc iiranyl acetate 
reagent while stirring, and allow the 
contents to stand for 30 to 60 min. 
(Note 8 ) with frequent stirring. Filter 
the solution through a weighed (Note 9), 
15-ml., fritted glass filtering crucible of 
medium porosity, or a Gooch crucible, 
with suction. Transfer the precipitate 
to the crucible and scrub and rinse the 
beaker with a rubber policeman, using 
small quantities of the zinc uranyl ace- 
tate reagent. Wash the precipitate six 
times with 2- to 3-ml. portions of the 
alcoholic wash (Note 10), being careful 
to wash down the side of the crucible, 
and three times with 4- to S-ml. portions 
of anhydrous ether. Draw air through 
the crucible until the odor of ether dis- 
appears, wipe the outside of the crucible 
with a damp cloth, place the crucible in a 
desiccator for 1 hr. (or 15 min. if in 
vacuo) y and weigh the sodium zinc 
uranyl acetate (NaZn(U 02 ) 3 (CH 3 C 02 ) 9 - 
6 H 2 O). 

(c) Blank . — Make a blank deter- 
mination, followmg the same procedure 
and using the same amounts of reagents, 
and correct the results obtained in the 
analysis accordingly. 

(d) Calculation . — Calculate the per- 
centage of Na 20 as follows: 

NaaO, per cent = IF X 5.0375 

where: 

W =gramsofNaZn(U02)3(CH3C02)9- 
6 FI 2 O, and 

5.0375 = molecular ratio of Na 20 to 2 
NaZn(U02)3(CH3C02)9 • 6 H 2 O 
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(0.02015) divided by the 
weight of sample in the 
aliquot used (0.4 g.) and 
multiplied by 100, 

Note 7. — ^The first part of the evaporation 
be done over a burner or hot plate with a 
stream of air directed on the surface and finished 
on a water bath or in a drying oven at 105 C. 

Note 8. — The solution should stand at least 
1 hr. when the content of NajO is low (less tbnn 
0.2 per cent). 

Note 9. — Wash, dry, and weigh the empty 
crucible just as it is done when filtered sodium 
zinc uranyl acetate is present. 

Note 10. — ^When the reagent and alcoholic 
wash are mixed and allowed to stand, a white 
precipitate results which does not dissolve in an 
excess of the wash. The washing with the 
alcoholic wash should be done rapidly. 

Determination of K^O 

(e) Transfer a 75-ml. aliquot of the 
solution of the sample (Paragraph {a)) 
to a vessel and evaporate the solution 
to about 5 ml. Add 5 ml. of the chloro- 
jdatinic add to the solution and con- 
tinue the evaporation on a water 
bath until the liquid solidifies to a soft 
mass upon cooling (Note 11). Add 30 
ml. of ethanol (85 per cent) to the vessel 
and grind the residue finely with a glass 
mushroom. Allow the contents to stand 
for about 1 hr. with frequent stirring and 
filter through a weighed, 15-ml., fritted 
glass filtering crucible of medium poros- 
ity with suction. Scrub and rinse the 
vessel with as little ethanol (85 per cent) 
as possible. Wash the crucible and 
residue five times with 3- to 5-ml. por- 
tions of ethanol (85 per cent), then six 
times with the Gladding wash with the 
suction being shut off and the residue 
churned up thoroughly with a fine stream 
of the wash each time (Note 12), and 
finally six times with ethanol (85 per 
cent) with care taken to wash down the 
side of the crucible. Dry the crucible 
at 105 to 110 C, for at least 2 hr. or 130 
to 135 C. for at least 30 min., cool in a 
desiccator, and weigh the KaPtCle. 


(/■) Blank . — Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, 
and correct the results obtained in the 
analysis accordingly. 

(g) Calculation . — Calculate the per- 
centage of K 2 O as follows: 

KjO, per cent = TT X 12.92 

where: 

W = grams of K 2 PtCl 6 , and 
12.92 = molecular ratio of K 2 O to 
KsPtClc (0.1938) divided by the 
weight of sample in the aliquot 
used (1.5 g.) and multiplied 
by 100. 

Note 11. — The content of K 2 O is assumed to 
be less than l.S per cent. Five milliliters of the 
chloroplatinic acid is about twice the amount 
necessary to precipitate the potassium in cement 
having a KaO content of 1.5 per cent. If the 
content is much greater than 1.5 per cent, the 
amount of the acid should be increased in pro- 
portion. The liquid may contain so much 
calcium chloride that toward tlie end of the 
evaporation most of the calcium chloride and 
some of the KaPtClo may crystallize out, giving 
slush instead of a syrupy solution. The last 
stage of the evaporation requires care, and it 
may be necessary to cool and re-evaporate a few 
times. If the evaporation is prolonged too 
long, the chloroplatinic acid may be partially 
decomposed or the solidified mass may be hard 
to break up in ethanol. 

Note 12. — ^The K 2 PtCl 6 is contaminated 
with considerable material which is insoluble in 
ethanol but soluble in the Gladding wash. It is 
thus essential that the washing with the Glad- 
ding wash be done thoroughly. 

Sulfide Sulfur® 

Apparatus 

4. Gas Generating Flask . — Connect a 
dry 500-ml. boiling flask with a long- 
stem separatory funnel and a small con- 
necting bulb by means of a rubber 
stopper. Bend the stem of the funnel 

5 This procedure is based on National Bureau of Stan- 
dards Research Paper 96S, by Harry A. Bright, “Determi- 
nation of Sulphur Occurring as Sulphide in Portland Ce- 
ment,” journal of Research, Nat. Bureau Standards, Vol. 
18, No. % February, 1937, p. 137. 
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so that it will not interfere with the 
connecting bulb, adjust the stem so that 
the lower end is close to the bottom of 
the flask, and connect the opening of 
the funnel with a source of compressed 
air. Connect the bulb with an L-shaped 
glass tube and a straight glass tube 
about 20 cm. in length. Insert the 
straight glass tube in a tail-form, 400-ml. 
beaker. A three-neck Woulff bottle 
with a long glass tubing in the middle 
opening, placed between the source of 
compressed air and the funnel, is a con- 
venient aid in the regulation of the air 
flow. If the air contains H2S or SO2, 
a solution of lead acetate or some other 
suitable absorbent shall be used in the 
bottle. Rubber used in the apparatus 
shall be of a pure-gum grade low in 
sulfur and shall be cleaned with 
warm HCl. 

Reagents 

5. (a) Starch Solution. — ^To 100 ml. 
of boiling water, add a cool suspension 
of 1 g. of soluble starch in 5 ml. of 
water and cool. Add a cool solution of 
1 g, of NaOH in 10 ml. of water, then 3 g. 
of KI, and mix thoroughly. 

(b) Potassium Permanganate Solution 
{approximately 0.03 N) . — Prepare a solu- 
tion of KMn04 on the basis of 0.94 g. 
per liter. The solution should not be 
filtered through any filter containing 
organic matter. It is most convenient 
to siphon off clear solution without dis- 
turbing the sediment on the bottom of 
the bottle. Standardize the solution 
against about 0.15 g. of sodium oxalate 
oxidimetric standard furnished by the 
National Bureau of Standards (stand- 
ard sample No. 40) according to the 
directions furnished with the sodium 
oxalate. 

(c) Sodium Thiosulfate Solution {ap- 

proximately 0 .03 N). — Prepare a solution 
of Na2S203 on the basis of 7.4 g. of 
Na2S203-5Ii20 per liter. • 


{d) Potassium lodate Solution {ap- 
proximately 0.03 N). — ^Prepare a solu- 
tion of KIO3 and KI on the basis of 
1.12 g. of KIO3 and 12 g. of KI per 
liter. Standardize the solution as fol- 
lows: To a cool solution of 1 g. of KI in 
300 ml. of water and 10 ml. of HCl (sp. 
gr. 1.18) in a 500-ml. flask, add about 
25 ml. of the KMn04 solution, swirl the 
solution gently, stopper the flask, and 
let stand for 5 min. Titrate the liber- 
ated iodine with the thiosulfate solution 
until the color nearly fades. Add 2 ml. 
of the starch solution, continue the 
titration until the blue color is destroyed, 
and back-titrate with the KMn04 solu- 
tion (Paragraph {b)) until the blue color 
just reappears. Repeat the titration 
with the KIO3 solution substituted for 
the KMn04 solution. Calculate the 
sulfur equivalent of the standard solu- 
tion of KIO3 in grams per milliliter as 
follows: 

AXCXGX 0.2392 

^ “ B ffff xF 

where: 

E — sulfur equivalent of the KIO3 solu- 
tion in grams per milliliter, 

A = grams of Na2C204 used in the stand- 
ardization of the KMn04 solution, 
B — milliliters of KMn04 solution re- 
quired by A, 

C ~ milliliters of KMn04 solution used 
in the standardization of the KIO3 
solution, 

D ~ milliliters of Na^SaOs solution re- 
quired by C, 

F ~ miUniters of KIO3 solution used in 
the standardization of the KIO3 
solution, and 

G ~ milliliters of Na2S203 solution re- 
quired by F. 

Note. — normal solution of KMnOi or 
K.IO 3 is equivalent to 0.06701 g. of Na 2 C 204 or 
0.01603 g. of sulfur. The number 0.2392 is 
obtained by dividing 0.01603 by 0.06701. The 
KIO 3 and KMnOi solutions should be stand- 
ardized frequently, but, as the Na 2 S 203 solution 
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is more stable, the KIO3 solution may sometimes 
be standardized against the Na2S203 solution 
alone and without the last values of A,B,C, 
and D being changed. 

{e) Stannous Chloride Solution . — ^To 
10 g. of SnCl2-2H20 in a small flask, add 
7 ml. of diluted HCl (1:1), warm the 
mixture gently until the salt is dissolved, 
cool the ■ solution, and add 95 ml. of 
water. This solution should be pre- 
pared as needed, as the salt tends to 
hydrolyze. 

(/) Ammoniacal Zinc Stdjate Solu- 
tion . — Dissolve 50 g. of ZnS04 *71120 in 
150 ml. of water and 350 ml. of NH4OH 
(sp. gr. 0.90). Filter the solution after 
allowing it to stand at least 24 hr. 

(g) Ammoniacal Cadmium Chloride 
Solution . — Dissolve 15 g. of CdCl2'2H20 
in 150 ml. of water and 350 ml. of 
NII4OH (sp. gr. 0.90). Filter the solu- 
tion after allowing it to stand at least 
24 hr. 

Procedure 

6. (a) Place 15 ml. of the ammoniacal 
ZnS04 solution (Note 1) and 285 ml. of 
water in the beaker. Put 5 g. of the 
sample (Note 2) and 10 ml. of water in 
the flask and shake the flask gently to 
wet and disperse the cement completely. 
This step and the following one should 
be performed rapidly to prevent the 
setting of the cement. Connect the 
flask with the funnel and bulb. Add 25 
ml. of the SnCh solution through the 
funnel and shake the flask. Add 100 
ml. of diluted HCl (1:3) through the 
funnel and shake the flask. During 
these shakings, keep the funnel closed 
and the delivery tube in the ammoniacal 
ZnSOd solution. Connect the funnel 
with the source of compressed air, open 
the funnel, start a slow stream of air, 
and heat the flask and contents slowly to 
boiling. Continue the boiling gently 
for 5 or 6 min., cut off the heat, and con- 
tinue the passage of air for 3 or 4 min. 
Disconnect the delivery tube and leave 


it in the solution for use as a stirrer. 
Cool the solution to 20 to 30 C. (Note 3) 
add 2 ml. of the starch solution and 40 
ml. of diluted HCl (1:1), and titrate im- 
mediately with the KIO3 solution until 
a permanent blue color is obtained 
(Note 4). 

(b) Blank. — ^Make a blank determina- 
tion, following the same procedure and 
using the same amounts of reagents, and 
correct the results obtained in the analy- 
sis accordingly. 

(c) Calculation. — Calculate the per- 
centage of sulfur (Note 5) as follows: 

Sulfur, per cent = EF X 20 

where: 

E — sulfur equivalent of the KlOg solu- 
tion in grams per milliliter, 

V — milliliters of KIO3 solution re- 
quired by the sample, and 
20 = 100 divided by the weight of 
sample used (5 g.). 

Note 1. — In general the ZnS04 solution is 
preferable to the CdCb solution because ZnSOi 
is more soluble in NH4OH than is CdCb- The 
CdCh solution may be used when there is doubt 
as to the presence of a trace of sulfide sulfur, 
as the yellow CdS facilitates the detection of a 
trace. 

Note 2. — ^If the content of sulfur exceeds 
0.20 or 0.25 per cent, a smaller sample should 
be used so tiiat the titration with the KIOj 
solution will not exceed 25 ml. 

Note 3. — ^The cooling is important, as the 
end point is indistinct in a warm solution. A 
part of the NHfiOH is lost during the distilla- 
tion and the remaining NH4OH reacts with 
acid, raising the temperature of the solution 
a few degrees without rendering the end point 
uncertain. 

Note 4. — If the content of sulfur is appreci- 
able but not approximately known in advance, 
the result may be low due to the loss of H2S 
during a slow titration. In such a case the 
determination should be repeated with the 
titration carried out more rapidly. 

Note 5. — Sulfites, thiosuhates, and other 
compounds intermediate between sulfides and 
sulfates are assumed to be absent. If such 
compounds are present, they may cause an 
error in the determination. 
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Sulfur 'Irioxide® 

Alternate Method, 

Rapid Determination by Turbidimeter 
Apparatus 

7. The apparatus shall consist of the 
following; 

(a) Turbidimeter. — A standard Wag- 
ner turbidimeter, as described in the 
Standard Method of Test for Fine- 
ness of Portland Cement by the Turbi- 
dimeter (A.S.T.M. Designation: C 115) 
of the American Society for Test- 
ing Materials,® or a turbidimeter de- 
signed generally on the same principles. 
The turbidimeter should be equipped 
with a source of light, a water cell, a 
retarding filter, a sedimentation tank, 
a photoelectric cell, and a shield, but 
an elevating device is not necessary. 
A microammeter having a range of 0 to 
50 or 100 microamperes and a source of 
constant emf. are required. The latter 
may be a 6-v. automobile starting and 
lighting storage battery. If the same 
turbidimeter is used for determining 
fineness and sulfur trioxide, separate 
sedimentation tanks shall be used for 
each purpose, 

(5) Stirring Apparatus. — K stirring 
apparatus capable of maintaining a 
speed between 225 and 300 rpm., con- 
stant within 20 rpm. The speed may be 
controlled by any suitable device. An 
electric motor with sufficient power to 
maintain a constant speed and a friction 
drive or a system of reducing gears or 
pulleys make a good permanent instal- 
lation. The speed, if not known for 
certain, ma}' be checked by counting the 


s This method is a revision by the Working Committee 
on Methods of Chemical Analysis of a procedure published 
by Robert B. Rudy in a paper entitled “Determination of 
Sulphuric Anhydride in Portland Cement by Means of the 
Wagner Turbidimeter,” Journal «/ Research, Nat. Bureau 
Standards, Vol. 16, No. 6, June, 1936, p. 555 {Research 
Paper RPS03). A single determination may be made in 
about 20 min., although it is preferable to make several 
determinations at a time. In case of dispute the results 
obtained in accordance with Section 16 of tlie Standard 
Methods of Chemical Analysis of Portland Cement (.A..S. 
T.M. Designation: C 114 -41) shall govern. fStandard 
Methods C 114 appears in this publication, see Contents 
in Numeric Sequence of A.S.T.M, Designations at front 
of book. 


rotation for 15 to 30 sec. or by means of a 
stroboscopic disk. A light duty labora- 
tory electric stirrer is liable to fluctuate 
in speed but may be used if controlled 
by means of a rheostat and a stroboscope 
in the following manner: Fit the motor 
with a special shaft that extends through 
the upper part of the housing. On the 
top end of the shaft place a 1 by 5-cm. 
brass flywheel that carries a stroboscopic 
disk having a number of alternate white 
and black sectors (Note 1). Illuminate 
the disk with a neon glow lamp, the 
upper part of which may be painted to 
protect the operator’s eyes from glare. 
The speed of stirring at which the illu- 
minated pattern of the disk is stationary 
depends on the frequency of the alter- 
nating current and the number of sectors. 
If the current is 60-cycle, the lamp gives 
7200 flashes per min. For example, a 
disk of 24 white and 24 black sectors 
gives a speed of 300 rpm. (7200 divided 
by 24). Adjust the rheostat until the 
illuminated pattern of the disk is sta- 
tionary or nearly so (Note 2). If the 
pattern moves in the direction of rotation 
of the motor, the speed of the motor is 
300 rpm. plus the speed of the pattern. 
If the pattern moves in the opposite 
direction, the speed of the motor is less 
than 300 rpm. correspondingly. 

Note 1. — The special shaft and flywheel can 
be made in a machine shop or by the manufac- 
turer of the stirrer. The operator can make his 
disk and paste it on the top of the flywheel. 

Note 2. — .At speeds that are multiples of the 
desired speed (600 rpm., 900 rpm., etc., in the 
example), there will be a stationarj" pattern, 
but it will be much loss distinct than the pat- 
tern at the desired .speed. At some speeds that 
are fractions of the desired speed (150 rpm., 
100 rpm., etc., in the example), there will also 
be a stationary pattern, but it will have a greater 
number of sectors. 

(c) Stirring Rod. — ^A stirring rod made 
of solid glass, 0.5 to 0.6 cm. in diameter 
and 15 to 20 cm. in length, bent at a 
point 4.5 to 5.5 cm. from the lower end 
so that the tip describes a circle 2.2 to 
2.8 cm. in radius. 
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{d) Measuring Scoop . — A small scoop 
made from a piece of metal tubing at- 
tached to a suitable handle, and of such 
size as to contain 0.5 g. of the barium 
chloride crystals when filled. An inside 
diameter of 0.63 cm. and a length of 1.12 
cm., giving a volume of 35 ml., may be 
used. 

Reagent 

8. Barium Chloride Crystals . — Use 
sieved ciystals of BaCl 2 - 2 H 20 that 
pass a No. 30 (420-micron) sieve (Note) 
and are retained on a No. 80 (177- 
micron) sieve.'^ Mix the crystals thor- 
oughly to insure uniform distribution of 
ciy^stal sizes. It is advisable to prepare 
a supply of cr}'stals sufficient for a large 
number of determinations, because a new 
calibration curve must be prepared for 
each batch of crystals used. If the curve 
obtained with a new lot of crystals is 
closely parallel to the curve previously 
used, the intensity of the light may be 
adjusted so as to make the two curv'es 
coincide. 

Note. — Clean sieves should be used to avoid 
the contamination of the crystals. Their ex- 
clusive use for the purpose is preferable. 

Calibration 

9, (a) Standard Setting . — The lamp 
of the turbidimeter shall be maintained 
at some standard value of intensit)'- by 
adjusting the filament temperature by 
means of the rheostats so that the read- 
ing on the microammeter, observed with 
the retarding filter in place but with the 
sedimentation tank removed, reaches a 
predetermined value. This value shall 
be determined as follows; Using a 
sample of known SO3 content, weigh an 
amount that gives a quantity of SO3 
corresponding to the lowest content 
expected to be encountered in the testing 


’ Detailed requirements for these sieves are given in . 
the Standard Specifications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11), which appears in this pub- 
lication, see Contents in Numeric Seciuence of A.S.T.M. 
Designations at front of book. 


of unknown samples (Note 1). Treat 
the cement with HCl and proceed with 
the subsequent steps prescribed in Sec- 
tion 10. Adjust the intensity of the 
lamp (Note 2) so that in 60 sec. after the 
stirring is stopped, the reading of the 
microammeter is just below the upper 
limit of the range. Replace the retard- 
ing filter, remove the tank, and observe 
the reading on the microammeter, which 
shall constitute the standard setting. 

Note 1 : Example . — If the SO 3 content of the 
cement is 1.80 per cent and the expected mini- 
mum is 1.30 per cent, 0.3611 g. of cement shall 

be weighed out ^0.5 g. X minimum 

should not be less than 1.30 per cent and should 
be as high as practicable. 

Note 2. — Whenever the lamp is turned on, 
it should be allowed to burn until the emf. is 
constant, as indicated by repeated readings of 
the microammeter taken at intervals of 5 min. 
The lamp shall be kept burning until the end of 
the work, but its intensity should be checked 
occasionally during the work and care should be 
taken not to damage the microammeter by send- 
ing it a current that greatly exceeds its range. 
This danger may be avoided by consistent prac- 
tice of keeping either the retarding filter or a 
suspension in the path of the light at all times. 
It is important to have all contacts in the elec- 
trical circuits clean and tight. It is desirable 
to solder electrical connections wherever prac- 
ticable. The cabinet should be closed when a 
reading is taken. 

{b) Calibration Procedure . — Using a 
sample of cement of known SO3 content, 
as determined by Section 16 of the 
Standard Methods of Chemical Analysis 
of Portland Cement (A.S.T.M. Desig- 
nation: C 114-44) of the American 
Society for Testing Materials,^ weigh 
exact amounts that give quantities of 
SO3 corresponding to four or more dif- 
ferent percentages (Note 3) in 0,5 g. 
of sample. Treat the specimens of 
cement with HCl and proceed with the 
subsequent steps prescribed in Section 

10. Use the readings to plot a curve on 
graph paper (Paragraph (c)), each point 
being located by the average of at least 
three (determinations (Note 4), 
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Note 3, — The percentages depend on the 
limits in SO 3 content expected to be encoun- 
tered in regular testing. Percentages of 1.30, 
1.60, 1.90, 2.20, and 2.50 are suggested for a 
comprehensive range. The standard cement 
used for calibration should have an approxi- 
mately average content of SO3 (1.70 to 1.90 per 
cent). 

Note 4. — When the optical system is changed 
in any way, such as the replacement of lamp, 
filter, or tank, the instrument must be recali- 
brated. 

(c) Calibration Curve . — Plot the aver- 
age readings obtained in Paragraph (b) 
against the percentage of SO3 on semi- 
logarithmic (one-cycle) paper, with the 
readings on the logarithmic axis, or plot 
the logarithms of the readings against 
the percentage of SO3 on cross-section 
paper. Draw a smooth curve through 
the points. The curve should be nearly 
a straight line and slightly bent towards 
the origin of the axes. All curves for 
the same instrument should be similar 
and more or less parallel to each other. 
A chart may be prepared from the curve 
to enable one to read the percentage of 
SO3 at a glance. 

Procedure 

10. (a) To 0.5 g. of the sample in a 150- 
ml. beaker, add 10 ml. of cool water and 
swirl the mixture until the sample is 
thoroughly dispersed. While continu- 
ing the swirling, add 5.0 ml. of PICl (sp. 
gr. 1.18). Use a glass rod to break up 
any lumps that do not readily dissolve. 
Dilute the solution immediately to 30 
to 40 ml. with hot water (about 90 C.) 
and digest it at a temperature just short 
of boiling until the solution clears, which 
takes 5 to 10 min. (Note 1). Filter the 
solution into a 250-ml. beaker through 
a filter paper of medium porosity and 
wash the residue well with hot water. 
Dilute the filtrate and washings to 200 
ml. in a graduated cylinder, adjust the 
temperature of the solution to any con- 
venient temperature between 20 and 30 
C. (Note 2), and return the solution to 


the beaker. Adjust the stirring ap- 
paratus so that the lower end of the 
stirring rod is 0.5 to 1.0 cm. above the 
bottom of the beaker and the motor is 
running at a speed between 225 and 300 
rpm., constant within 20 rpm. (Note 3). 
While stirring, add 0.45 to 0.55 g. of 
BaCl2'2H20 to the solution. If the 
speed of the stirrer is 225 rpm., continue 
the stirring for 60 sec.; a period of 30 
sec. is sufficient for a speed of 300 rpm. 
Remove the stirrer from the solution 
and transfer to the sedimentation tank a 
volume sufficient to bring the surface 
well above the light beam. Place the 
tank carefully against the guides in the 
instrument, remove the retarding filter, 
and close the cabinet. Observe the 
deflection of the microammeter in ex- 
actly 60 sec. after the stirring is stopped. 

Note 1.— If the cement contains an appre- 
ciable amount of manganic o.x:ide, there may be 
brown compounds of manganese that dissolve 
slowly in diluted HCL They may be ignored. 
Take care not to lose an appreciable amount of 
HCI from excessive or prolonged heating. 

Note 2. — ^The temperature .should be the 
same in the calibration and determination within 
2 C. The method is empirical, and it is impor- 
tant to give close and careful attention to all the 
details of the directions. Uniformity of the 
conditions within the specified tolerances is 
essential to accurate results. 

Note 3. — It is not necessary to keep the pat- 
tern on the stroboscopic disk absolutely sta- 
tionary, but it should not rotate more than 20 
times in 1 min. If it begins to move, the rheo- 
stat may be slightly turned to stop the move- 
ment. The flywheel prevents sharp fluctua- 
tions. The speed of stirring may be fixed at 
any number from 225 to 300 rpm. and can 
easily be controlled within 5 rpm. with the 
stroboscope described in Section 7 {b). 

(b) Calculation . — Read the percentage 
of SO3 from the calibration curve 01 
chart (Note 4). 

Note 4. — ^If the reading does not fall within 
the limits of the calibration curve, the deter- 
mination may be repeated with a smaller or 
larger amount of the sample as the case may re- 
quire and corrected for the difference in weight. 



Chemical Analysis oe Portland Cement (C 114 - 44 T) 


1223 


Vinsol Resin 

Determination by the Methoxyl Method^ 
Apparatus 

11. {d) Semi-Micro Distillation Ap- 
paratus . — The apparatus to be used shall 
be similar to the one illustrated in Fig. 1,® 
and shall consist of a reaction flask with 


the stem cut off about 1 cm. below the 
bulb. The capacity wiU then be ap- 
proximately 1.5 ml., and this amount can 
be conveniently withdrawn without suc- 
tion by dipping the pipette into the 
bromine solution up to the mark. 

(c) Boiling Rod . — To prevent bump- 
ing, a device known as a boiling rod shall 
be used. It shall consist of a piece of 


'ks and Tension Springs 


'"Absorpf/an Tube 



Side Arm for COz 
Capillary Tube, 
Imm. ID. 


Boiling Rod, Imm. l.D. 


•Semi-Micro Distillation Apparatus. 


a side arm for CO 2 , an air condenser with 
trap, an adaptor, and two absorption 
tubes. 

(6) Pipette . — -For transferring the bro- 
mine solution to the absorption tubes, it 
is convenient to use a 2-ml. pipette with 


8 For a discussion of the principle and historical de- 
velopment of tlie methoxyl method for determining Vinsol 
resin, see the paper on “The Principle of tire Metlioxyl 
Method for Deteniiining Vinsol Resin in Portland Ce- 
ment,” see the compilation of “A.S.T.M. Standards on 
Cement,” issued as a separate publication. 


9 These requirements are based on the apparatus 
designed by E. P. Clark, of the United States Bureau of 
Entomology and Plant Quarantine, for the determination 
of alkoxyl groups; E, P. Clark: “Studies on Gossypol. 
VI. The Action of Boiling Hydriodic Acid as Used in the 
ZeiselMethod upon Gossypol and Some of its Derivatives. 
A Semi-Micro Zeisel Methoxyl Method,” Journal, Am. 
Chemical Soc., Vol. St, No. S, May, 1929, pp. 1479-1483; 
“The Viebock and Schwappach M ethod for the Determina- 
tion, of Methoxyl and Ethoxyl Groups,” Journal, Assn, of 
Official Agricultural Chemists, Vol. IS, No. 1, February, 
1932, pp. 136-140; “Semimicro Quantitative Organic 
Analysis,” pp. 68-72, Academic Press, Inc., New York, 
N. y, (1943). References to other forms of the ap- 
paratus which have been suggested for use appear in a 
paper on “The Principle of the Methoxyl Method for De- 
termining Vinsol Resin in Portland Cement,” see the com- 
pilation of “A.S.T.M. Standards on Cement,” issued as a 
separate publication. 
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capillary glass tubing, approximately 6 
cm. in length and 1 mm. in inside di- 
ameter. It shall be sealed and fire- 
polished at one end, and the capillary 
shall be closed about 1 cm. from the other 
end, which shall be fire-polished. When 
this rod is placed in the flask with the 
open end down, it will induce uniform 
boiling so long as sufficient heat is con- 
stantly applied to the liquid. A dry 
boiling rod shall be used for each de- 
termination. A boiling rod is not used 
if the side arm is a separate unit with a 
ground glass joint and extends close to 
the bottom of the reaction flask to serve 
the same purpose. 

(d) Steam Bath. — ^An open-type steam 
bath (steam at atmospheric pressure) 
shall be used. 

(e) Oil Bath. — ^An oil bath, preferably 
electrically heated, that can be main- 
tained at 140 to 150 C. shall be used. 

(/) Burette. — Due to the small vol- 
umes of standard NaaSsOs solution re- 
quired for most cement samples, the use 
of a S-ml. burette graduated to 0.01 or 
0.02 ml. is recommended. 

Reagents 

12. (a) Potassium Acetate in Acetic 
Acid. — Dissolve 100 g. of anhydrous 
potassium acetate in 1 liter of glacial 
acetic acid. 

(b) Bromine in Acetic Acid. — ^i\dd 50 
ml. of liquid bromine to 200 ml. of glacial 
acetic acid and shake. 

(c) Phenol. — Transfer some crystals 
of phenol to a small glass-stoppered bot- 
tle. Before using, melt the material by 
heating to 60 to 70 C. 

(d) Hydriodic Acid {57 per cent, sp. gr. 
1.70). — The blank determination on the 
40-g. ignited sample, as described in 
Section 13(e), should not exceed 0.3 ml. of 
0.1 N Na2S2G3. If necessary, the acid 
may be purified by boiling with a small 
amount of red phosphorous and a slow 
stream of CO 2 for 20 to 30 min., foldowed 


by distillation at 126 to 127 C. in all- 
glass apparatus. A slow stream of CO 2 
should be maintained through the re- 
ceiver during the distillation. During 
the distillation, the poisonous gas phos- 
phine, PHs, may be formed under certain 
conditions, and this may unite with 
molecular iodine to form the explosive 
PI3, similar in properties to NI3. The 
PI3 may explode on contact with air. 
It is therefore advisable to keep the 
current of CO 2 going after the distilla- 
tion has been finished, until the appara- 
tus has cooled; this prevents air from 
being sucked into the apparatus. As a 
safety precaution, the distillation should 
be conducted in a hood or behind a wire- 
glass shield. 

(e) Carbon Dioxide. — ^A Kipp genera- 
tor with the use of marble and HCl 
(1 ; 1) is convenient, or a cylinder of the 
gas equipped with a suitable needle valve 
may be used. In either case, it is de- 
sirable to pass the gas through a wash 
bottle containing saturated NallCOs 
solution. Gaseous nitrogen ma.v be sub- 
stituted for CO 2 . 

(/) Sodium Acetate Solution. — Dissolve 
250 g. of anhydrous sodium acetate in 1 
liter of water. 

(g) Formic Acid {90 per cent). 

Qt) Starch Solution. — To 500 ml. of 
boiling water, add a cold suspension of 
5 g. of soluble starch in 25 ml. of water. 
Cool, add a cool solution of 5 g. of NaOH 
in 50 ml. of water, add 15 g. of KI, and 
mix thoroughly. 

{i) Standard Sodium Thiosulfate {ap- 
proximately 0.1 A^).— -Dissolve 25 g. of 
Na 2 S 203 ' 5 H 20 in 200 ml. of water and 
dilute to 1 liter. Use freshly boiled and 
cooled water. It is preferable to allow 
the solution to stand for a few days 
before standardization. Standardize the 
solution against an approximately 0.1 A 
solution of KMn 04 that has been stand- 
ardized against sodium oxalate oxidi- 
metric standard furnished by the Na- 
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tional Bureau of Standards (standard 
sample No. 40). The standard 0.18 N 
potassium permanganate described in 
Section 31 of the Standard Methods of 
Chemical Analysis of Portland Cement 
(A.S.T.M. Designation: C 114-44)® 
may be used if desired. Proceed with 
the standardization as follows: In each 
of two glass-stoppered Erlenmeyer flasks 
put 2 g. of KI and 100 ml. of freshly 
boiled and cooled water. Shake to dis- 
solve the KI and add 2 ml. of HCl (sp. gr. 
1.18). To one flask add slowly from a 
burette either 20.0 ml. of 0.1 N KMn04 
or 10.0 ml. of 0.18 N KMn04, while 
swirling the flask gently. To the other 
flask add an equal volume of water. 
Stopper the flasks and let them stand in 
the Clark for 10 min. Titrate the iodine 
that has been set free with the Na2S203 
until the solution is of a faint straw color. 
Add 2 ml. of starch solution and continue 
the titration until the blue color has just 
been destroyed. Subtract the volume of 
Na2S20;j required in the blank determina- 
tion from that required in the other titra- 
tion, and calculate the normality of the 
Na2S203, based on the normality of the 
KMnOd. Calculate the Vinsol resin 
value of the Na2S203 solution as fol- 
lows: 

E = N X 0.2716 

where; 

E ~ ^Tllue of 1 ml. of the Na2S203 solu- 
tion in terms of percentage of 
Vinsol resin in a 40-g. sample of 
cement, 

N = normality of the solution, and 
0.2716 = Vinsol resin value of an ex- 
actly 1 N Na2S203 solution.® 

Procedure 

13. (a) Extract the chloroform-soluble 
organic substances from 40 g. of cement 
as described in Section 27 of the Standard 
Methods of Chemical Analysis of Port- 


land Cement (A.S.T.M. Designation; 
C 1 14 - 44) .® After weighing the chloro- 
form extract (Note 1), redissolve it in a 
little chloroform. It may be necessary 
to warm the chloroform slightly to effect 
complete solution rapidly. If trouble is 
encountered in complete solution, the 
addition of a little acetone may assist the 
solution. Quantitatively transfer the 
solution to the methoxyl reaction flask, 
using a minimum of chloroform for the 
transfer. Evaporate the solvent on the 
steam bath, taking care not to prolong 
the heating after the residue appears dry. 
A stream of dry air directed down into 
the flask or through the capillary will 
hasten the evaporation. After the resi- 
due appears dry, heat the flask and con- 
tents in an oven at 100 to 105 C. for 15 
min. 

Note 1. — The procedure described in Para- 
graph (a) assumes that values for both total 
chloroform-soluble organic substances and for 
Vinsol resin are desired on the sample. If 
only the value for Vinsol resin is desired, the 
chloroform solution obtained in Section 27 (d) 
of Standard Methods C 114 may be ffl- 
tered directly into the methoxyl reaction flask 
instead of into a weighed beaker or platinum 
dish. In this case, proceed with the evaporation 
of the solution in the flask as described in 
Paragraph (a) of this section. 

(b) Add approximately 6 ml. of the 
solution of potassium acetate in acetic 
acid to the first absorption tube and 4 ml. 
to the second tube. By means of the 
shortened 2-ml. pipette, add approxi- 
mately 1 ml. of the solution of bromine 
in acetic acid to the first absorption tube 
and 0.5 ml. to the second. Stopper the 
tubes temporarily to prevent the bro- 
mine fumes from escaping into the air. 
Invert the condenser and add a pinch 
(about twice the size of a pin head) of 
red phosphorus to the trap; then add 
enough water so that when the rubber 
stopper is inserted and the condenser is 
placed upright, the capillary tube will 
dip ju'St below the surface of the liquid. 
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Add 2,5 ml, of melted phenol by means 
of a warm pipette and 5 ml. of HI (57 per 
cent, sp, gr. 1,70) (Note 2), and then a 
dry boiling rod, to the flask containing 
the sample. Moisten the ground-glass 
joint with a drop of HI, and connect the 
flask and condenser. Connect the adap- 
ter to the other end of the condenser, 
moistening the ground-glass joint with a 
drop of glacial acetic acid. Place tension 
springs or rubber bands around the hooks 
at the ground-glass joints. Connect the 
two absorption tubes, using a one-hole 
rubber stopper at the top of the first tube 
and a piece of moistened absorbent cot- 
ton around the glass tubing at the top of 
the second tube to mmimize the escape 
of noxious bromine fumes into the air. 

Note 2. — ^As the HI sometimes has a rather 
high blank value, it is advisable to measure the 
5 ml. of acid as accurately as possible from a 
pipette. 

(c) Connect the apparatus to a source 
of CO 2 and place in an oil bath at 140 to 
150 C. Pass a slow current of CO 2 
through the apparatus at a rate of about 
two bubbles per second, and maintain 
the oil bath at a temperature of 140 to 
150 C. At the end of about 15 min., 
increase the current of CO 2 to about 
three bubbles per second, and continue 
for an additional 15 min., or a total of 
30 min. 

(d) Add 5 ml, of the sodium acetate 
solution to a 250-ml. Erlenmeyer flask. 
Transfer the contents of both absorption 
tubes quantitatively to the flask, using 
water. Dilute to ioo to 125 ml. with 
water, and add formic acid (90 per cent) 
drop by drop, while swirling, until the 
brown color of bromine is discharged; 


then add 10 to 12 drops in excess. Al- 
low the solution to stand 1 to 2 min., and 
remove any bromine vapor that may 
remain in the flask by blowing a gentle 
stream of CO 2 over the liquid. Add 2 g. 
of KI, and swirl the flask to dissolve the 
KI. Add 5 ml. of H 2 SO 4 (6:94) and 
titrate immediately with the standard 
Na 2 S 203 solution to a light straw color. 
Add 2 ml. of starch solution and con- 
tinue the titration to the disappearance 
of the blue color. 

(e) Blank— Make a blank determina- 
tion with 40g.of ignited cement (Note 3), 
following the procedure described in Sec- 
tion 27(e) of Standard Methods C 114 
and then using the same amounts of 
reagents and procedure as prescribed in 
Paragraphs (a) to (d) of this section. 

Note 3. — It is not necessary to make a blank 
determination on ignited samples of each cement 
when determinations are made on a series of 
cement samples. However, a blank determina- 
tion should be made on each lot of chloroform 
or HI. 

(/) Calculation . — Calculate the per- 
centage of Vinsol resin as follow.s, and 
report the results to the nearest 0.001 
per cent: 

Vinsol resin, per cent == E(Vi — Fa) 
where: 

E = value of 1 ml. of the NaaSaOs solu- 
tion in terms of percentage of 
Vinsol resin in a 40-g. sample of 
cement (see Section 12(i)), 

Fi = milliliters of Na 2 S 203 solution re- 
quired by the sample, and 
F 2 == milliliters of Na 2 S 203 solution re- 
quired by the blank. 


f 



Tentative Method of Test for 
AIR CONTENT OF PORTLAND-CEMENT MORTAR' 



A.S.T.M. Designation: C 185 - 44 T 
Issued, 1944.* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test is intended for 
determining the air content of portland- 
cement mortar under the conditions 
hereinafter specified. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Measure . — cylindrical measure 
having an inside diameter of 3 zb in. 
and a depth (approximately 4,ys in.) 
adjusted by standardization with water 
to contain 500 zb 1 ml. at 21.1 C. (70 F.) 
(Note 1). A satisfactory mold may be 
machined from seamless steel tubing or 
nominal 3-in. wrought-iron pipe, to which 
a steel disk about in. in thickness is 
welded to form the bottom. 

Note 1. — The 500-inl. measure can be 
calibrated readily by filling with distilled water 
at 21.1 C. (70 F.) to a point where the meniscus 
extends appreciably above the top of the 
measure, placing a clean piece of plate glass on 
the top of the measure, and allowing the excess 


* Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-1 on Cement. , . , 

“ Accepted by the Society at annual meeting, June, 
1944. 


water to be squeezed out. The absence of air 
bubbles as seen through the glass insures that 
the measure is completely full. Care shall be 
taken that the excess water is wiped from the 
sides of the container before weighing. 

Another method of calibration is to cover the 
measure, which has been set on counter-balanced 
scales, with the clean glass plate. The measure 
shall be level during the calibration. The plate 
shall be set over the top of the measure so that 
only a narrow slit remains uncovered. Distilled 
water at 21.1 C. (70 F.) shall then be poured 
through the opening betw'een cover and measure 
until the water is in contact with the glass plate 
at all points. The water level in the slit shall 
then be adjusted so that there is neither a 
positive nor negative meniscus with the edge of 
the cup. This is easily observed by noting 
reflection of light, with the eye at the level of 
the cup. 

In both methods, the water content of the 
measure, in grams, divided by 0.998 gives the 
capacity in milliliters. 

(b) Tamping Rod . — ^A bullet-pointed 
rod I in. in diameter and 10 in. in length. 

(c) Straightedge. — A steel straightedge 
not over J in. in thickness. 

{d) Spatida . — A 6-in. metal spatula 
wuth straight edges. 

(e) Scales . — Scales having a capacity 
sufficient to weigh the mortar and the 
container (approximately 2 kg.). The 
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permissible variation at 2 kg. shall be 
plus or minus 1 g. 

(/) Mixing Bowl. — A mixing bowl of 
4-qt. capacity. A circular metal or 
enameled bowl with a flat bottom is pre- 
ferred. 

(g) Sieves. — Square-hole, woven wire 
cloth, No. 20 (840-inicron) and No. 30 
(590-micron) sieves conforming to the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M, Designa- 
tion: E 11).® 

Qi) Glass Graduates. — Glass graduates 
of 2S0-ml. capacities, for measuring the 



Top View 





Rear View 



View of Gate 



Fig. 1. — ^Burmister Mortar Flow Trough. 


mixing water, made to deliver the indi- 
cated volume at 20 C. (68 F.). The per- 
missible variation shall be plus or minus 
2 ml. The main graduation lines shall 
be circles and shall be numbered. The 
least graduations shall extend at least 
one seventh of the way around and inter- 
mediate graduations shall extend at 
least one fifth of the way around. 

(i) Burmister Mortar Flow Trough . — 
A Burmister mortar flow trough con- 
forming to the dimensions shown in Fig. 
1 and made of sheet metal. The trough 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of f>ook. 


shall be mounted or operated on a rigid 
base or table (Note 2). 

Note 2. — ^The mortar flow trough may be 
operated advantageously by means of a cam 
operating against the heel of the base plate. 

Temperature 

3. The temperature of the room and 
dry materials shall be maintained be- 
tween 20 and 27.5 C. (68 and 81.5 F,). 
The temperature of the mixing water 
shall not vary from 21 C. (70 F.) by 
more than plus or minus 1.7 C. (3 F.). 

Standard Sand 

4. The sand used for making the stan- 
dard mortar (Section 5 (a)) shall be 
natural silica sand from Ottawa, III, 
graded to pass a No. 20 (840-micron) 
sieve and retained on a No. 30 (590- 
micron) sieve. This sand shall be con- 
sidered standard when not more than 15 
g. are retained on the No. 20 sieve and 
not more than 5 g. pass the No. 30 sieve 
after 5 min. of continuous sieving of a 
100-g. sample in the manner specified 
for sieving cement in the Standard 
Method of Test for Fineness of Hydraulic 
Cement by the No. 200 Sieve (A.S.T.M. 
Designation: C 184).® 

Procedure 

5. (a) Batch. — The proportions of the 
standard mortar shall be 300 g. of cement 
to 1200 g. of standard sand and sufficient 
water, in multiples of 4 ml, to give a flow 
between 2.4 and 2.9 in. (Note 1) on the 
mortar flow trough when determined in 
accordance with Paragraph (c). 

Note 1. — It is indicated by test that the air 
content of the mortar is not affected appreciably 
by a variation in flow within tlie O.S-in. range 
specified. 

Q}) Mixing of M or tar. —Tlie mixing 
shall be done in a bowl (Section 2 (/)) ])y 
vigorous and continuous stirring, squeez- 
ing, and kneading with one hand, which 
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shall be protected by a snug-fitting rub- 
ber glove. The materials for a batch 
shall be introduced in the following 
manner: 

(1) Place the water in the bowl, which 
has just been wiped with a damp 
cloth or damp sponge, 

(2) Add the cement to the water and 
mix for 30 sec., 

(3) Add approximately one half of 
the standard sand and mix for 
30 sec., 

(4) Add the remainder of the sand and 
mix for 1 min., 

(5) Let the mortar stand for 1| min. 
(covered with a damp cloth), and 

(6) Mix for 1 min. 

(c) Flow Determinatwn . — The mortar 
flow trough shall be dry at the beginning 
of the flow determination. The gate 
shall be put in place and the trough sup- 
ported in, the Irorizontal position. The 
trough shall be filled between the gate 
and the closed end with the mortar in two 
layers, puddling each layer 15 times with 
the gloved forefinger of one hand. The 
remaining mortar of the batch in the 
bowl shall be covered with a damp cloth. 
Care shall be taken in placing the 
mortar under the sloping gate and at the 
back end of the trough. Immediately 
after completion of puddling the last 
layer and before smoothing off the sur- 
face, the closed end of the trough shall 
be tapped lightly twice on each side with 
the handle of the spatula to prevent the 
mortar from sliding and breaking away 
from the closed end during the flow 
determination. The flat side of the 
spatula blade shall be placed across the 
trough just behind the gate, with the 
length of the blade at right angles to the 
length of the trough. The mortar shall 
then be smoothed off by drawing the 
.spatula blade, with its leading edge 
.slightly raised, to the closed end of the 
trough in a single stroke. The mortar 
shall then be cut off to a level surface 
flush with the top of the trough by draw- 


ing the straight edge of the spatula with a 
sawing motion over the trough from the 
gate to the back end. Care shall be 
taken that the surface of the trough from 
the gate to the open end is clean and dry. 
If seepage under the gate has occurred, 
it shall be removed with a dry absorbent 
cloth. The gate shall be removed by 
lifting one side in a hinge motion, using 
the other side as a pivot, and the free end 
of the trough shall be allowed to drop 
under its own weight. The free end 
shall again be raised until the trough is 
horizontal, and again allowed to drop. 
Ten drops shall be made at the rate of 
1 drop per second and the flow recorded 
to the nearest 0.1 in. The operation of 
raising and dropping the free end of the 
flow trough shall be started immediately 
after removing the gate and not more 
than 45 sec, after completion of mixing. 
Each determination of flow shall be made 
on a fresh portion of material from the 
same or a new batch. When the flow is 
not within the required range (paragraph 
(d)), a new batch shall be made with an 
adjusted water content. 

{d) Weight per 500 ml. of mortar . — 
Wlien the quantity of mixing water has 
been found that produces a flow between 
2.4 and 2.9 in., the weight per 500 ml. of 
mortar shall be determined immedi- 
ately, using the mortar remaining in the 
mixing bowl after the flow has been de- 
termined. The portion of the mortar 
used in the flow determination shall not 
be used in the determination of the 
weight per 500 ml. The mortar shall 
be placed in the 500-ml. measure in three 
equal layers, rodding each layer 15 times 
with the tamping rod and taking care to 
penetrate only the surface of the layer 
previously placed. Each layer shall be 
spaded thoroughly with the spatula 
around the inner surface of the measure 
to remove all rod holes and to consolidate 
the mortar adhering to the inner surface 
of the^easure. Care shall be taken that 
no rod holes are left in the mortar and 
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that no additional holes are introduced 
by the spading operation. The excess 
mortar shall be struck off with a steel 
straightedge flush with the top of the 
measure, making two passes over the 
entire surface, the second pass being 
made at right angles to the first. Care 
shall he taken in the striking-off opera- 
tion that no loose sand grains cause the 
straightedge to ride above the top sur- 
face of the measure. The entire opera- 
tion of filling and striking off the measure 
shall be accomplished within 1| min. 
All mortar and water adhering to the 
outside of the measure shall be wiped off 
and the measure and contents weighed 
(Note 2). The iveight of the mortar in 
grams, after subtracting the weight of 
container, shall be recorded. 

Note 2. — This operation may be facilitated 
by placing the measure on a steady flat-surfaced 
support of lesser diameter than the measure 
while filling and wiping. 

Calculation 

6. The air content of the mortar shall 
be calculated from the following formula, 
which is based on the batch proportions 
given in Section 5 (a), taking the specific 
gravity of cement as 3.15 and of standard 
Ottawa sand as 2.65 


Air content, per cent by volume = 


100 - 21F 


(182.7 + F) 
'(5000 -f lOP) 


W ~ weight of 500 ml. of mortar in 
grams, and 

P = percentage mixing water based on 
weight of cement used. 

Reproducibility 

7. Duplicate determinations of the air 
content shall be made by this method on 
separate batches and the average value 
obtained shall be reported. Values for 
percentage of air content obtained in the 
test should not differ from the average 
by more than plus or minus 1.0. 


* This formula may be derived as follows: 


Air content, per cent by volume - 100 




wnere: 

Wa — actual weight per unit of volume as determined bv 
A.S.T.M. Method C 185, 

= g. per ml., where 1!' is the weight in grams of the 
specified 500 ml. of mortar fSection 5(d)), 

II', • = theoretical weight per unit of %-ii!umc, calculated on 
an ajr-free basis as follow.'!, and using the values for 
.specific gravities and <iiiantities of materials as 
given in Sections S(<i, and 0, 

^ 1200 + 500 XJ'X O.ol 

" JH’ t ^ ^ 

5.15 2.05 ''' f ' 


“ + 0.01 p ’ 

= percentage of mixing water, based cm weight of ce- 
ment. 


Substituting for IFe and IFc in Erp 1, we liave: 


Air content, per cent by volume 


= 100 


1.827 + 0.01P\ 
S + O.OIE / 


= 100 - 


IF {1.827 -f O.OIF) 

T ^ '‘"rs +"0.01?)”' 


= 100 - 2IF 


TTI+i'J 

(5000 -t- 10?) 


where : 
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Scope 

1. This method of test is intended for 
determining the heat of hydration of a 
cement by measuring the heat of solution 
of the dry cement and the heat of solu- 
tion of a sefiarate portion of the cement 
that has been partially hydrated for 7 or 
28 days, the difference between these 
values being the heat of hydration for 
the respective period of hydrating. 

Apparatus 

2. (a) Calorinletrk Apparatus: 

' il) Calorimeter . — The calorimeter 
(Fig. 1) shall consist of a 1-pt., wide- 
mouth vacuum jar, with cork stopper, 
held in a suitably insulated container 
(see item (/)) to keep the vacuum 
jar in position and to protect the jar 
from undue temperature fluctuations. 
The vacuum jar shall not cool more 
than 0.001 C. per min. per degree 
of difference from room temperature 
when filled with warm water, stoppered, 
and allowed to stand unstirred for 30 
min. The vacuum jar shall be coated 

• Under the standardization procedure of the Society, 
tliis method is under the jurisdiction of tlie A.S.T.M. 
Committee C-I on Cement. 

-.‘'c:e'>ted by the Society at annua! meeting, June, 


on the interior with a material resistant 
to hydrofluoric acid, such as a baked 
phenolic resin, a baked vinyl chloride 
acetate resin, or beeswax. The acid- 
resistant coating shall be intact and free 
of cracks at all times; it shall be examined 
frequently and renewed whenever nec- 
essary. 

{2) Insulated Container . — The con- 
tainer shall have an insulating layer of 
cotton or similar material, which shall be 
at least 1 in. in thickness and shall encase 
the sides and bottom of the vacuum jar, 
but shall be so arranged as to permit the 
easy removal of the jar. 

(3) Differential Thermometer . — The 
adjustable differential thermometer shall 
be of the Beckmann type, graduated at 
least to 0.01 C., and shall have a range 
of approximately 6 C. The thermom- 
eter shall be so adjusted that the upper 
limit of the scale approximates room 
temperature. The portion of the ther- 
mometer that will rest inside the calorim- 
eter shall be protected with a coating 
resistant to hydrofluoric acid (see item 
{!)). The thermometer shall be equipped 
with a suitable reading lens. 

(4) Funnel . — ^The funnel through 
which the sample is introduced into the 


1231 


1232 Test tor Heat or Hydration or Portland Cement (C 186 - 44 T) 


calorimeter shall be of glass or plastic and 
shall have a stem approximately 3 in. in 
length and with an inside diameter of not 
less than T in. 

(5) Stirrer . — The stirrer shall be made 
of glass with a coating resistant to hydro- 
fluoric acid, or of an inert plastic, and 
shall be long enough to extend nearly to 
the bottom of the calorimeter. The 
motor shall be of the constant-speed type, 
at least -To hp-j ^^nd shall be equipped 


heat in the calorimeter, it is important that tlie 
stirrer speed, and hence the rate of heat genera- 
tion, be maintained constant. A synchronous 
motor and a geared speed reducer are therefore 
almost mandatory. 

{h) Mixer . — A mechanical mixer, such 
as a milk-shake stirrer, capable of inti- 
mately mixing the cement and water to 
a uniform paste. 

(c) Storage . — Storage space with tem- 
perature controlled at 21 ± 1.7 C. 



with a geared speed reducer so that some 
one speed, in the range of 350 to 700 
rpm., can be maintained constant (Note). 

Note, — T he function of the stirrer is twofold: 
to maintain uniform temperature throughout 
the liquid and to supply sufficient agitation to 
keep the solid reactant in suspension in the acid 
mixture. In this calorimeter the latter function 
controls the design of the stirrer, wliich maj’’ be 
varied by the operator to give satisfactory 
performance. Since a stirrer capable o| keeping 
the solid in susspension generates considerable 


{d) Mortar . — A mortar, approximate- 
ly 8 in. in diameter, and pestle for grind- 
ing the partially hydrated samples. 

(e) Glass Vials . — Glass vials, 4 by | 
in., shell type, with stoppers. 

(/) Oven . — A drying oven maintained 

at 100 to no c. 

(g) Weighing Bottles. 

Qi) Stop Watch or Clock Timer. 

(i) Sieves. — No. 100 (149-micron) and 
No. 30 (590-micron) sieves conforming to 
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the Standard Specifications for Sieves for 
Testing Puiposes (A.S.T.M. Designa- 
tion: E 11).® 

(j) Crwci&^es.— Platinum crucibles of 
30-mL capacity, with covers, for loss on 
ignition determinations. 

(k) Muffle . — A muffle furnace or suit- 
able burners capable of maintaining a 
temperature of 900 to 950 C. 

(/) Analytical Balance . — An analyti- 
cal balance and analytical weights, con- 
forming to the requirements prescribed 
in the Standard Methods of Chemical 
Analysis of Portland Cement (A.S.T.M. 
Designation: C 114),® for weighing out 
calorimetric samples and for loss on ig- 
nition weighings. 

(m) Balance . — A glass enclosed bal- 
ance, capacity 1 kg., capable of weighing 
the acid charge to the nearest 0.05 g. 

Reagents 

3. {a) Zinc Oxide . — Reagent grade 
ZnO, for use as the standard in the heat 
capacity determinations, shall conform 
to the specifications of the Committee on 
Analytical Reagents of the American 
Chemical Society. The ZnO shall be 
heated at 900 to 950 C. for 1 hr,, then 
cooled in a desiccator, ground to pass a 
No. 100 (149-micron) sieve, and stored. 
Immediately prior to the heat capacity 
determinations, 7 g. of the ZnO so pre- 
pared shall be heated for not more than 
5 min. at 900 to 950 C., cooled to room 
temperature in a desiccator, and weighed 
accurately for introduction into the 
calorimeter (Note). 

Note. — The rate of solution of the zinc oxide 
varies with the preliminary treatment. The 
procedure described results in a product wliich 
dissolves at about the same rate as the dr}’’ 
cement. 

{h) Hydrofluoric Acid (48 per cent). 

(c) Nitric Acid (2.00 iV).— The 2.00 
N HNO3, for use in the calorimeter, shall 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


be prepared and standardized in large 
quantities. Optionally, the diluted 
HNO3 may be made up with 127 ml. of 
HNO3 (sp.gr. 1.42) per liter of solution, 
provided that heat capacity determina- 
tions are made with each batch of diluted 
HNO3 so prepared. 

(d) Wax . — Paraffin wax, or other suit- 
able wax, for sealing vials. 

Procedure for Determining Heat Capac- 
ity of Apparatus 

4, (a) Determine the heat capacity 
of the system (that is, the number of 
calories required to raise the temperature 
of the calorimeter and contents 1 C.) by 
measuring the corrected temperature rise 
obtained by dissolving 7 g. of ignited 
ZnO in the specified acid mixture (Para- 
graphs (h) to (g)). 

(h) Transfer approximately 400 g. of the 

2.00 N HNO3, which has been cooled to 
the temperature indicated by the lower 
range of the Beckmann thermometer 
(ordinarily about 4 to 5 C. below room 
temperature), into the vacuum jar, add 

8.0 ml. of HP (48 per cent), weigh, and 
add sufficient additional 2.00 N HNO3 
to bring the total weight of the solution 
to 425.0 g. Then assemble the calorim- 
eter and start the stirring motor. 
Take care that the stirrer blade does not 
touch the thermometer, the sides of the 
jar, or the cork stopper. The lower end 
of the funnel stem shall extend approxi- 
mately I in. below the lower surface of 
the stopper and at least in. above the 
level of the liquid. After an initial stir- 
ring period of at least 15 min. to allow 
the temperature of the system to become 
uniform, observe and record the tem- 
perature to the nearest 0.001 C. and 
record the time. After a preliminary 
rating period of at least 5 min., again 
observe and record the temperature to 
the nearest 0.001 C., record the time, and 
immediately introduce the prepared ZnO 
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through the funnel at a uniform rate 
(Note 1). Complete the introduction of 
the ZnO in 1 to 2 min. Brush any ZnO 
clinging to the funnel stem into the acid 
mixture by means of a small camel’s-hair 
brash. 

Note 1. — It is assumed throughout that the 
temperature of a sample is identical with that 
of the room when the sample is introduced 
into the calorimeter. 

(c) Make temperature readings every 
minute for the first 5 min. and every 5 
min. thereafter until a constant rate of 
temperature change is attained. When 
the temperature changes occurring dur- 
ing three successive 5-min. interaals do 
not differ by more than 0.001 C. from 
their average expressed to the nearest 
0,001 C., the rate of temperature change 
shall be considered constant. The pe- 
riod from the time the introduction of the 
ZnO is started to the time the rate of 
temperature change becomes constant 
is termed the solution period and should 
last not longer than 30 min. Discard 
determinations in which the solution 
period is more than 30 min. 

{d) The period immediately following 
the solution period is known as the final 
rating period. To correct for heat of 
stirring and the thermal leakage into or 
out of the calorimeter, calculate the 
corrected temperature rise as follows: 

i? = - F, r* + K{o^ Tx - Or rri 

where: 

R = corrected temperature rise in de- 
grees Centigrade, 

Ro = observed temperature rise in de- 
grees Centigrade, 

Vt == rate of temperature change during 
the final rating period in degrees 
Centigrade per S-min, interval, 
Tx == number of 5-min. intervals in the 
solution period, 

K = leakage constant in degrees Centi- 
grade per 5 min. per degree 
temperature difference, fi.nd 


dx and dr — average calorimeter tem- 
peratures during the solution 
and final rating periods, re- 
spectively. 

Calculate the leakage constant, K, as 
follows: 



where: 

Va and Oa — rate of tem|)erature change 
per 5 min. and the average tem- 
perature, respectively, during 
the preliminary rating period. 

Calculate the product 6xTx as follows; 

Ox Tx = 0.1 0i -f 0.2(01 -I- 02 + 0:, 

■+■ 04 + 3 fie) -f- 010 •+• • • • + 0.5 0,1 

where: 

6 = temperature of the calorimeter 

and the sub.scripts indicate the 
time at whicli the tem|:)erature 
was recorded, and 

6i and 6n = initial and final tempera- 
tures, respectively, of the solu- 
tion period. 

(e) Calculate the heat capacity of the 
calorimeter and contents as follows 
(Note 2): 

^ IF(2S6.1 + 0.1(30 - 0 + 0.12(r - /)) 

- 

where: 

C = heat capacity in calories per de- 
gree Centigrade, 

W = weight of ZiiO in grams, 
t = final temperature in degrees Centi- 
grade of the calorimeter, 

T — temperature in degrees Centi- 
grade of the ZnO (room tem- 
perature) when introduced into 
the calorimeter, and 

R = corrected temperature rise in de- 
grees Centigrade. 
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Note 2. — The heat of solution of ZnO is 
256.1 cal. per g. at 30 C. This value increases 
0.1 cal. for each degree decrease in temperature 
below 30 C. The heat capacitj'- of ZnO is 
0.12 cal. per g. The heat required to bring the 
ZnO to the final temperature of the calorimeter 
must be included in the effective heat of solution. 

(/) If more than a trace of ZnO is 
found adhering to the tip of the funnel or 
to the stopper wlien the calorimeter is 
opened, the test shall be rejected. 

(g) Redetermine the heat capacit}^ at 
the following times: 

(i) When the Beckmann thermome- 
ter is reset, 

(3) When a new coating is applied 
to thermometer, stirrer, or flask, 

(3) When a new thermometer, stir- 
rer, or flask is put in service, 

(4) When a new batch of acid is 
used, and 

(5) At other times when, according 
to the judgment of the operator, the 
need is indicated. 

Procedure for Determining Heat of Hy- 
dration 

5. (a) Preparalion oj Cement Paste . — 
Immediately before mi.xing the cement 
paste, the temperature of the cement and 
the water shall be brought to 21 =b 1.7 C. 
Mi.v 150 g. of cement and 60 ml. of dis- 
tilled water by means of a spatula, and 
then vigorously stir the mixture with a 
mechanical stirrer for 5 min. Place ap- 
proximately equal representative por- 
tions of the paste in four or more glass 
vials, filling the vials to within about 1 in. 
of the top. Immediately after filling the 
vials, close them with tight-fitting stop- 
pers inserted far enough into the vials to 
leave a space of at least | in. between the 
top of the stopper and the top end of the 
vial. Fill this space with molten wax to 
further seal the specimens. Store the 
vials in an upright position at 21 ± 1.7 C. 
until the time of test. 

ih) Preparation of Partially Hydrated 
Sample for Heat of Solution Test. — ^At 


the specified age of test, remove a vial of 
the partially hydrated sample from stor- 
age and, during a 15-min. initial stirring 
period of the calorimeter, break the glass 
away from the sample and rapidly crush 
the entire sample with a mortar and 
pestle so that all the material will pass 
through a No. 30 (590-micron) sieve; 
then quickly place the sample in a well- 
stoppered weighing bottle. Take care, 
particularly with the 7-day partially hy- 
drated sample, to expose the sample to 
the air as little as possible, and thus 
minimize the action of CO 2 or the loss of 
moisture from the sample. 

{c) Calorimetric Procedure, Dry Ce- 
ment. — Determine the heat of solution of 
the dry cement sample according to the 
procedure described for the heat capacity 
determination (Section 4), but use a 3-g. 
sample (v;eighed to the nearest 0.001 g.) 
of the dry cement instead of the prepared 
ZnO (see Note 1 under Section 4(6)). 
(As in the case of a sample for chemical 
analysis, great care shall be exercised in 
securing a uniform and representative 
sample.) Calculate and report the re- 
sults on the ignited weight basis (Para- 
graph (e)). Make the heat of solution 
test on the dry cement just prior to the 
test on the corresponding 7-day partially 
hydrated sample. 

(d) Calorimetric Procedure, Partially 
Hydrated Sample. — For the heat of solu- 
tion of the partially hydrated sample, 
follow the same procedure as for the dry 
cement described in Paragraph (c), but 
use a 4.18 ± 0.05 g. calorimetric sample 
of the partially hydrated cement, weighed 
to the nearest 0.001 g. (see Note 1 under 
Section 4(6)). Calculate the results on 
the ignited basis. 

(e) Loss on Ignition. — At the same 
time the calorimetric sample is being 
weighed out, weigh a sample of similar 
amount into a platinum crucible for de- 
termination of loss on ignition. Ignite 
the drj’' cement at 900 to 950 C. for at 
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least If hr. Immediately place the cru- 
cible containing the sample in a desic- 
cator and allow to cool to room tempera- 
ture; then quickty weigh the sample. 
When determining the loss on ignition of 
the hydrated cement, first dry the 
weighed sample in an oven at 100 to 110 
C. for 1 hr.; then place the sample in a 
mufiie furnace at 900 to 950 C. overnight, 
or over a suitable burner for not less than 
5 hr. Reduce the weight of the cement 
sample that was introduced into the 
calorimeter to the ignited w’’eight basis for 
use in the final calculations as follows: 

Wi - § X W 

D 

where: 

Wi = weight of calorimetric sample in 
grams, on ignited basis, 

A “ weight of ignited sample, 
i? == weight of sample before ignition, 
and 

W = weight of calorimetric sample. 
Calculations 

6. (a) Heat of Solution of Dry Cement. 
— Detemiine the heat of stirring and the 
thermal leakage correction and apply 
those corrections to the observed tem- 
perature rise, exactly as described in the 
heat capacity determination (Section 4). 
Also, correct the heat of solution value if 
the final calorimeter temperature of the 
heat of solution test is different from the 
temperature of the calorimetric sample 
when introduced. Thus, for the dry 
cement, which has a specific heat of 
approximately ,0.2 cal, if the final 
calorimeter temperature exceeds the tem- 
perature of the cement sample at the time 
it was introduced, add a correction of 0.2 
cal. per g. per degree Centigrade differ- 
ence in those temperatures when calcu- 
lating the heat of solution. Calculate 
the heat of solution of the dry cement as 
follows: 9 


~ - 0.2(T - iA 

where: 

Hi = heat of solution of dry cement in 
calories per gram, 

R = corrected temperature rise in de- 
grees Centigrade, 

C — heat capacity in calories per degree 
Centigrade, 

Wi = weight of sample in grams on 
ignited basis, 

T == room temperature in degrees Cen- 
tigrade, when sample is intro- 
duced, and 

td — final calorimeter temperature in 
degrees Centigrade at end of 
determination on city cement. 
(Jb) Heat of Solution of Partially 
Hydrated Safnple . — Calculate the heat 
of solution of the partially hydrated 
sample in the same way as for the dry 
cement (Paragraph (a)), except make 
additional corrections, as follows: 

(J) Since an increase of 1 C. in the 
temperature at which the heat of solu- 
tion test occurs causes a decrease of ap- 
proximately 0.3 cal. per g. in the heat of 
solution, if the temperature of the heat of 
solution test of the partially hydrated 
sample exceeds the temperature of the 
dry cement determination, a correction 
of 0,3 cal. per g. per degree Centigrade 
difference in temperature shall be added 
to the heat of solution value obtained for 
the partially hydrated sample. 

(2) Also, correct the heat of solution 
value if the final calorimeter temperature 
of the solution test is different from the 
temperature of the calorimetric sample 
when introduced. Thus, for the parti- 
ally hydrated sample, which has a spe- 
cific heat of approximately 0.4 cal, per 
gram of ignited cement, if the final 
calorimeter temperature exceeds the tem- 
perature of the sample at the time it was 
introduced, add a correction of 0 ,4 cal. per 
gram of the ignited cement per degree 
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Centigrade difference in those tempera- 
tures when calculating the heat of solu- 
tion. 

Calculate the heat of solution of the 
partially hydrated sample as follows: 

iJa = - 0.4(r - fd - Q.3{k - h) 

where : 

J /2 = heat of solution of partially hy- 
drated sample in calories per 
gram, 

R, C, Wi, T, and k = the same as in 
Paragraph (a), and 

tk ~ final calorimeter temperature in 
degrees Centigrade at end of 
determination on partially hy- 
drated sample. 

(c) Heal of Hydralion.—CalcuMe the 
heat of hydration of the cement to the 
nearest calorie, as follows; 

Ih « Ih - IH 


where: 

Hh = heat of hydration, in calories per 
gram of ignited cement, 

Hi = heat of solution of the dry cement 
(Paragraph (a)), and 
Hz — heat of solution of the partially 
hydrated sample (Paragraph 
ib)). 

(d) Final Temperature Correction , — 
A final calorimeter temperature of 25 C. 
shaU be considered as the basis to which 
the heat of hydration shall be referred, 
and the effects of variation in that tem- 
perature should be kept in mind when 
considering test results. An increase in 
the final temperature raises the heat 
of hydration approximately 0.1 cal. 
per deg. Cent, per gram of ignited ce- 
ment. For example, if the final tempera- 
ture is 27 C., 0.2 cal. should be subtracted 
from the observed heat of hydration in 
order to refer the results to 25 C. In 
borderline cases, proper correction shall 
be made for the effects of final calorimeter 
temperature. 


Tentative Methods of 

PHYSICAL TESTING OF QUICKLIME AND HYDRATED LIME^ 



A.S.T.M. Designation: C 110-38 T 
Issued, 1934; Revised, 1938.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These methods cover physical tests 
for quicklime and hydrated lime. 

Residue 

Apparatus 

2. The sieves used shall conform to 
the requirements of the Standard Specifi- 
cations for Sieves for Testing Purposes 
(A.S.T.M. Designation: Ell) of the 
American Society for Testing Materials.^ 

Residue of Quicklime 

3. A representative 2|-kg. (5-lb.) sam- 
ple of the quicklime shall be selected. 
Lime selected for this test shall be 
broken so as to entirely pass a 1-in. 
ring and be retained on a J-in. sieve. 
Pulverized lime shall be tested as re- 
ceived, The sample shall be placed in 
a box of wood or of some material of 
similarly low thermal conductivity, and 
slaked by an experienced operator with 
sufficient water at 70 to 80 F. (21 to 


> Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-7 on Lime. 

2 Revision accepted by the Society at annual meeting, 
June, 1938. Editorially revised in 1939 and 1942. 

s Appears in this publication, see Contents ii^umeric 
Sequence of iV.S.T.M. Designations at front of book. 


27 C.) to produce the maximum quan- 
tity of lime putty, care being taken to 
avoid “burning’' or “drowning” the 
lime. It .shall be allowed to stand for 
1 hr. and then washed through a No. 
20 (840-micron) sieve by a stream of 
water having a moderate pressure. No 
material shall be rubbed through the 
sieve. The washing shall be continued 
until the residue on the screen appears 
to consist entirely of coarse particles, 
but in no case shall the washing be con- 
tinued for more than v30 min. The resi- 
due shall be dried to constant weight at 
a temperature of 212 to 225 F, (100 to 
107 C.) and the percentage residue cal- 
culated, based on the original weight of 
the sample. 

Residue of Hydrated Lime 

4. A 100-g. sample of the hydrated 
lime as received shall be selected and 
placed on a No. 30 (590-micron) sieve, 
which shall be nested above a No. 200 
(74-micron) sieve. The material shall 
be washed through the sieves by means 
of a stream of water from a faucet. A 
piece of rubber tubing attached to the 
water faucet shall be used for the wash- 
ing. The velocity of the water may be 
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increased by pinching the tubing, but 
shall not be sufficient to cause any 
splashing of the sample over the sides 
of the sieve. The washing shall be 
continued until the water coming 
through the sieve is clear, but in no 
case shall the washing be continued for 
more than 30 min. Care shall be taken 
not to let water accumulate on the No. 
200 (74-micron) sieve, because the open- 
ings will become clogged and the opera- 
tion cannot be completed in 30 min. 
The residues on both sieves shall be 
dried to constant weight in an atmos- 
phere free from carbon dioxide at a 
temperature between 212 and 248 F. 
(100 and 120 C.). The percentage resi- 
due retained on each sieve shall be cal- 
culated, based on the original weight of 
the sample. The weight of the material 
retained on the No. 30 (590-micron) sieve 
shall be added to the weight of the ma- 
terial retained on the No. 200 (74- 
micron) sieve to obtain the correct 
weight of the material retained on the 
No. 200 (74-micron) sieve. 

Standard Consistency of Lime 
Putty 

Apparatus 

5. (a) Modified Vicat Apparatus . — 
The modified Vicat apparatus .shall be 
used. The apparatus, constructed as 
shown in Fig. 1, shall consist of a 
bracket, /I, bearing a movable brass rod, 
6.3 mm. in diameter and of suitable 
length to fit the Vicat bracket. A 
plunger, C, 12.5 mm. in diameter, made 
of aluminum tubing, shall be attached 
to the lower end of the rod. The total 
weight of the rod with plunger shall be 
30 g. The lower end of the plunger 
shall be closed without shoulders or 
curvature and the tube may be loaded 
with shot to the specified weight. The 
total weight required may also be ob- 
tained by means of a weight, D, screwed 


into the rod. The rod can be held in 
any position by means of a screw, E, 
and has a mark midway between the 
end which moves under a scale, F, 
graduated in millimeters, attached to 
the bracket, A. 



(b) Mold . — The conical ring mold 
shall be made of a noncorroding, non- 
absorbent material, and shall have an 
inside diameter of 7 cm. at the base and 
6 cm. at the top, and a height of 4 cm. 

(c) Base Plate . — The base plate for 
supporting the ring mold shall be of 
plate glass and about 10 cm. square. 

Standard Consistency Determination 

6. (a) Procedure . — Standard consist- 
ency of lime putty shall be measured as 
follows^ About 300 g. of hydrated lime 
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shall be mixed with sufl5.cient water to 
form a thick putty and stirred with a 
trowel or spatula for 2 or 3 min. to insure 
intimate mixing. After aging in a vessel 
covered with a damp cloth for not less 
than 16 nor more than 24 hr., this putty 


ring mold resting on the plate, shall then 
be centered under the rod of the modi- 
fied Vicat apparatus, Fig. 1. The 
plunger end, C, shall then be brought 
in contact with the surface of the lime 
putty and an initial reading taken. The 



Fig. 2. — Eniley Plasticimeter. 

Constants of the Machine : 

Absorption of porcelain base plate. — Minimum of 40 g. in 24 hr. For rate of absorption of base 
plates, sec Section 9, 

Dimension of base plate. — 1 in. in thickness by 4 in. in diameter. 

Dmicnsions of disk. — in. in thickness by 3 in. in diameter. 

Speed of vertical shaft. — One revolution in 6 min., 40 sec. 

Upivard movement of base plate. — A in. per revolution. 

Torque on disk when hob reading is 100. — 14,400 g.cra. 


shall again be stirred for 2 or 3 min. 
and a sufficient quantity placed in the 
ring mold resting on the glass base 
plate. The mold shall be placed with 
its larger end resting on the base plate 
and, after filling, the lime putty shall 
be struck off flush with the top of the 
mold. The lime putty, confined in the 


rod shall then be released and the final 
reading shall be taken 30 sec. after the 
plunger is released. 

(b) Standard Consistency . — The lime 
putty shall be of standard consistency 
when a penetration of 20 mm, is ob- 
tained in 30 sec. A permissible varia- 
tion of plus or minus S mm. is allowed 
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in preparing the sample for the plasticity 
determination described in Section 7. 

(c) If the penetration is less than 
standard, the sample may be removed 
from the mold, combined with the orig- 
inal aged putty, the whole mixed with 
more water, stirred for 2 or 3 min., and 
a suitable quantity retested. If the 
penetration is more than standard, the 
sample shall be discarded and a new 
one prepared. 

Plasticity of Lime Putty 
Plasticity Determination 

7. (a) The plasticity of lime putty 
shall be determined by means of the 
apparatus shown in Fig. 2. A ring 
mold such as is described in Section 5 (6) 
shall be lubricated with a thin film of 
water, placed on a porcelain base plate 
(see Sections 9 and 10), filled with the 
paste which has been adjusted to stand- 
ard consistency as described in Section 6, 
and struck off level. The mold shall 
be removed by raising it vertically 
without distorting the paste. The base 
plate and paste shall be centered in the 
instrument and the carriage turned up 
by hand until the surface of the paste 
is in contact with the disk and the dis- 
tance between the disk and the top of 
the base plate is 32 mm. (1| in,). The 
carriage shall then be thrown into gear 
and the motor started. It is essential 
that the motor shall be started exactly 
120 sec. after the first portion of the 
paste has been placed in the mold. The 
time when the first portion of paste is 
placed in the mold shall be recorded as 
zero time; the motor is therefore started 
at 2 min. Care shall be taken to pro- 
tect the specimen from drafts during 
fihe test. 

(b) The scale reading shall be re- 
corded every minute until the test is 
completed. The test shall be considered 
complete when; 


(1) the scale reading reaches 100, 

(2) any reading is less than the one 
before, or 

(3) the scale reading remains constant 
for three consecutive readings (2 min.) 
and the specimen has visibly ruptured 
or broken loose from the base plate. 

The time and the scale reading at the 
end of the test shall be noted. 

Calculation 

8. The plasticity figure shall be cal- 
culated from the following formula: 

p = Vp^ + (ior)2 

where: 

P = plasticity figure, 

F = scale reading at the end of the 
test, and 

T = time in minutes from the time 
when the first portion of paste 
was put in the mold to the 
end of the test. 

Cleaning and Care of Base Plates 

9. In making plasticity determina- 
tions much of the success attainable 
depends upon the condition of base 
plates. Continued use of the plates 
without proper cleaning results in clog- 
ging of the pores, with reduction in the 
rate of absorption. After a plate has 
been used, the excess lime shall be wiped 
off and the plate immersed in clear 
water for not less than 2 hr., after which 
it shall be transferred without drying 
to a diluted solution of HCl (1 : 9) where 
it shall be kept immersed for another 
2 hr. It shall then be transferred to a 
receptacle containing running water for 
at least 1 hr. The plate is then free of 
acid and, after the removal of excess 
water, shall be placed in an oven over- 
night at a temperature of between 212 
and 230 F. (100 and 110 C.) for drying. 
Before using, the plate shall be cooled 
to room temperature. 
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Absorption of Plasticimeter Base Plates 

10. (a) Total Absorption, — Plasticim- 
eter base plates when immersed in water 
at room temperature for a period of 24 
hr. shall absorb not less than 40 g. of 
water. Before making the determina- 
tion the plates shall be dried overnight 
in an oven at a temperature of between 
212 and 230 F. (100 and HOC.) and 
permitted to cool to room temperature. 
After immersion and before weighing, 
the excess water shall be wiped off with 
a damp cloth. 

(6) Rate of Absorption .^ — When tested 
over an area 2f in. in diameter the 
water absorbed shall be in accordance 
with the following: 

Water .Absorbed, ml. 


First minute 8 to 14 

Second minute 5 to 7i 

Third minute 4 to 6^ 

Fourth minute 4 to 6 

Fifth minute Ss to S i 


Soundness 

Soundness 

11. Soundness of hydrated lime shall 
be determined as follows; 

To 20 g. of the sample, 100 g. of stand- 
ard Ottawa sand shall be added, mixed 
thoroughly, and enough tvater added to 
the mixture to make a good plastic mor- 
tar of rather dry consistency. This shall 
be spread on a clean glass plate to form 


* A convenient apparatus for determining the rate of 
absorption consists of a burette sealed onto an inverted 
glass funnel from which the stem has been removed. The 
diameter of the larger end of the funnel shall be ground 
so as to be 25;f in. in internal diameter. The funnel may- 
be attached to the plate on which the measurement is 
being made by melted paraffin. The paraffin should not 
be too hot. A little e,xperience will indicate ■\vhen it is of 
the proper consistency. 


a layer about | in. in thickness by 4 in. 
square. The pat shall be of even thick- 
ness throughout and not tapering at the 
edges. If the mortar is too dry to work 
well, more water may be added. The 
pat shall be placed in a closet for 24 hr. 
The temperature in the closet shall be 
between 65 and 75 F. (18 and 24 C.), and 
there shall be free circulation of air but 
no direct draft striking the pat. The 
pat shall then be soaked in water until a 
film of w'ater stands imabsorbed on the 
surface of the pat. If the pat has 
cracked, the consistency of the mortar 
was too wet and a new pat must be 
made. Two or three pats made at the 
same time from mortars of slightly dif- 
ferent consistencies will avoid delays. 

Twenty grams of the sample shall be 
mixed with enough water to form a 
thick cream. This shall be spread in a 
thin layer on the surface of the pat. 
It shall be allowed to stand for 15 min. 
to permit air bubbles to form. It shall 
be troweled to an even surface, making 
this skim coat as thin as possible with- 
out allowing the sand to show through. 
The pat shall be put in the closet, under 
the conditions specified above, for 24 
hr. It shall be examined carefully to see 
that there are no cracks or pops. The 
pat shall be suspended in a vessel par- 
tially filled with cold water, in such a 
way that the water can boil without 
touching the pat. The water shall be 
brought gradually to boiling and kept 
boiling gently for 5 hr., the pat being 
surrounded by steam during this time. 
The water shall then be permitted to 
cool for at least 12 hr. The pat sluill 
then be removed and examined. 
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Run-of-Kiln Quicklime. — Quicklime as 
drawn or discharged from a kiln. 
Quicklime Sizes. — Quicklime may be 
obtained in different sizes depending 
upon the type of limestone, kind of kiln 
used, or treatment subsequent to cal- 
cining. The sizes commonly recognized 
are as follows: 

(a) Large Lunip . — 8 in. and smaller. 

(b) Pebble or Crushed. — 2|- in, and 
smaller. 

(c) Ground, Screened, or Granular . — 
■| in. and smaller. 

' Under the standardization procedure ot the Society, 
these definitions are under the jurisdiction of the A.S.T.M. 
Committee C-7 on Lime. 

s -Accepted by the Society at annual meetins, June, 
1944. 


(d) Pulverized . — Substantially all pass- 
ing a No. 20 (840-micron) sieve. 

Hydraulic Hydrated Lime. — ^The hydrated 
dry cementitious product obtained by 
calcining a limestone containing silica 
and alumina to a temperature short of 
incipient fusion so as to form sufficient 
free calcium oxide to permit hydration 
and at the same time leaving unhydrated 
sufficient calcium silicates to give the dry 
powder its hydraulic properties. 

High-Calcium Hydraulic Hydrated Lime. 
— L. hydraulic hydrated lime that con- 
tains not more than 5 per cent magnesium 
oxide (nonvolatile basis). 

High-Magnesium Hydraulic Hydrated Lime; 
— A hydraulic hydrated lime that contains 
more than 5 per cent magnesium o.xide 
(nonvolative basis). 


1243 



Tentative Definitions of 
TERMS RELATING TO GYPSUM^ 



A.S.T.M. Designation: C 11 -41 T 
Issued, 1916; Revised, 1921, 1925, 1926, 1928, 1929, 1931, 1940, 1941.2 
This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
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Aggregate. — Any inert material used as a 
filler in stucco, plaster, mortar, concrete, 
etc,, without regard to its function as a 
binding material. 

Consistency.' — A property of a material 
determined by the complete flow-force 
relation. 

Gypsum Concrete. — A combination of ag- 
gregate or aggregates with gypsum as a 
binding medium, which after mixing 
solidifies into a conglomerate mass. 


1 Under the standardization procedure of the Society, 
these definitions are under the jurisdiction of the A.S.T.M. 
Committee C-Il on Gypsum 

2 These definitions, when adopted as standard, will 
be added to the present Standard Definitions of Terms 
Relating to Gypsum (A.S.T.M. Designation; C 11 -41), 
which appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Gypsum Fiber Concrete. — Gypsum con- 
crete in which the aggregate can.sist.s of 
shavings or chips of wood. 

Perforated Gypsum Lath.-- A gypsum lath 

with perforations not less than in. in 
diameter, with one perforation for not 
more than each 16 sq. in. of lath. . 

Plasticity. — h. comple.x property of a mate- 
rial, involving a comljination of the 
properties of mobility and of yield value. 

Note. — A plastic material is distinct from 
a solid material in that it possesses mobility. 
It is distinct from a lluid material in that it 
requires a measurable force (yield value) 
to start flow. 
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Scope 

1. These specifications cover ceramic 
glazed® brick and ceramic glazed struc- 
tural clay tile of cla}- , shale, fire clay or 
mktures thereof, with or without the 
addition of grog or other admixtures. 
Salt glazed ware is not covered by these 
specifications. Two grades and two 
types of glazed masonry units are cov- 
ered, as follows: 

Grade S (select ). — For use with mortar 
joints I in. in thickness. 

Grade G (ground ). — For use where 
variation of face dimensions must be 
very small, 

T'ype I (single-faced units ). — For gen- 
eral use where only one finished face 
will be exposed. 

Type 11 (two-faced units ). — For use 
where two opposite finished faces will 
be exposed. 

Basis of Purchase 

2. Orders for material under these 
specifications shall include the following 
information: 

1 Under the standardr.’.atson procedure of the Society, 
these specifications are untier tiie jurisdiction of the A.S. 
T.M. Committee C-IS on lilanufactured Masonry Units. 

* Latest revision accepted by the Society at annual 
meeting, June, 1941. 

Ceramic gltixed units have a glossy or satin-matt 
finish of either an opaque or cle.ar glaze, produced by the 
application of a coating prior to firing and subsequently 
made vitreous by firing. 


(o) Grade . — When the grade is not 
specified, the requirements for grade 
S shall govern. 

(b) Type . — When the type is not 
specified, the requirements for type I 
shall govern. 

(c) 51265.-— The sizes shall be specified 
in accordance with Section 8. 

(d) Color and Texture of Finish . — 
The color and texture of the finish shall 
be specified in accordance with Section 7, 

(e) Exposure . — When units are not 
specified for outdoor exposure, they 
need not conform to the absorption 
requirements of Section 5. 

(f) Scoring . — ^When plaster is to be 
applied to the backs of the units, scored 
surfaces shall be specified as prescribed 
in Section 12. 

(g) Coring . — Unless otherwise speci- 
fied, either standard or heavy-duty 
units as prescribed in Section 13 may 
be furnished. 

Description of Units 

3. (a) Solid Units . — Solid units are 
not perforated. 

(b) Mtdticored Units . — Multicored 
units are cored (perforated), the holes 
or perforations being within the perime- 
ters of the exterior shells and each hole 
having either a minimum dimension of 
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I in. or a cross-sectional area of less 
than 1 sq. in. 

(c) Hollow Units . — ^Hollow units con- 
tain cehs which are hollow spaces en- 
closed within the perimeter of the ex- 
terior shells and having a minimum 
dimension of not less than | in. and a 
cross-sectional area of not less than 1 
sq. in. 

Compressive Strength 

4. The compressive strengths (based 
on gross area) of the units shall be not 
less than the values prescribed in Table 

I. 


TABLE I.-COMPRESSIVE STRENGTHS OF UNITS. 


Direction of Coring 

Minimum 
Average 
for Five 
Units, psi. 

Individual 
Minimum, 
One Unit, 
psi. 

Vertical 

3 000 

2S00 

Horiunritnl 

2 000 

1500 



Absorption 

5. When units are specified by the pur- 
chaser for use where exposed to the 
weather or soil, the average absoqition 
by 24-hr, submersion in cold water shall 
not exceed 5 per cent and the absorption 
of any single unit shall not exceed 7 
per cent; percentages being based on the 
original dry weight of the units. 

Properties of Finish 

6. (a) Imperviousness . — No stain shall 
remain on the surface after the imper- 
viousness test, except a slight discolora- 
tion in the depressions on matt, stippled, 
or mottled finishes. 

(6) Opacity . — Discoloration of the 
body shall not be visible through an 
opaque glaze in the opacity test. Clear 
glazes and special decorative glazes shall 
not be required to meet this require- 
ment. 

(c) Resistance to Fading . — The color 
of the glaze shall not change nn the 


fading test. Finishes of metallic or 
special decorative glazes shall not be 
required to meet this requirement. 

(d) Resistance to Crazing . — The glaze 
shall not craze, spall, or crack when sub- 
jected to one cycle of autoclaving in the 
crazing test. 

Color and Texture 

7. The color and texture of the fin- 
ished surfaces of the units shall be as 
specified and shall conform to an ap- 
proved reference sample. The refer- 


TABLE 11.— SIZES OF SINGLE-FACED UNITS. 


Standard Face Dimensions 

Standard Thicknesses, 

Height, in. 

Length, in. 

2H 

8 

iht or 3>s 

sVs 

8 

19.1 or 3J.,s 

5 

8 

I'a. -Vk or 8 

S 

12 

19;i , SVb. Sl'i or 8 

8 ! 

12 

l®4or 3N 

S 

16M 

19ior3N 


ence sample shall consist of five stretcher 
units representing the ranges of shade 
and texture. 

Sizes 

8. The units shall be of the sizes 
and shapes specified (Note). 

Note. — ^The sizes shown in Table II are 
standard in the industry for single-faced units 
(type I). Two-faced units (type II) of the 
same face dimensions as units of type I are 
standard in the industiy in 3s-in. thickness 
only. 

Number of Cells 

9. (a) Units ma}^ be solid, multi- 
cored, or hollow. Requirements as to 
number of cells shall apply to hollow 
units only (Section 3 (c)). Hollow units 
of 6-in. and S-in. thickness shall have not 
less than two cells or rows of cells across 
the thickness of the unit. 

(&) Double-shell tile shall be con- 
sidered as having one additional cell 
across the thickness of the unit if either: 
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(i) The width of the voids withm other shells of horizontal cell hollow 


each of the two double shells of the 
tile is not less than J in., or 

(2) The combined thickness of the 
inner and outer shells on each side of 
the tile is not less than 1 in. 

(c) The face shells of single-shell 
tile with multicored or solid face shells 
at least 1-| in. in thickness on both 
sides of the tile shall be considered as 
one additional cell in wall thickness, 
provided the volume of the holes in 
multicored shells does not exceed 35 per 
cent of the gross volume of the face shell 
and the minimum distance from the 
perimeter of any hole to either side of the 
shell is not less than f in. 


TABLE III. -TOLERANCES ON FACE DIMENSIONS. 



'• Si^e (if lot -Imll be rli terinined by agreement between 
the purchaser and the Eeller. 


Shell and Web Thickness 

10. (fl) The minimum distance from 
the perimeter of any hole to the outer 
surface of the shell of multicored units 
shall be not less than f in. 

(b) The average over-all thickness of 
the shells of vertical cell hollow units, 
measured between the inner and ex- 
treme outer surfaces, shall be not less 
than I in. The thickness of webs shall 
be not less than §• in. 

(c) The average over-all thickness of 
the face shells of horizontal cell hollow 
units, measured between the inner and 
extreme outer surfaces, shall be not less 
than f in. The least thickness of the 


units and the thickness of the webs 
shall be not less than ^ in. 

(d) The horizontal width of any ceU 
in horizontal cell hollow units shall not 
exceed 4| times the average over-all 
thickness of either the upper or lower 
bearing shells. 

Tolerances on Dimensions 

11. (a) The dimensions of the faces 
of units of t3Tpes I and II shall not 
differ from those specified by more than 
the amounts given in Table III. 

{b) The thicknesses (measured per- 
pendicular to face of wall as laid) of 
units of grades S and G shall not differ 


TABLE IV .-TOLERANCES ON THICKNESS OF 
UNITS. 


Standard 

Thickness, 

Maximum Permis- 
sible Variation, 
plus or minus, 
from Standard 
Thickness, in. 

Maximum Permis- 
sible Variation in 
Thickness Largest to 
Smallest of Units 
in One Lot,*® in. 


Type I Type 11 

Type I Type II 



y 

Vs 

3% 

Va 


■SVa 

8 




® Size of lot shall be determiaed by agreement between 
the purchaser and the seller. 


from those specified by more than the 
amounts given in Table IV. 

(c) Distortions of the face or of the 
edge of a face from a straight line, when 
measured as the maximum ordinate from 
the line to the face or the edge, shall 
not exceed the amounts given in Table 
V. 

(d) Tolerances for units having dimen- 
sions not listed in Tables III, IV, and V 
shall be the same as for the next larger 
standard dimension. 

Scoring 

12. When scored-back units are speci- 
fied, each groove shall be not less than 

nor more than | in. in depth, nor more 
thfl.n I in. in width. The area covered 
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by the grooves shall not exceed 50 per 
cent of the area of the scored faces. 

Coring 

13. When heavy-duty units are speci- 
fied, the units may be either solid or 
cored. If cored, the volume of the 
holes shall not exceed the values given 
in Table VI. 

Workmanship 

14. (a) The body of the units shall 
be free from cracks or other imperfec- 


T.-^BLE V.— PERMISSIBLE DISTORTIONS OF FACE 
AND EDGE OF FACE. 


Standard Face Dimensions, 


Ma.’cimuni Ordinate 
From a Straight 



Grade S 

Grade G 

2M by 8 ! 

3 -- 


3^1 by 8 

it 

'A 

5 by 8 


,S by 12 



8 by 12 i 



8 by lf)M 






TABLE VI.-CORING OF HEAVY-DUTY UNITS. 


Standard Thickness of Unit, 

Maximum Coring, 

in. 

per cent" 

SVs 

25 

sQ 

35 

8 

35 


“ Calculated as 100 times the volume of the holes made 
by coring divided by the gross volume of the units. 


tions which would impair the strength 
or durability of the masonry. 

(6) The finished face (one face) of 
stretcher units and the finished faces of 
shapes that will be exposed when in 
place shall be covered with a ceramic 
glaze (opaque or clear) of uniform 
quality. The glaze shall be free from 
chips, crazes, blisters, crawling, or other 
imperfections visible at a distance of 5 ft. 

Inspection 

15. Facilities shall be provided the 
purchaser for sampling and inspection 
at either the place of manufaclfure or 


the site of the construction, as specified 
by the purchaser. At least ten days 
from the time of sampling shall be al- 
lowed for completion of the tests. 

Test Specimens 

16. Specimens of whole units shall be 
selected b)'' the purchaser or his repre- 
sentatives at the place or places desig- 
nated in the purchase order. Eight 
stretcher units shall l)e tested for a lot 
of 10,000 units or fraction thereof; for 
larger lots, five additional .specimens 
shall be tested for each 30,000 units or 
fraction thereof. Other representative 
samples ma)'- be taken at any time or 
place at the discretion of the purchaser. 
When less than 1,000 units of tlie same 
size, shape and finish are ordered, tests 
of these units shall not be required. 

Methods of Test 

17. (a) Cofn-pressive Strenph Test . — 
Compressive strength tests shall be 
made on three specimens in accordance 
with Sections 9, 10, 11, and 12 of the 
Standard Methods of Sampling and 
Testing Brick (A.S.T.M. Designation: 
C 67).'^ Specimens used in the crazing 
test (Paragraph {()) shall not be used 
in tlie compressive strength test. When 
the same three specimens are to be sub- 
jected to both absorption and compres- 
sive strength tests, they shall be dried 
to constant weight before subjecting 
them to the compreE^sion test. 

(b) Absorption Test. — The absorp- 
tion test shall be made on three whole 
specimens or on three pieces cut or 
sawed from the three specimens, each 
containing not less than 16 sq. in. of 
glazed surface and of the thickness of 
the body. When the same three speci- 
mens are to be subjected to both absorp- 
tion and crazing tests (Paragraph (/)), 
the absorption test shall be made first. 
The absorption test shall be made in 

■< Appears in this publication, sec Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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accordance with Sections 15 and 16 of 
A.S.T.M. Methods C 67. 

(c) Imperviousness Test. — Blue-black 
fountain pen ink shall be applied liber- 
ally to the glazed surface and allowed 
to remain for 5 min. The surface shall 
then be washed with a wet cloth and 
running water, and examined for stain- 
ing of the finish. 

(d) Opacity Test. — Blue-black foun- 
tain pen ink shall be applied liberally to 
the body along a 2-in. length of the 
edge of the finished face. After 5 min., 
the finish shall be examined for opacity. 
When the same specimens are to be sub- 
jected to both opacity and crazing tests 
(Paragraph (/)), the opacity test shall 
be made first, 

(e) Fading Test . — A portion of the 
glazed surface of two of the specimens 
shall be submerged in a 10 per cent 
solution of hydrochloric acid for 3 hr. 
The solution shall be maintained at a 
temperature of 60 to 80 F. (15 to 27 C.). 
The finishes shall then be rinsed, dried, 
and examined for change of color. 

(/) Crazing Test . — The crazing test 
shall be made on three whole dry units 
previously tested for imperviousness of 
finish (Paragraph (a)). Specimens sub- 
jected to the fading test (Paragraph 
(i?)) shall not be used. The autoclave 
shall be of sufficient capacity to contain 


all the specimens of the same texture, 
color, and size. The apparatus shall 
be equipped with a safety valve, a blow- 
off valve, a thermometer, and a pressure 
gage accurate within 2 per cent of the 
scale range, and a heater or other means 
for creating and maintaining steam pres- 
sure within the autoclave. The speci- 
mens shall be placed above the water in 
the autoclave at room temperature. 
After fastening the autoclave head in 
place, the water in the bottom shall be 
heated or saturated steam shall be ad- 
mitted slowly. The blowoff valve shall be 
kept open until steam escapes and most 
of the air has been expelled. After 
closing the blowoff valve, the steam 
pressure shall be increased at such a rate 
that it reaches 150 psi. in f to 1 hr. A 
constant pressure of 150 ± 5 psi. with 
saturated steam shall be maintained for 
an additional hour. The blowoff valve 
shall then be opened slightly and the 
steam allowed to escape at a rate to be 
fully released in from 15 to 30 min. The 
autoclave head shall be loosened, but not 
removed, and the specimens permitted 
to cool gradually to a temperature not 
exceeding 120 F. in a period not less than 
3 hr. The specimens shall then be re- 
moved and blue-black fountain pen ink 
rubbed upon the glazed surfaces to aid in 
the detection and examination of failures. 



Tentative Specifications for 

VITRIFIED CLAY FILTER BLOCK FOR TRICKLING 
FILTERS' 



A.S.T.M. Designation: C 159 - 41 T 
Issued, 1941. * 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2 , Pa. 


Scope 

1. (a) These specifications cover vitri- 
fied clay filter block made from clay or 
shale or mixtures thereof. Two types of 
filter block are covered, as follows: 

Type I . — A one-piece filter block 
suitable for use in constructing a single- 
course trickling filter floor, which 
provides continuous drainage channels 
or ducts through the lower portion of 
the block for the conveyance of 
liquids from the filter bed and drain- 
age and aeration grilles in the upper 
portion of the block for the passage of 
liquids from, and air into the filtering 
media. 

Type II . — A two-piece filter block 
suitable for use in constructing a two- 
course trickling filter floor, which pro- 
vides drainage and aeration. When 
placed or assembled, a course of the 
lower pieces or units forms continuous 
drainage channels or ducts for the con- 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-IS on Manufactured Masonry 
Units. • 

* Accepted by the Society at annual meeting, June, 1941 . 


veyance of liquids from the filter bed 
and for the passage of air into the filter 
bed. An assembly of the upper units 
forms drainage and aeration grilles for 
the passage of liquids from, and air 
into the filtering media. 

{h) The purchaser should specify the 
type or types of block desired. 
Compressive Strength 

2. The average compressive strength 
of five filter block shall be not less than 
600 psi., based on the gross area of the 
block, with the load applied in the same 
direction as in service. No individual 
block shall have a compressive strength 
of less than 500 psi. 

Absorption 

3. The average water absorption of 
five filter block, by 1-hr. submersion in 
boiling water, shall not exceed 6 per cent 
of the dry weight of the block. 

Shape 

4. (a) Type I filter block shall be of 
tlie self-spacing type and shall be rec- 
tangular in plan, as laid When placed 
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in parallel rows on the subfloor of the 
filter bed, the cells in a single course of 
type I filter block shall form continuous 
drainage ducts, and the apertures or 
slots shall provide for drainage and aera- 
tion of the filter media. 

(b) Both the units for the lower or 
drainage course and the units for the 
upper or aeration course of type II filter 
block shall be of the self-spacing type 
and shall be rectangular in plan, as laid. 
When placed in parallel rows on the sub- 
floor of the filter bed, the lower units 
shall form continuous drainage channels. 
The upper units, when laid in parallel 
rows on the lower units, shall provide for 
drainage and aeration of the filter media. 

Permissible Variations in Dimensions 

5. The length, width, or height of a 
filter block shall not vary by more than 
I in. per ft. over or under the nominal 
dimension. 

Apertures 

6. (a) Apertures in the top of type I 
filter block shall be not more than 1| 
in. in width, but may vary in length. 
The aperture area shall be not less than 
20 per cent of the top area of the filter 
block when in position of use. 

(6) Apertures in the top or aeration 
course of type II filter block shall be not 
more than 1| in. in width, but may vary 
in length. The aperture area shall be 
not less than 40 per cent of the top area 
of the block when in position of use. 

Shell and Web Thickness 

7. (a) The exterior walls (shells) of 
type I filter block shall be not less than 
Ye in. in thickness and the interior webs 
shah be not less than j in. in thickness. 

(6) The exterior walls (shells) and the 
interior webs and struts of the type II 
filter block comprising the lower or 
drainage course shall be not less than 


in. in thickness. The exterior walls 
(shells) and the longitudinal webs of the 
type II filter block comprising the top 
or aeration course shall be not less than 

in. in thickness. Stiffening webs, for 
stiffening the longitudinal webs, shall be 
not less than ^ in. in thickness. 

Workmanship and Finish 

8. {a) Filter block may be either 
glazed or not glazed, unless othenvise 
specified in the purchase order. 

(b) The lower bearing surface of filter 
block shall not vary from a plane by 
more than I in. per ft. of the greatest 
length or width of the block. 

(c) All filter block shall be well burned 
and substantially free of laminations and 
fractures. All block shall be free of 
cracks exceeding 2 in. in length, of chips 
exceeding 2 by 1 by in, in dimensions, 
and of blisters exceeding 2 in. in diameter 
and projecting more than | in. above the 
normal surface. 

Marking 

9. An filter block shaU bear the name, 
initials, or trade mark of the manufac- 
turer. These marks shall be indented 
on the exterior of the block and shaU be 
legible. 

Rejection 

10. If the test specimens fail to con- 
form to the requirements for compressive 
strength or absorption, the manufacturer 
may sort the shipment, and new samples 
shall be selected by the purchaser from 
the retained lot and tested at the ex- 
pense of the manufacturer. In case the 
second set of test specimens fails to meet 
the requirements, the entire lot shall be 
rejected. 

Expense of Tests 

11. Except as specified in Section 10, 
the e 2 q)ense of inspection and testing 
shall be borne by the purchaser. 
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Sampling and Testing 

12. (a) The purchaser or his author- 
ized representative shall be accorded 
proper facilities for sampling and inspec- 
tion of the filter block, both at the place 
of manufacture and at the site of the 
work. At least ten days from the time 
of sampling should be allowed for com- 
pletion of the tests. 


(b) Filter block shall be sampled and 
tested in accordance with the Standard 
Methods of Sampling and Testing Struc- 
tural Clay Tile (A.S.T.M. Designation; 
C 112) of the American Society for Test- 
ing Materials.® 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 



Tentative Method of Test for 
COMPRESSIVE STRENGTH OF NATURAL BUILDING STONEi 



A.S.T.M. Designation: C 170-41 T 
Issued, 1941.’* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions fox revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1, This method covers the sampling, 
preparation of specimens, and procedure 
for determining the compressive strength 
of natural building stone. 

Sampling 

2. The sample shall be selected to 
represent a true average of the type or 
grade of stone under consideration and 
shall be of the quality supplied to the 
market in finished form under the type 
designation to be tested. The sample 
may be selected by the purchaser or his 
authorized representative from quarried 
stone or taken from the natural ledge 
and shall be of adequate size to permit 
the preparation of the desired number 
of test specimens. When perceptible 
variations occur, the purchaser may 
select as many samples as are necessary 
for determining the variation in com- 
pressive strength. 


_ ^ Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M, Com- 
mittee C-18 on Natural Building Stones. 

" Accepted by Committee E-10 on Standards, October 
23, 1941. , 


Apparatus 

3. {a) Any testing machine conform- 
ing to the Standard Methods of Verifica- 
tion of Testing Machines (A.S.T.M. 
Designation: E 4) of the American So- 
ciety for Testing Materials® and to the 
speed of testing requirements prescribed 
in Section 6 of these methods may be 
used. 

(b) In vertical testing machines, the 
spherical bearing block shall be sus- 
pended from the upper head of the ma- 
chine in such a manner that the contact 
plate remains in a central position 
(spherical surfaces in full contact) when 
not loaded. The spherical surfaces shall 
be well lubricated, and the center of 
curvature shall lie in the surface of con- 
tact with the specimen. 

Test Specimens 

4. (a) The test specimens may be cubes, 
square prisms, or cylinders and shall be 
cut from the sample with saws or core 
drills. The diameter or lateral dimen- 
sion (distance between opposite vertical 


* Appears ia this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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faces) shall be not less than 2 in. (Note 
1), and the ratio of height (Note 2) to 
diameter or lateral dimension shall be 
not less than 1:1. At least three speci- 
mens shall be prepared for each condi- 
tion of the test; that is, when the com- 
pressive strength is desired for the wet 
and dry conditions but in only one direc- 
tion, such as perpendicular to the bed 
(or rift) (see Fig. 1 (a^)) , six specimens will 
be required. For wet and dry strength 
tests both perpendicular and parallel to 
the bed (or rift) (see Fig. 1(a) and 
(b)), twelve specimens are required 
(Note 3). The load-bearing faces shall 
be finished by grinding to as nearly true 



Fig. 1. — Methods of Applying 


tested in the wet condition shall be im- 
mersed in water at 20 d= 5 C. for 48 hr. 
and tested immediately after removal 
from the water bath. 

Procedure 

6. The specimens shall be centered in 
the testing machine and the initial load 
applied at a rate that will permit hand 
adjustment of the contact plate on the 
specimen. The plate should be rotated 
back and forth through an angle of about 
30 deg. under a small load to properly 
seat the spherical block, but care shall 
be taken not to move the specimen out 
of the central position. Preferably, the 



ig or rift. Arrows indicate direction of loading. 

(i) Loading Parallel to Bedding or Rift, 
with Reference to Bedding or Rift. 


and parallel planes (Note 4) as 
practicable. 

(b) The load-bearing surfaces and the 
direction of bedding (or rift) shall be 
marked on each specimen after finishing. 

(c) The load-bearing areas of the 
specimen shall be calculated from meas- 
urements taken midway between the 
load-bearing surfaces. The dimensions 
of the specimens shall be measured to 
the nearest 0.02 in., and the load-bearing 
areas calculated to the nearest 0.04 
sq. in. 

Conditioning 

5. (a) Dry Condition . — Specimens to 
be tested in the dry condition shall be 
dried at 105 ±2 0. for 24 hr. 

(5) Wet Condition . — Specimens to be 


rate of loading should not exceed 100 
psi. per sec., but this requirement may 
be considered as being met if the speed 
of the loading head is not more than 
0.05 in. per min. 

Calculations 

7. {a) The compressive strength of 
each specimen shall be calculated as 
follows; 



where: 

C = compressive strength of the 
specimen, in pounds per 
square inch, 

W = total load in pounds on the 
specimen at failure, and 
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A = calculated area of the bearing 
surface in square inches. 
Each individual result shall be rounded 
off to the nearest 100 psi. 

(b) When the ratio of height to di- 
ameter or lateral dimension is greater 
than 1:1, the results shall be calculated 
to the equivalent for the 1:1 ratio, as 
follows: 

f ^ 

0.778 + 0.222(6 h) 

where: 

Cc = compressive strength of an 
equivalent cubical specimen, 
Cp = compressive strength of the 
specimen having a height 
greater than the diameter or 
lateral dimension, 

b = diameter or lateral dimension, 
and 

h = height. 


Report 

8. (a) The average compressive 
strength of all specimens loaded as 
shown in Fig. 1 (a) shall be reported as 
the compressive strength perpendicular 
to the bedding (or rift), and the average 
compressive strength of all specimens 
loaded as shown in Fig. 1 (6) shall be re- 
ported as the compressive strength 
parallel to the bedding (or rift). 

(b) The following additional informa- 
tion shall be reported: 

(Jf) Identification of the sample, in- 
cluding name and location of the quarry, 
name or position of the ledge, date when 
sample was taken and trade name or 
grade of stone, 

(2) Size and shape of specimens used 
in the tests, and 

(5) A description of the way in which 
the specimens were prepared. 


Explanatory Notes * 


Note 1. — For very coarse-grain materials 
like some of the granites, the diameter of the 
specimen should not be less than 2.5 in. 

Note 2. — The height of the specimen is con- 
sidered as the distance between the load-bearing 
faces. 

Note 3. — In some materials, such as granite, 
three directions with respect to fissility are 
recognized, as follows; “rift” (the plane of easiest 
splitting), “grain” (the plane of next easiest 
splitting), and “head-grain” (the plane of hardest 
splitting). Occasionally, tests are required for 
determining the strength perpendicular to each 
of these directions. In such cases, the sample 
shall be marked at the quarry to show which 
faces are grain, rift, and head-grain, and the re- 
quired number of specimens shall be prepared 
with load-bearing faces parallel to each of these 
planes and properly labeled for the various tests. 

Note 4. — ^Accuracy of test results depends 
largely on uniform distribution of the load over 


the bearing faces. In order to grind the sur- 
faces to reasonably true planes, considerable 
care is necessary. The following procedure is 
suggested: Assuming that the specimen is a rec- 
tangular prism and the load is to be applied to 
the ends, mark two adjacent sides for reference, 
then grind the ends on a grinding wheel or lap 
until they are perpendicular to these reference 
sides as gaged by a try square. Complete the 
grinding by rubbing the ends on a smooth ma- 
chine-planed surface of a cast iron plate with 
No. 80 emeiy and water. The specimen should 
be grasped as near the surface of the plate as 
possible to prevent rocking of the specimen. A 
suitable way to determine when the surfaces are 
reasonably plane is to dip the specimen in water 
and press the ends on a smooth machine-planed 
and polished surface of a 10-lb. weight. If the 
weight can be lifted by raising the specimen, the 
surfaces may be considered to be sufficiently 
accurate. 



Tentative Specifications for 
MORTAR FOR REINFORCED BRICK MASONRY > 



A.S.T.M. Designation; C 161 - 44T 
Issued, 1941; Revised, 1944,* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S, Broad St., Philadelphia 2, Pa. 


Scope 

1. (a) These specifications cover mor- 
tar for use in the construction of rein- 
forced brick inasoniy structures. Two 
alternative specifications are covered, as 
follows: 

Property Specifications in , which the 
acceptability of the mortar is based on 
tlie properties of the ingredients (ma- 
terials) and the properties (water re- 
tention . and compressive strength) of 
the mortar mixture (Sections 2 to 7, in- 
clusive, and Section 10). 

Proportion Specifications in which the 
acceptability of the mortar is based on 
the properties of the ingredients (ma- 
terials) and a definite composition of the 
mortar consisting of fixed proportions of 
the ingredients (Sections 8 to 10, in- 
clusive). 

{h) The purchaser shall indicate under 
which of these specifications the mortar 
will be accepted. 

i Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Ccunmittee C-12 on Mortars for Unit Masonry. 

* Revision accepted by the Society at annual meeting, 
June, 1944. 


Property Specifications 
Materials 

2. (a) Materials used as ingredients in 
the mortar shall conform to the require- 
ments specified in the following Para- 
graphs (6) to {h)\ 

(6) Cementitious Materials. — Cementi- 
tious materials shall conform to one of 
the following specifications of the Ameri- 
can Society for Testing Materials, as 
specified: 

Portland Cement. — ^Type I or type 
III of the Standard Specifications for 
Portland Cement (A.S.T.M. Desig- 
nation: C 150).® 

Masonry Cement. — Tentative Speci- 
fications for Masonry Cement 
(A.S.T.M. Designation: C 91).® 
Quicklime. — ^Standard Specifications 
for Quicklime for Structural Purposes 
(A.S.T.M. Designation: C 5).® 

Hydrated Lime. — Standard Speci- 
fications for Normal Finishing Hy- 
drated Lime (A.S.T.M. Designation: 
C6)A 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(c) Aggregates. — Aggregates shall con- 
form to the Standard Specifications for 
Aggregate for Masonry Mortar 
(A.S.T.M. Designation: C 144).3 

(d) Water. — ^Water shall be clean and 
free of deleterious amounts of acids, 
alkalies, or organic materials. 

(e) Admixtures. — Integral waterproof- 
ing compounds, accelerators, or other 
admixtures not definitely mentioned in 
the specifications shall not be used in 
mortar for use in reinforced brick 
masonry without approval in writing 
from the purchaser. 

(/) Mortar Colors. — Only pure mineral 
mortar colors shall be used. The brand 
and quality of such coloring, and the 
amount to be used shall, unless definitely 
stipulated in the specifications, be ap- 
proved in writing by the purchaser. 

(g) Anti-freeze Compounds. — No anti- 
freeze liquid, salts or other substances 
shall be used in the mortar to lower the 
freezing point. 

{h) Storage of Materials. — Cementi- 
tious materials and aggregates shall be 
stored in such a manner as to prevent 
deterioration or intrusion of foreign 
material. Any material that has become 
unsuitable for good construction shall 
not be used. 

Mortar and Grout 

3. (a) Mortar shall consist of a mixture 
of cementitious material and aggregate 
conforming to the requirements specified 
in Section 2, to which sufficient water has 
been added to bring the mixture to a 
plastic state. The volume of aggregate 
in mortar shall be at least 2.4 times but 
not more than 3 times the volume of 
cementitious materials. 

{b) Grout shall consist of mortar into 
which sufficient additional water has 
been incorporated to cause the mixture 
to flow readily. 


XKJL/iOWi\JS,X TTX JL ^ XXO* 

Water Retention 

4. Mortar and grout after suction for 
60 sec. shall have a flow greater thani 
65 per cent of the flow immediately 
after mixing. 

Compressive Strength 

5. The average compressive strength 
of three 2-in. cubes of mortar or grout 
(before thinning) shall be not less than 
1600 psi. at the age of 7 days and 2500 
psi. at the age of 28 days. 

Sampling 

6. Water retention and compressive 
strength of mortar shall be determined 
on mortar mixed in the laboratory of 
similar ingredients to those used in the 
construction. The proportions, except 
water, shall be the same as those that 
will be used in the mortar as mixed on 
the job. 

Methods of Testing 

7. Water retentivity and compressive 
strength of mortar shall be determined 
in accordance with the test procedures' 
described in the Tentative Specifications 
for Masonry Cement (A.S.T.M. Desig- 
nation: C 91),® with the exception that 
the mortar sample mixed in the labora- 
tory shall be made using the same pro- 
portions (except water), and the same 
ingredients -(cementitious materials and 
aggregate) that will be used for the 
mortar in the construction. 

Proportion Specifications 

Materials 

8. Materials used as ingredients in 
the mortar shall conform to the require- 
ments of Section 2 and, in addition, to 
the following requirements: 

{a) Masonry Cement. — The average 
compressive strength of not less than 
three 2-in. mortar cubes, molded and 
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tested in accordance with the procedure 
described in the Tentative Specifications 
for Masonry Cement (A.S.T.M. Desig- 
nation: C 91),® shall be not less than 
2500 psi. at 28 days. 

(5) Hydrated Lime . — Hydrated lime 
shall conform to either of the two 
following requirements: 

(i) The total free (unhydrated) 
calcium oxide (CaO) and magnesium 
oxide (MgO) shall be not more than 
' 8 per cent by weight (calculated on 
the as-received basis for hydrates). 

{2) When the hydrated lime is 
mixed with portland cement in the 
proportion specified in Section 9 (<r), 
the mixture shall give an autoclave 
expansion of not more than 0.50 per 
cent when tested in accordance with 
the Standard Method of Test for 
Autoclave Expansion of Portland Ce- 
ment (A.S.T.M. Designation: C 151).® 
Hydrated lime intended for use when 
mixed dry with other mortar ingredi- 
ents shall have a plasticity figure of not 
less than 200 when tested 15 min. after 
adding water. The test otherwise shall 
be made in accordance with Sections 
7 to 10, inclusive, of the Tentative 
Methods of Physical Testing of Quick- 
lime and Hydrated Lime (A.S.T.M. 
Designation: C 110).® 

(c) Lime Putty . — ^Lime putty made 
from either quicklime or hydrated lime 
shall be soaked for a period sufficient 
to produce a plasticity figure of not less 
than 200 and shall conform to either 
the requirements for limitation on total 
free oxides of calcium and magnesium 
or the autoclave test specified for 
hydrated lime in Paragraph (&). 


Mortar and Grout 

9. {a) Mortar shall consist of a mixture 
of cementitious materials and aggregate 
conforming to the requirements specified 
in Section 8, mixed in one of the follow- 
ing proportions to which sufficient water 
has been added to reduce the mixture to 
a plastic state: 


MORTAR PROPORTIONS BY WEIGHT 


Cement 

Hydrated 

Lime 

Aggre- 
gate, Dry 

1 bag Portland cement 

10 lb. 

i 

240 lb. 

1 bag masonry cement 

240 lb. 


mortar proportions by volume 



Hydrated 

Aggregate, 

Cement 

Lime or 

Damp 


Lime Putty ' 

and Loose 

1 cu. ft. Portland cement 

0.25 cu. ft. 

3 cu. ft. 

1 cu. ft. masonry cement 


3 cu. ft. 


Note, — ^V olume proportions shall be based on 
the following weights per cubic foot: 

Weight, lb. per cu. ft. 

Portland cement 94 

Masonry cement weight printed on bag 

Hydrated lime 40 

Sand, damp and loose . 1 cu. ft. contains 80 lb. of dry sand 

General Provisions Applicable to 
Both Specifications 
Costs of Tests 

10, Unless otherwise specified in the 
purchase order, the costs of tests shall 
be borne as follows: 

{a) If the results of the tests show that 
the mortar does not conform to the re- 
quirements of these specifications, the 
costs shall be borne by the seller. 

ih) If the results of the tests show that 
the mortar does conform to the require- 
ments of these specifications, the costs 
shall be borne by the purchaser. 



Tentative Method of Test for 
FIRE-RETARDANT PROPERTIES OF WOOD^ 



A.S.T.M. Designation: C 160-41 T 
Issued, 1941.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test covers the 
procedure for fire tests applicable to 
untreated wood and wood chemically- 
treated by impregnation to reduce 
flammability for permanent use in con- 
struction. Requirements for perform- 
ance under this test shall be as prescribed 
in tlie specifications applicable to the 
materials intended for specific uses. 

Sampling 

2. {a) The shipment shall be carefully 
examined and a representative sample 
selected. One sample shaU be taken 
from each 5000 board feet or fraction 
thereof. Different species, and pieces 
of the same species with widely different 
thicknesses, shall be considered as sepa- 
rate lots and sampled accordingly. 
Each sample shall consist of a number of 
individual pieces selected so as to include 
material from different sections of a 
finished unit or different lengths of 
finished trim, or to include variations 
such as rate of growth, density, and 

^ Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S-T.M. 
Committee C-5 on Fire Tests of Materials and Con- 
struction. 

2 Accepted by the Society at annual meeting, June, 1941. 


other visible nonuniformities. Samples 
shall be cut not closer than 2 ft. from 
the ends of treated boards. 

(5) A composite test specimen shall 
be prepared from each sample, unless 
otherwise specified by the purchaser. 
Individual pieces sampled from one lot 
shall be marked for identification and 
tested separately. Further require- 
ments as to location of samples and 
number of samples may be applied for 
materials intended for specific uses as 
prescribed in the specifications. 

(c) Unless otherwise specified by the 
purchaser or jurisdictional authority, 
the sampling shall be done at the point 
of delivery. 

Apparatus 

3. The apparatus shall consist of the 
following: 

(a) Test Chamber— A test chamber 
which may be either a room free from 
noticeable drafts, or a fume hood. If 
a fume hood is used, the ventilation shall 
be such as to cause a minimum move- 
ment of air to remove the smoke or gases. 
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(&) Wdre Frame and Ring Stand , — 
A wire frame (see Fig. 1) suitable for 
supporting the specimen stacked in the 
form of a crib, and a ring stand 6 in. 
in inside diameter. The wire frame 
shall consist of four vertical wires, with 
a clear spacing of 2 in- to form a cage 
with square sections, held in position at 
the top by transverse wires on each side, 
and provided with transverse wires near 
the bottom which serve as spacers and 
supports for the specimen. All wire 



Fig. 1. — Wire Frame and Ring Stand for 
Supporting Crib Specimen. 


used in the frame shall be steel wire 
I in. in diameter and connections shall 
be made by welding. Dimensions of 
the wire frame and the manner in which 
it is supported on the ring stand shah, be 
as shown in Fig. 1. The frame shall be 
vertical and the hooks at the ends of the 
supporting arms made so that the frame 
will automatically be centered for any 
placement, with a minimum clearance 
to permit removal from the ring. These 
hooks serve as a self-centering device. 

{c) Burner . — A Meker burner with 
perforated grid 2 in. in diameter. 


(d) Flame Shield . — A flame shield 
(Fig. 2) for calibrating and checking the 
burner flame. The shield shall consist 
of a cylindrical section, 8 in. in diameter 
and 12 in. in height, and a conical top 
with an opening 2f in. in diameter. 
A No. 18'gage chromel-alumel thermo- 
couple shall be mounted with its junction 
I in. over the center of the top opening 
of the shield, for calibration of the 
burner flame. The shield shall be 



Fig. 2.— Flame Shield. 

made of No. 24-gage sheet iron and 
shall be supported so that when the 
burner is placed directly under the 
center of the shield, the distance from 
the top of the burner grid to the thermo- 
couple is 17 in. (see Fig. 2). 

(e) Balance. — K balance accurate at 
least to 0.1 g. and provided with a suit- 
able scale pan. 

if) Timer. — A. timing device record- 
ing minutes and seconds. 
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(g) Oven . — A thermostatically-con- 

trolled drying oven. 

{h) Meter. — A potentiometer or milli - 
voltmeter for indicating thermocouple 
emf. or temperature. 

Test Specimens 

4. (o) The specimen shall consist of 
24 pieces | by I in. in cross-section and 
3 in. in length, with surfaces smooth- 
sawed to dimensions within plus or 
minus ^ in. The specimen shall be rep- 
resentative of the entire cross-section of 
the sample. 

(&) For samples taken from boards 
having thicknesses ranging from | to 
1| in., the composite specimen shall be 
prepared by cutting parallel | by |-in. 
pieces longitudinally from one or both 
faces across the full width of the board. 
For samples taken from trim of small 
sectional area, the specimen pieces will 
ordinarily be suitable as cut by any 
convenient sawing operation. 

(c) For material of greater thickness, 
pieces shall be cut from one face and the 
center of the section, across the full 
width. 

{3) When the material to be tested is 
less than | in. in thickness, the specimen 
pieces may be built up in laminated form 
with plies of approximately equal thick- 
ness. The plies shall be dressed smooth 
and assembled by nailing with |-in. 
steel wire brads (No. 20 B.w.g., 0.035-m. 
nominal thickness) driven obliquely, 
spaced 1 in. apart, and symmetrically 
located on the 3-in. length. The lami- 
nated pieces should preferably be pre- 
pared in longer lengths and greater 
width to permit of cutting to the 
final specimen dimensions with smooth- 
sawed faces on the laminated edges. 
The weight of nails used shall be recorded 
for correction of the weight of specimen. 

ie) A composite specimen prepared 
from more than one sample piece shall 
be taken so as to be representative of the 


average quality of the materials to be 
tested. 

Conditioning of Test Specimens 

5. (a) The moisture content of the 
specimen when tested shall be 7 ± 3 per 
cent by weight of dry material. The 
moisture determination shall be made on 
a specimen approximately f in. in thick- 
ness cut transversely at an intermediate 
section of the sample, or on a moisture 
specimen consisting of at least four 
additional by | by 3-in. pieces of the 
prepared test specimen. The moisture 
specimen shall be weighed to 0.1 g. or 
less and dried for 24 hr. at 212 ± 3 F. 
The weight of the test specimen shall be 
recorded at the time of weighing the 
moisture specimen. If the moisture 
content exceeds 10 per cent, the sample 
or prepared specimen shall be condi- 
tioned by drying at temperatures not 
exceeding 150 F. until the moisture 
content is within the prescribed limits. 
Low moisture content can be increased 
by storage in air on a screen over a pan 
of water. If not tested immediately, 
the specimen shall be stored, after 
conditioning, in such a manner as to 
prevent absorption or loss of water. 

{h) The weight to which the sample 
must be conditioned to contain 7. per 
cent moisture shall be calculated as 
follows: 


where: 

Wi = desired weight of sample con- 
taining 7 per cent moisture at 
time of test. 

Wo — original weight of sample before 
conditioning, and 

X = moisture content of sample. 

Note: Example.—li X=15 per cent, the 
sample would be dried to a weight of 0.93 PIJ 
to contain 7 per cent moisture. 
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Procedure 

6. (a) The specimen pieces shall be 
placed in the wire frame in 12 tiers of 
two pieces each, 1 in. apart, with the 
pieces in each tier placed perpendicular 
to those ill the tier below, thus forming a 
crib (see Fig. 3). The pieces shall be 
taken from the composite specimen at 
random and stacked without regard for 
original position in the sample, unless 
otherwise specified. The first tier shall 
be placed on the lower wires of the frame. 
The first three tiers will then be sup- 


24 Pieces 



ported by wires and the remaining nine 
tiers built up. The spacing of the 
pieces shall be duplicated by placing 
each piece in contact with the vertical 
wires of the frame, permitting approxi- 
mately equal overhang at the ends as 
determined by visual inspection. The 
frame with the stacked crib in place 
shall be centered on the ring stand. If 
tests are made in an open room, the 
flame shield shall be placed around the 
specimen during the test. If tests are 
made in a fume hood with draft con- 


trolled as specified in Section 3 (a), 
the shield need not be in place around 
the specimen during the test. 

(b) The Meker burner shall be ad- 
justed to produce a blue flame 10 d= in. 
in height. The air adjustment of the 
burner shall be set to produce indi- 
vidual blue jets about i in. in height 
directly over the grid without forming 
a common inner cone and without 
causing the grid to glow. With the 
burner placed under the center of the 
shield (Fig. 2), the flame shall be 
regulated to produce a temperature of 
600 ± 15 F. at the top opening. Cali- 
brations under the shield will afford a 
convenient check on the flame adjust- 
ment between successive tests. Fluc- 
tuations in gas pressure shall be deter- 
mined by the use of a manometer 
suitably connected to the gas supply, and 
the pressure regulated to maintain a 
uniform supply to the burner. 

(c) The burner, with calibrated flame, 
shall be placed directly below the center 
of the crib. To avoid unnecessary 
centering adjustments, it will be con- 
venient to attach the legs of the ring 
stand permanently to the work bench 
and provide a receptacle or guides for 
the burner to insure quick and accurate 
placement. The top of the burner grid 
shall be 1| in. below the bottom of the 
lower tier of pieces in the specimen (see 
Fig. 3). The flame shall be applied for 
3 min., after which it shall be removed 
by withdrawing the burner. 

(d) The specimen shall not be dis- 
turbed until all flaming and glowing has 
ceased. After glowing has ceased, the 
specimen, including any pieces that may 
have fallen, shall be transferred to the 
scale pan of a balance and weighed.® 

s since some glow, not visible, may persist within the 
charcoal, the operator shall allow a reasonable time before 
weighing, particularly in the case of poorly treated ma- 
terial.^ For untreated wood, some charcoal may drop from 
the crib, and a fine-wire, }4-in. mesh screen placed on top 
of the ring stand, ora suitable receptacle; may be advisable 
to avoid loss of material. 
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Original and final weights shall be deter- 
mined to at least the nearest 0.5 g. 
These weights may be determined with 
the specimen in the frame, deducting 
the weight of frame and of nails, if used. 

Report 

7. The original and final weights, and 
the moisture content of the specimen 
shall be recorded. The loss in weight 


after all flaming and glowing has ceased 
shall be expressed as a percentage of 
the original weight of the specimen as 
tested.^ Duration of continued flaming 
and continued glow after removal of the 
igniting flame shall be recorded. 


* Equipment and procedure for measurement of other 
properties such as rate of weight loss, maximum tem- 
perature, and time of flaming and glowing are given in 
the report on “Comparative Fire Tests of Treated and 
Untreated Wood,” prepared by Subcommittee II on Fire 
Tests of Lumber, of Committee C-5, Proceedings, Am. 
Soc. Testing Mats., Vol. 41, p. 238 (1941). 


Tentative Specifications for 

85 PER CENT MAGNESIA THERMAL INSULATING CEMENT^ 



A.S.T.M. Designation: C 193 - 44 T 

Issued, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover 85 per 
cent magnesia thermal insulation in the 
form of dry cement or plaster, intended 
to be mixed with a suitable proportion 
of water (as recommended by the manu- 
facturer), applied as a plastic mass, and 
dried in place, for use as insulation on 
surfaces operating at temperatures be- 
tween 200 and 600 F. 

Composition 

2. The cement shall conform to the 
following requirements as to compo- 
sition on the moisture-free basis: 

Basic hydrated magnesium carbonate, min,, 

per cent by weight 85 

Asbestos fiber, min., per cent by weight. ... 10 

Physical Properties 

3 . The cement shall conform to the 
following requirements as to physical 
properties: 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee C-16 on Thermal Insulating Materials. 

= Prior to publication as tentative, these specifications 
were published as Emergency Specifications from 1942 to 


Bulk density, cu. ft. 

per 100 lb within plus or minus 10 

per cent of manufacturer’s 
published value 


Dry covering capac- 
ity, min., bd. ft. 
per 100 lb. of dry 

cement 50 

Volume change 

(shrinkage) upon 
drying, max., per 

cent 35 


Thermal conductiv- 
ity, max., Btu. 
in per sq. ft. per 
hr. per deg. 
Fahr.: 

At mean tempera- 


ture of 200 F 0.70® 

At mean tempera- 
ture of 300 F 0.80® 


® Read from the conductivity - mean temperature 
curve. 

Sampling and Mixing 

4. The cement shall be sampled and 
mixed, for purpose of tests, in accordance 
wdth the Standard Methods of Sampling 
and Mixing Thermal Insulating Cement 
(A.S.T.M. Designation: C 163).® 

Methods of Testing 

5. The properties enumerated in these 
specifications shall be determined in 

3 Appears in. this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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accordance with the following methods 
of the American Society for Testing 
Materials (except as specified in Para- 
graph (a)): 

(а) Composition. — Federal Specifica- 
tion for Magnesia; Block, Cement, and 
Pipe-Covering (Molded) (HH-M-61, 
i\pril 3, 1934), Sections F-3a to F-3g. 

(б) Bulh Density. — Standard Method 
of Test for Bulk Density of Thermal In- 
sulating Cement (A.S.T.M. Designa- 
tion: C 164)d 

(c) Dry Covering Capacity. — ^Tenta- 
tive Methods of Test for Covering Ca- 
pacity and Volume Change Upon Drying 
of Thermal Insulating Cement (A.S. 
T.M, Designation: C 166) d 

{d) Volume Change Upon Drying . — 
Tentative Methods of Test for Covering 
Capacity and Volume Change Upon 
Drying of Thermal Insulating Cement 
.(A.S.T.M. Designation: C 166).^ 

(e) Thermal Conductivity. — ^Tentative 
Method of Test for Thermal Conductiv- 
ity of Materials by Means of the 
Guarded Hot Plate (A.S.T.M. Designa- 
tion: C 17 7) ,3 except that the test speci- 
mens shall be prepared as follows: 

Test specimens shall be molded in a 
mold of suitable size and shape for the 
guarded hot plate to be used, and 1| in. 
in depth. The cement shall be mixed 
with water in accordance with the 
Standard Methods of Sampling and Mix- 
ing Thermal Insulating Cement (A.S. 
T.M. Designation: C 163).® The mold 
shall be placed in a horizontal position 
on a piece of plate glass 14 or 15 in. 


square. The mixed cement shall be 
placed in the mold, the top surface of the 
cement troweled smooth, and a sheet of 
ordinary writing paper placed on top of 
the cement. A steel plate 14 or 15 in. 
square by i in. in thickness, having nine 
equally spaced holes in. in diameter 
in the central area 10 in. in diameter, 
shall be placed on top of the mold and a 
pointed pin used to puncture the paper 
immediately under the i%--in. holes in 
the steel plate. This entire assembly 
shall be then inverted and the glass plate 
removed, the surface of the cement 
troweled smooth and flush with the top 
of the mold, and the mold then carefully 
removed. The perforated plate with 
the molded cement shall be placed on an 
open shelf of an oven having a volume 
at least 50 times that of the specimens 
to be dried. The test specimens shall 
remain in the oven for at least 48 hr. at a 
temperature of 225 ± 25 F. Upon re- 
moval from the oven, the surfaces of the 
specimens shall be made plane and paral- 
lel by cutting, sandpapering, or rubbing, 
or by a combination of these methods. 
The lateral dimensions of the specimens 
shall be governed by the size of the 
guarded hot plate apparatus. 

Rejection 

6. The cement may be rejected if it 
fail s to conform to any of the require- 
ments of these specifications. In case 
of dispute, a demand for a retest shall be 
granted. 


Tenia five Specifications for 
ASBESTOS THERMAL INSULATING CEMENT^ 



A.S.T.M. Designation : C 194 - 44 T 
Issued, 1944.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover thermal 
insulating material composed of asbestos 
fiber, in the form of dry cement or plaster, 
which, when mixed with a suitable pro- 
portion of water (as recommended by 
the manufacturer), applied as a plastic 
mass, and dried in place, affords sub- 
stantial resistance to heat transmission 
on surfaces operating at temperatures 
between 140 and 1000 F. 

Composition 

2. The cement shall be composed 
of grade 7 or longer asbestos fiber, as 
defined by the Quebec Asbestos Pro- 
ducers’ Association, with a suitable 
proportion of heat-resistant binder. 

Physical Properties 

3. The cement shall conform to the 
following requirements as to physical 
properties: 

Bulk density, cu. ft. 

per 100 lb within plus or minus 10 

per cent of manufacturer’s 
published value 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee C-16 on Thermal Insulating Materials. 

® Prior to publication as tentative, these specifications 
were published as Emergency Specifications from 1942 to 


Dry covering capac- 
ity, min., bd. ft. 
per 100 lb. of dry 

cement 18 

Volume change 

(shrinkage) upon 
drying, max., per 

cent 40 


Thermal conductiv- 
ity, max., Btu. 
in. per sq. ft. per 
hr. per deg. 
Fahr.: 

At mean tempera- 


ture of 200 F 1 .30“ 

At mean tempera- 
ture of 500 F 1.60“ 

At mean tempera- 
ture of 700 F 1.80“ 


“ Read from the conductivity - mean temperature 
curve. 

Sampling and Mixing 

4. The cement shall be sampled and 
mixed, for purpose of tests, in accordance 
with the Standard Methods of Sampling 
and Mixing Thermal Insulating Cement 
(A.S'.T.M. Designation: C 163).® 

Methods of Testing 

5. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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of the American Society for Testing 
Materials: 

(a) Bulk Density. — Standard Method 
of Test for Bulk Density of Thermal 
Insulating Cement (A.S.T.M. Designa- 
tion: C 164) 

{h) Dry Covering Capacity. — ^Tenta- 
tive Methods of Test for Covering 
Capacity and Volume Change Upon 
Drying of Thermal Insulating Cement 
(A.S.T.M. Designation: C 166) 

(c) Volume Change Upon Drying . — 
Tentative Methods of Test for Covering 
Capacity and Volume Change Upon 
Drying of Thermal Insulating Cement 
(A.S.T.M. Designation: C 166) 

id) Thermal Cofiductivity. — ^Tentative 
Method of Test for Thermal Conductiv- 
ity of Materials by Means of the 
Guarded Hot Plate (A.S.T.M. Designa- 
tion: C 177),® except that the test 
specimens shall be prepared as follows: 

Test specimens shall be molded in a 
mold of suitable size and shape for the 
guarded hot plate to be used, and 1| 
in. in depth. The cement shall be mixed 
with water in accordance with the Stand- 
ard Methods of Sampling and Mixing 
Thermal Insulating Cement (A.S.T.M. 
Designation: C 163).® The mold shall 
be placed in a horizontal position on a 
piece of plate glass 14 or 15 in. square. 
The mixed cement shall be placed in the 
mold, the top surface of the cement 


troweled smooth, and a sheet of ordinary 
writing paper placed on top of the 
cement. A steel plate 14 or 15 in. square 
by I in. in thickness, having nine equally 
spaced holes in. in diameter in the 
central area 10 in, in diameter, shall be 
placed on top of the mold and a pointed 
pin used to puncture the paper immedi- 
ately under the i^-m. holes in the steel 
plate. This entire assembly shall be 
then inverted and the glass plate re- 
moved, the surface of the cement 
troweled smooth and flush with the top 
of the mold, and the mold then carefully 
removed. The perforated plate with the 
molded cement shall be placed on an 
open shelf of an oven having a volume at 
least 50 times that of the specimens to 
be dried. The test specimens shall re- 
main in the oven for at least 48 hr. at a 
temperature of 225 d= 25 F, Upon 
removal from the oven, the surfaces of 
the specimens shall be made plane and 
parallel by cutting, sandpapering, or 
rubbing, or by a combination of these 
methods. The lateral dimensions of the 
specimens shall be governed by the size 
of the guarded hot plate apparatus. 

Rejection 

6. The cement may be rejected if it 
fails to conform to any of the require- 
ments of these specifications. In case of 
dispute, a demand for a retest shall be 
granted. 


Tentative Specifications for 
MINERAL WOOL THERMAL INSULATING CEMENT^ 



A.S.T.M. Designation: C 195 - 44 T 
Issued, 1944.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover thermal 
msulating material composed predomi- 
nantly of mineral wool, in the form of dry 
cement or plaster, which, when mixed 
with a suitable proportion of water (as 
recommended by the manufacturer), ap- 
plied as a plastic mass, and dried in place, 
affords substantial resistance to heat 
transmission on surfaces operating at 
temperatures between 140 and 1800 F. 

Physical Properties 

2. The cement shall conform to the 
following requirements as to physical 
properties: 

Bulk density, cu. ft. 

per 100 lb within plus or minus 10 

per cent of manufacturer’s 
published value 


Dry covering capac- 
ity, min., bd. ft. 
per 100 lb. of dry 

cement. 45 

Volume change 

(shrinkage) upon 
drying, max., per 

cent 20 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee C-16 on Thermal Insulating Materials. 

2 Prior to publication as tentative, these specifications 

were published as Emergency Specifications from 1942 to 
1944, - 


Thermal conductiv- 
ity, max., Btu. 
in. per sq. ft. per 
hr. per deg. 
Fahr,: 

At mean tempera- 


ture of 200 F 0.80“ 

At mean tempera- 
ture of 500 F 0.90“ 

At mean tempera- 
ture of 700 F 1.00“ 

Adhesion to steel, 

min., psi 3.0 


“ Read from the conductivity - mean temperature 
curve. 

Sampling and Mixing 

3. The cement shall be sampled and 
mixed, for purpose of tests, in accordance 
with the Standard Methods of Sampling 
and Mixing Thermal Insulating Cement 
(A.S.T.M. Designation: C 163).® 

Methods of Testing 

4. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 

ip) Bulk Density . — Standard Method 
of Test for Bulk Density of Thermal In- 


* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 

1268 


Specifications for Mineral Wool Insulating Cement (C 195 - 44 T) 1269 


sulating Cement (A.S.T.M. Designation: 
C 164).3 

(6) Dry Covering Capacity, — ^Tenta- 
tive Methods of Test for Covering 
Capacity and Volume Change Upon 
Drying of Thermal Insulating Cement 
(A.S.T.M. Designation: C 166).® 

(c) Volume Change Upon Drying . — 
Tentative Methods of Test for Covering 
Capacity and Volume Change Upon 
Drying of Thermal Insulating Cement 
(A.S.T.M. Designation: C 166).® 

(d) Thermal Conductivity. — ^Tentative 
Method of Test for Thermal Conductiv- 
ity of Materials by Means of the 
Guarded Hot Plate (A.S.T.M. Designa- 
tion: C 177),® except that the test speci- 
mens shall be prepared as follows: 

Test specimens shall be molded in a 
mold of suitable size and shape for the 
guarded hot plate to be used, and 1| 
in. in depth. The cement shall be mixed 
with water in accordance with the Stand- 
ard Methods of Sampling and Mixing 
Thermal Insulating Cement (A.S.T.M. 
Designation: C 163).® The mold shall 
be placed in a horizontal position on a 
piece of plate glass 14 or 15 in. square. 
The mixed cement shall be placed in the 
mold, the top surface of the cement 
troweled smooth, and a sheet of ordinary 
writing paper placed on top of the 
cement. A steel plate 14 or 15 in. square 
by I in. in thickness having nine equally 
spaced holes Te in. in diameter in the 
central area 10 in. in diameter, shall be 
placed on top of the mold and a pointed 
pin used to puncture the paper imme- 
diately under the i^-in. holes in the steel 
plate. This entire assembly shall be 
then inverted and the glass plate re- 
moved, the surface of the cement 
troweled smooth and flush with the top 
of the mold, and the mold then carefully 
removed. The perforated plate with the 
molded cement shall be placed on an 
open shelf of an oven having a volume at 


least 50 times that of the specimens to be 
dried. The test specimens shall remain 
in the oven for at least 48 hr. at a tem- 
perature of 225 ± 25 F. Upon removal 
from the oven, the surfaces of the 
specimens shall be made plane and paral- 
lel by cutting, sandpapering, or rubbing, 
or by a combination of these methods. 
The lateral dimensions of the specimens 
shall be governed by the size of the 
guarded hot plate apparatus. 

(e) Adhesion to Steel. — ^Adhesion of the 
cement to steel plate shall be deter- 
mined in the following manner : 

The apparatus^ shall consist of a steel 
plate and a steel ring, each 10| in. in 
diameter and f in. in thickness, centered 
and held in parallel planes 2 in. apart by 
four studs set in the ring. The inside 
diameter of the steel ring shall be 6i 
in. The material under test is held 
between the ring and the plate. A steel 
disk with mill scale intact, 6 in. in 
diameter and f in. in thickness, shall be 
provided to complete the surface in the 
plane of the ring. 

The steel ring shall be laid on a flat, 
horizontal plate. The steel disk shall be 
laid in the opening of the ring, its center 
concentric with that of the ring. The 
continuous flat surface thus presented 
shall be covered with a 2-in. thick 
troweled layer of the cement, mixed in 
accordance with Section 3. The ring, 
disk, supporting plate, and cement shall 
be dried to constant weight in an oven 
at 225 =1= 25 F. The oven shall have a 
volume at least 50 times that of the 
specimens to be dried. The lOi-iu. 
steel plate shall be secured in place by 
the four studs. Hooks shall be screwed 
into centered holes on the outside surface 
of plate and disk. A measured load 
shall be applied to the hook in the steel 

* The requirements for the adhesion test apparatus are 
identical with those specified in Section F-(2a)(S) of the 
Navy Department Specification for High-Temperature 
Insulation Cement (32C14d, November 2, 1942). 
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disk while the specimen is suspended 
from the hook in the steel plate. The 
load shall be increased until rupture of 
bond between the steel disk and the 
dried cement occurs. Adhesion to steel 
of the cement shall be expressed as 
pounds of load required to cause rupture 
of bond, per square inch of face area of 
the test specimen. Three determina- 
tions shall be made on each sample of 


cement and the average value of the 
three determinations shall be used. 

Rejection 

5. The cement may be rejected if it 
fails to conform to any of the require- 
ments of these specifications. In case 
of dispute, a demand for a retest shall 
be granted. 



Tent at I've Specifications for 

EXPANDED OR EXFOLIATED VERMICULITE THERMAL 
INSULATING CEMENT ^ 



A.S.T.M. Designation: C 196 - 44 T 
Issued, 1944; Revised, 1944,2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover thermal 
insulating material composed predomi- 
nantly of expanded or exfoliated ver- 
miculite, in the form of dry cement or 
plaster, intended to be mixed with a 
suitable proportion of water (as recom- 
mended by the manufacturer), applied 
as a plastic mass, and dried in place, 
for use as insulation on surfaces operating 
at temperatures between 140 and 1800 F, 

Physical Properties 

2. The cement shall conform to the 
following requirements as to physical 
properties: 

Bulk density, cu. ft. 

per 1001b within plus or minus 10 

per cent of manufacturer’s 
published value 

Dry covering capac- 
ity, min., bd. ft. 
per 100 lb. of dry 

cement 60 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee C-16 on Thermal Insulating Materials. 

2 Revision accepted by Committee E-10 on Standards, 
August 28, 1944. 

Prior to publication as tentative, these specifications 
were published as Emergency Specifications from 1942 to 
1944. 


Volume change 

(shrinkage) upon 
drying, max., per 

cent 18 

Thermal conductiv- 


ity, max., Btu. 
in. per sq. ft. per 
hr. per deg. 

Fahr.: 

At mean tempera- 
ture of 200 F 0.95® 

At mean tempera- 
ture of 500 F 1.10“ 

At mean tempera- 
ture of 700 F 1.20“ 

Adhesion to steel, 

min., psi 2.5 


® Read from the conductivity - mean temperature 
curve. 

Sampling and Mixing 

3. The cement shall be sampled and 
mixed, for purpose of tests, in accordance 
with the Standard Methods of Sam- 
pling and Mixing Thermal Insulating 
Cement (A.S.T.M. Designation: C 163).® 

Methods of Testing 

4. The properties enumerated in these 
specifications shall be determined in 
accordance with the following methods 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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of the American Society for Testing 
Materials: 

(a) Bulk Density. — Standard Method 
of Test for Bulk Density of Thermal 
Insulating Cement (A.S.T.M, Designa- 
tion: C 164).® 

(5) Dry Covering Capacity. — ^Tenta- 
tive Methods of Test for Covering Ca- 
pacity and Volume Change Upon Drying 
of Thermal Insulating Cement (A.S. 
T.M. Designation; C 166).® 

(c) Vohme Change Upon Drying . — 
Tentative Methods of Test for Covering 
Capacity and Volume Change Upon 
Drying of Thermal Insulating Cement 
(A.S.T.M. Designation: C 166).® 

(d) Thermal Conductivity. — Tenta- 
tive Method of Test for Thermal Con- 
ductivity of Materials by Means of the 
Guarded Hot Plate (A.S.T.M. Designa- 
tion: C 177),® except that the test speci- 
mens shall be prepared as follows; 

Test specimens shall be molded in a 
mold of suitable size and shape for the 
guarded hot plate to be used, and 1| in. 
in depth. The cement shall be mixed 
with water in accordance with the Stand- 
ard Methods of Sampling and Mixing 
Thermal Insulating Cement (A.S.T.M. 
Designation: C 163).® The mold shall 
be placed in a horizontal position on a 
piece of plate glass 14 or 15 in. square. 
The mixed cement shall be placed in the 
mold, the top surface of the cement 
troweled smooth, and a sheet of ordinary 
writing paper placed on top of the 
cement, A steel plate 14 or 15 in. 
square by § in. in thickness having nine 
equally spaced holes in. in diameter 
in the central area 10 in. in diameter, 
shall be placed on top of the mold and a 
pointed pin used to puncture the paper 
immediately under the a^-in. holes in 
the steel plate. This entire assembly 
shall be then inverted and the glass 
plate removed, the surface of the cement 
troweled smooth and flush with the top 
of the mold, and the mold then carefully 


removed. The perforated plate , with 
the molded cement shall be placed on an 
open shelf of an oven having a volume 
at least 50 times that of the specimens 
to be dried. The test specimens shall 
remain in the oven for at least 48 hr. at 
a temperature of 225 dr 25 F. Upon 
removal from the oven, the surfaces of 
the specimens shall be made plane and 
parallel by cutting, sandpapering, or 
rubbing, or by a combination of these 
methods. The lateral dimensions of the 
specimens shall be governed by the size 
of the guarded hot plate apparatus. 

(e) Adhesion to Steel. — ^Adhesion of 
the cement to steel plate shall be deter- 
mined in the following manner: 

The apparatus^ shall consist of a steel 
plate and a steel ring, each 10| in, in 
diameter and | in. in thickness, centered 
and held in parallel planes 2 in. apart by 
four studs set in the ring. The inside 
diameter of the steel ring shall be 6i in. 
The material under test is held between 
the ring and the plate. A steel disk with 
mill scale intact, 6 in. in diameter and | 
in. in thickness, shall be provided to 
complete the surface in the plane of the 
ring. 

The steel ring shall be laid on a flat, 
horizontal plate. The steel disk shall be 
laid in the opening of the ring, its center 
concentric with that of the ring. The 
continuous flat surface thus presented 
shall be covered with a 2-in. thick 
troweled layer of the cement, mixed in 
accordance with Section 3. The ring, 
disk, supporting plate, and cement shall 
be dried to constant weight in an oven 
at 225 dr 25 F. The oven shall have a 
volume at least 50 times that of the 
specimens to be dried. The 10|-in. 
steel plate shall be secured in place by 
the four studs. Hooks shall be screwed 
into centered holes on the outside surface 

< The requirements for the adhesion test apparatus are 
identical with those specified in Section F-(2aH5) of the 
Navy Department Specification for High-Temperature 
Insulation Cement {32G14d, November 2, 1942). 
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of plate and disk. A measured load 
shall be applied to the hook in the steel 
disk while the specimen is suspended 
from the hook in the steel plate. The 
load shall be increased until rupture of 
bond between the steel disk and the 
dried cement occurs. Adhesion to steel 
of the cement shall be expressed as 
pounds of load required to cause rupture 
of bond, per square inch of face area of 
the test specimen. Three determina- 


tions shall be made on each sample of 
cement and the average value of the 
three determinations shall be used. 

Rejection 

5. The cement may be rejected if it 
fails to conform to any of the require- 
ments of these specifications. In case 
of dispute, a demand for a retest shall be 
granted. 


Tentative Specifications for 

DIATOMACEOUS SILICA THERMAL INSULATING CEMENT^ 



A.S.T.M. Designation: C 197 - 44T 
Issued, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover thermal 
insulating material composed predom- 
inantly of diatomaceous silica, in the 
form of dry cement or plaster, intended 
to be mixed with a suitable proportion 
of water (as recommended by the manu- 
facturer), applied as a plastic mass, and 
dried in place, for use as insulation on 
surfaces operating at temperatures be- 
tween 600 and 1900 F. 

Physical Properties 

2. The cement shall conform to the 
following requirements as to physical 
properties: 

Bulk density, cu. ft. 

per 100 lb within plus or minus 10 

per cent of manufacturer’s 
published value 


Dry covering capac- 
ity, min., bd. ft. 
per 100 lb. of dry 

cement. 35 

Volume change 

(shrinkage) upon 
drying, max., per 

cent 30 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee C-16 on Thermal Insulating Materials. 

'■* Trior to publication as tentative, these specifications 
were published as Emergency Specifications from 1942 to 
1944. 


Thermal conductiv- 
ity, max., Btu. 
in. per sq. ft. per 
hr. per deg. 
Fahr.: 

.\t mean tempera- 


ture of 200 F 0.80“ 

.Vt mean tempera- 
ture of 500 F 1.00® 

.^t mean tempera- 
ture of 700 F 1.10® 


“Read from the conductivity - mean temperature 
curve. 

Sampling and Mixing 

3. The cement shall be sampled and 
mixed, for purpose of tests, in accordance 
with the Standard Methods of Sampling 
and Mixing Thermal Insulating Cement 
(A.S.T.M. Designation: C 163).® 

Methods of Testing 

4. The properties enumerated, in these 
specifications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing 
Materials: 

(a) Bulk Density. —Stsindaid Method 
of Test for Bulk Density of Thermal 
Insulating Cement (A.S.T.M. Designa- 
tion: C 164).® 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(5) Dry Covering Capacity. — ^Tenta- 
tive Methods of Test for Covering 
Capacity and Volume Change Upon 
Drying of Thermal Insulating Cement 
(A.S.T.M. Designation: C 166).® 

(c) Volume Change Upon Drying . — 
Tentative Methods of Test for Covering 
Capacity and Volume Change Upon 
Drying of Thermal Insulating Cement 
(A.S.T.M. Designation: C 166).® 

{d) Thermal Conductivity . — ^Tentative 
Method of Test for Thermal Conductiv- 
ity of Materials by Means of the 
Guarded Hot Plate (A.S.T.M. Designa- 
tion: C 177),® except that the test speci- 
mens shall be prepared as follows: 

Test specimens shall be molded in a 
mold of suitable size and shape for the 
guarded hot plate to be used, and 1| in. 
in depth. The cement shall be mixed 
with water in accordance with the 
Standard Methods of Sampling and Mix- 
ing Thermal Insulating Cement (A.S. 
T.M. Designation: C 163).® The mold 
shall be placed in a horizontal position 
on a piece of plate glass 14 or 15 in. 
square. The mixed cement shall be 
placed in the mold, the top surface of the 
cement troweled smooth, and a sheet of 
ordinary writing paper placed on top of 
the cement. A steel plate 14 or 15 in. 
square by i in, in thickness, having nine 


equally spaced holes in. in diameter in 
the central area 10 in. in diameter, shall 
be placed on top of the mold and a 
pointed pin used to puncture the paper 
immediately under the T^-in. holes in the 
steel plate. This entire assembly shall 
be then inverted and the glass plate re- 
moved, the surface of the cement 
troweled smooth and flush with the top 
of the mold, and the mold then carefully 
removed. The perforated plate with 
the molded cement shall be placed on an 
open shelf of an oven having a volume 
at least 50 times that of the specimens 
to be dried. The test specimens shall 
remain in the oven for at least 48 hr. at a 
temperature of 225 ± 25 F, Upon 
removal from the oven, the surfaces of 
the specimens shall be made plane and 
parallel by cutting, sandpapering, or 
rubbing, or by a combination of these 
methods. The lateral dimensions of the 
specimens shall be governed by the size 
of the guarded hot plate apparatus. 

Rejection 

5. The cement may be rejected if it 
fails to conform to any of the require- 
ments of these specifications. In case 
of dispute, a demand for a retest shall be 
granted. 


Tentative Methods of Test for 

COVERING CAPACITY AND VOLUME CHANGE UPON 
DRYING OF THERMAL INSULATING CEMENT' 



A.S.T.M. Designation: C 166 - 41 T 
ISSTTED, 1941.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. Wet covering capacity and volume 
change upon drying are often of major 
importance in the application of thermal 
insulating cement. These properties 
can be easily determined at the same time 
that the determinations of dry covering 
capacity are made. Therefore, the pro- 
cedures for determining these three 
properties are covered together in these 
methods. 

Definitions 

2. (a) Wei Covering Capacity. — The 
wet covering capacity is the volume 
occupied in “board feet per 100 lb. of dry 
cement” when the cement is mixed with 
the recommended amount of water and 
molded. 

{b) Dry Covering Capacity. — ^The dry 
covering capacity is the volume occupied 
in “board feet per 100 lb. of dry cement” 
after the wet cement is molded and dried 
to constant weight in accordance with 
Section 5. 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S,T.M. 
Committee C-16 on Thermal Insulating Materials. 

* Accepted by the Society at annual meeting, June, 1941. 


(c) Volume Change upon Drying . — 
The volume change upon drying is the 
percentage change in volume of the 
molded cement mixed with the recom- 
mended amount of water when dried to 
constant weight in accordance with 
Section 5. 

Apparatus 

3. The apparatus shall consist of the 
following: 

(a) Mold. — A rigid mold having inside 
dimensions of 1 by 12 by 36 in. with one 
end and one face open, and a piece of 
wood or other suitable material 1 by 2 
by 11 1 in. in dimensions for squaring up 
the end of the test specimen toward the 
open end of the mold. 

(b) Wax Paper. — Sheets of wax paper 
12 by 36 in. in dimensions. 

(c) Engine Oil. 

(d) Trowel, — A 16-in. rectangular 

plasterer's trowel. 

{e) Steel Rules, — Steel rules 18 and 
36 in. in length, accurate to within ^ in. 

(f) Depth Gage. — A depth gage con- 
sisting of a rigid, pointed rod approxi- 
mately I in. in diameter fitted with a 
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flat disk about | in. in diameter which 
may be moved along the rod either by a 
sliding action or by means of threads. 

Sampling and Mixing 

4. The cement shall be sampled and 
mixed in accordance with the Standard 
Methods of Sampling and Mixing Ther- 
mal Insulating Cement (A.S.T.M. Des- 
ignation: C 163) of the American 
Society for Testing Materials,^ 

Procedure 

5. (a) The inside surfaces of the mold 


cement in order to make a square end 
and to prevent movement of the cement 
after the troweling is completed. 

(c) The thickness shall be measured 
at nine points on the top surface of the 
sample as indicated in Fig. 1, 

(d) Thickness measurements shall be 
made within an accuracy of plus or 
minus 2 per cent by means of a depth 
gage. The pointed rod of the depth 
gage shall be carefully pushed through 
the cement until it comes in contact 
with the bottom of the mold. The rod 
shall be constantly held in a vertical 



Fig. 1. — Mold for Test Specimens and Locations of Points for Thickness Measm-ements. 


shall be well oiled or lined with wax 
paper in order to prevent the cement 
from sticking to the sides and to permit 
convenient removal of the specimen. 
The mixed cement shall then be placed 
in the mold. 

(6) The cement shall be troweled in 
one layer and in two directions length- 
wise of the mold without unnecessary 
compacting, until the surface is smooth 
and flush with the top edges of the mold. 
Sufi&cient wet cement shall be used to fill 
the mold when the piece of wood or other 
suitable material is in place in the open 
end of the mold and in contact with the 


* Appears ia this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


position and the disk shall be adjusted 
until its flat surface just comes into con- 
tact with the top surface of the cement. 
The disk shall be secured to the pin 
before the gage is withdrawn from the 
cement. The thickness of the cement 
shall be determined by measuring the 
distance from the flat surface of the disk 
to the pointed end of the rod with a steel 
rule or by some other suitable scale. 
The indentations in the cement showing 
the points of measurement shall not be 
filled but shall be allowed to dry in place. 

(e) The width and length measure- 
ments shall be made with the steel rules 
within an accuracy of plus or minus rg- in. 
Width measurements shall be made at 
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locations approximately 6 in, from each 
end of the specimen. Length measure- 
ments shall be made at locations approxi- 
mately 2 in. from each side of the 
specimen. While making these meas- 
urements, the edge of the steel rule shall 
be allowed to make an indentation in the 
wet cement in order to assure measure- 
ments at the same locations after the 
cement has been dried. 

(/) Immediately after the measure- 
ments have been made, or as soon there- 
after as reconunended by the manu- 
facturer, the cement specimen and mold 
shall be placed in an oven at 225 db 25 F. 
until dried to constant weight. The 
oven shall be adequately vented and 
shall have a volume at least 50 times 
that of the specimens in the oven. 

(g) After the dried specimen is 
weighed, it shall be measured for thick- 
ness, width, and length at the same loca- 
tions at which corresponding measure- 
ments were made before the specimen 
was dried. These locations are indicated 
by the indentation marks made in the 
wet cement. The thickness shall be 
measured as described in Paragraph (d). 
In order to prevent false thickness 
measurements on the dry specimen, due 
to the bottom surface of the specimen 
convexing, the specimen shall be re- 
moved from the mold and a flexible 
steel rule placed so as to conform to the 
bottom surface of the specimen at points 
where the thickness is to be measured. 
The point of the depth gage shall be 
inserted from the original top face until 
it touches the steel rule. 

Calculations 

6, The wet and dry covering capaci- 
ties and the volume change upon dr 3 dng 
shall be calculated as follows: 


= 


dbl 

mw 


X 100 


dibih 


X 100 


IMW 
m) “ idibih) 


X 100 


where: 


Cw — wet covering capacity in board 
feet per 100 lb. of dry cement, 

Cd == dry covering capacity in board 
feet per 100 lb. of dry cement, 

V = percentage volume change upon 
drying, 


d = average thickness of wet speci- 
men in inches. 


b — average width of wet specimen 
in inches. 


I = average length of wet specimen 
in inches, 


W = weight of dry specimen in 
pounds, 


di = average thickness of dry speci- 
men in inches, 


bi = average width of dry specimen 
in inches, and 

k = average length of dry specimen 
in inches. 

Note. — Due to the wax paper or oil treat- 
ment preventing adhesion between cement and 
mold, the volume change (shrinkage) on drying 
will usually be greater in this test than that 
encountered in service where adhesion is ob- 
tained between the cement and the surface on 
which it is applied. 


Tentative Methods of Test for 

COMPRESSIVE STRENGTH AND FLEXURAL STRENGTH OF 
PREFORMED BLOCK TYPE THERMAL INSULATING 
MATERIALS' 



A.S.T.M, Designation: C 165 - 41 T 
ISSTJED, 1941.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St,, Philadelphia 2, Pa. 


Scope 

1. These methods of test cover pro- 
cedures for determining the compressive 
strength and flexural strength of pre- 
formed block type thermal insulating 
materials. 

Note. — These methods are not applicable 
to certain types of thermal insulating materials. 

CoMPEESSiVE Strength 
Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Testing Machine.— Kny form of 
standard hydraulic or mechanical com- 
pression testing machine. 

(&) Spherical Bearing Block . — A 
spherical bearing block having a plane 
bearing surface at least 6 in. square. 

Test Specimens 

3. {a) The test specimens shall be 
preferably 6 in., but in no case less than 
5 in., square. 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Commiteee C-16 on Thermal Insulating Materials. 

^ Accepted by the Society at annual meeting, June, 1941. 


Note.— W hen comparative tests are to be 
made on preformed materials, all test specimens 
shall be of the same thickness, preferably 1§ in, 

(&) The specimens shall be cut from 
larger blocks or irregular shapes in such a 
manner as to preserve as many of the 
original surfaces as possible. Only one 
specimen shall be cut from a single block 
or shape. The bearing faces of the test 
specimens shall be approximately parallel 
planes. Where the original surfaces of 
the block are substantially plane and 
parallel, no special preparation of the 
surfaces will usually be necessary. In 
preparing specimens from pieces of 
irregular shape, any means such as a 
band saw, or any method involving the 
use of abrasives such as a high-speed 
abrasion wheel or a rubbing bed, that 
will produce a specimen with approxi- 
mately plane and parallel faces without 
weakening the structure of the specimen 
may be used. 

(c) The test specimens shall be dried 
in a vented oven for not less than 16 hr. 
at 225 ± 25 F. 

Procedure 

4. (a) At least four specimens shall be 
tested. In the case of blocks 3 in. in 
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width, two pieces each 6 in. in lengtli 
shall be cut from the same block and 
tested side by side simultaneously; the 
two pieces shall count as one test 
specimen. 

(&) The specimens shall be tested im- 
mediately upon removal from the drying 
oven. 

(c) The load shall be applied per- 
pendicular to the square face of the test 
specimen. 

(d) The bearing block shall be used 
on top of the test specimen in vertical 
testing machines when only one bearing 
block is provided. The plane bearing 
surface of the block assembly shall be in 


Crosshead of 
Tesfing. Machine 

'W//////////M 


■^^^phericoj Bearing 


^ Block Assembly 


SphericorSurfQce \^''\ ' '|<~-7es/ Specimen 

— 


Testing Machine 

Fig. 1. — Spherical Bearing Block for 
Compressive Strength Test. 


contact with the entire area of the top 
square face of the test specimen, and the 
bearing surface shall be parallel to the 
weighing table of the testing machine 
(Fig. 1). The spherical seat of the bear- 
ing block shall be kept thoroughly 
lubricated to insure accurate adjust- 
ment, which should be made by hand 
under an initial load of 2 psi. 

(e) The speed of the moving head of 
the testing machine shall be not more 
than 0.05 in. per min. 

(/) The specimen shall be compressed 
to a deformation of 5 per cent of its 
original thickness unless definite failure 
shall have occurred before this deforma- 
tion is reached. The loads required to 


produce failure and/or deformations of 
1, 2, 3, 4, and 5 per cent shall be re- 
corded. 

Calculations 

5. (a) The compressive strength shall 
be calculated as follows: 



where: 

S — compressive strength in pounds 
per square inch, 

W = load in pounds at 5 per cent de- 
formation or at failure, which- 
ever is smaller, and 

A — average of the gross areas of the 
top and bottom faces of the 
specimen in square inches. 

(6) The stress in pounds per square 
inch required to produce deformations 
of 1, 2, 3, and 4 per cent shall also be 
calculated from the formula given in 
Paragraph (a). 

Report 

6. The report shall include the 
following: 

(1) The average value of the com- 
pressive strength in pounds per square 
inch, and 

(2) The average values of the stresses 
in pounds per square inch required to 
produce deformations of 1, 2, 3, and 4 
per cent. 

Flexural Strength 
Apparatus 

7. The apparatus shall consist of the 
following: 

(a) Testing Machine . — ^Any form of 
standard testing machine capable of 
applying and measuring the required 
load within an accuracy of plus or minus 
2 per cent. 
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{b) Bearing Edges . — Cylindrical bear- 
ing edges IJ ± j in. in diameter. The 
bearing cylinders shall be straight and 
shall be self-aligning so as to maintain 
full contact with the specimen through- 
out the test. They shall have a length 
at least equal to the width of the 
specimen. 

Note. — ^The apparatus shown in Kg. 2 of 
the Standard Methods of Test for Cold Crush- 
ing Strength and Modulus of Rupture of Re- 
fractory Brick and Shapes (A.S.T.M. Designa- 
tion: C 133) of the American Society for Testing 
Materials® is an acceptable form but of shorter 
span than is specified in Section 9 (6) of these 
methods. 

Test Specimens 

8. (a) The test specimens shall be 
preferably 6 in., but in no case less than 
3 in., in width and shall be approxi- 
mately 12 in. in length. 

Note. — If the test specimen is cut to obtain 
a narrower width than as-received, the cut shall 
be made lengthwise of the block. When com- 
parative tests are to be made on preformed ma- 
terials, all specimens shall be of the same thick- 
ness, preferably in. 

(&) Test specimens shall be prepared 
in accordance with Section 3 (b) and (c). 

Procedure 

9. (o) At least four specimens shall be 
tested. 

(b) The bearing edges shall be placed 
so as to provide a span of 10 in. A test 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 


specimen shall be placed flatwise on the 
bearing edges and the load applied at 
mid-span, across the width and per- 
pendicular to the top face of the 
specimen. 

(c) The speed of the moving head of 
the testing machine, during the applica- 
tion of the load, shall be not more than 
0.05 in. per min., or the rate of loading 
shall be not more than 500 lb. per min. 

(d) The load shall be applied until 
definite failure occurs, and the maximum 
load in pounds as indicated by the testing 
equipment shall be recorded. 

Calculation 

10. The flexural strength shall be cal- 
culated as follows: 

2bd^ 

where: 

R = flexural strength in pounds per 
square inch, 

W — load in pounds at which the 
specimen failed, 

I — distance between the supports 
in inches, 

b = width of the specimen in inches, 
and 

d — thickness of the specimen in 
inches. 

Report 

11. The average value of the flexural 
strength in pounds per square inch shall 
be reported. 


Tentative Method of Test for 

THERMAL CONDUCTIVITY OF MATERIALS BY MEANS 
OF THE GUARDED HOT PLATE' 



A.S.T.M. Designation: C 177-42 T 
Issued, 1942.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


This method was developed by the Joint Committee on Thermal Conductivity of All 
Forms of Insulation, sponsored by theA.S.E.V.E., A.S.T.M., A.S.R.E., and N.R.C. 


Introduction 

1. (a) This method describes proce- 
dures to be used in the determination, by 
means of the guarded hot plate, of the 
thermal conductivity of insulating, 
building, and other materials, whose con- 
ductivities do not exceed the maximum 
value for which these procedures are 
applicable as specified in Section 2. 

(&) Because of the requirements pre- 
scribed in this method as to conditions 
under which conductivity tests shall be 
made, it should be recognized that the 
conductivity coefficients obtained will 
not necessarily be the values pertaining 
under all service conditions. As an 
example, the method provides that the 
conductivity coefficients shall be ob- 
tained by test on dry specimens, while 


I Under the standardization procedure of the Society, 
this inethoci is under the jurisdiction of the A.S.T.M. 
Committee C-16 on Thermal Insulating Materials. 

- Accepted by the Society at annual meeting, June, 


in service such a condition will seldom 
be realized. 

(c) The guarded hot plate is generally 
used for determining the thermal con- 
ductivity of homogeneous materials in 
the form of flat slabs, and this method 
covers the procedure for such tests. It 
is recognized, however, that it is fre- 
quently desirable to determine the con- 
ductivity of certain materials used as 
pipe coverings, etc., and also materials 
constituting a wall construction or a part 
thereof. For such purposes the 
guarded-end or calibrated-end pipe 
methods of test and the guarded hot 
box method are recommended. 

(d) For satisfactory results, the prin- 
ciples governing the size, construction, 
and use of apparatus for the test de- 
scribed in this method should be fol- 
lowed. If the results are to be reported 
as having been obtained by this method, 
then all of the requirements prescribed in 
this method shall be met. 
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(e) It should be recognized that it is 
impossible in a method of this t 3 ^e to 
establish details of construction and pro- 
cedure covering all contingencies so that 
it can be followed by a nontechnical per- 
son; and that, on this account, technical 
knowledge on the part of those using this 
method concerning the theory of heat 
flow, temperature measurement, and 
general testing practices cannot be dis- 
pensed with as a result of the standardi- 
zation of the method. It is further 
recognized that it would be unwise, be- 
cause of the standardization of this 
method, to restrict in anyway the activi- 
ties of research workers in the further 
development of new and improved 
methods. 

Scope 

2. (a) For practical purposes, this 
method of test is limited to the de- 
termination of the thermal conductivity 
of materials having conductivities not in 
excess of 5.0 Btu. in. per sq. ft. per hr. 
per deg. Fahr. 

(b) The method is further limited in 
its application to thermal conductivity 
tests between the extreme temperatures 
of —50 F, and 1400 F., or between mean 
temperatures of approxiniately 0 F. and 
1200 F. 

Symbols and Definitions 

3. (a) Symbols . — ^The symbols used 
in this method have the following signifi- 
cance: 

Q = total quantity of heat trans- 
ferred, 
r = time, 

q = ^ = rate of heat flow, 

T 

A = actual area normal to the 
path of heat flow (flat sur- 
face), 

k = thermal conductivity, 
h — temperature of the hot sur- 
face. 


^2 == temperature of the cold sur- 
face, 

L = length of path of heat flow 
(thickness), 

R = thermal resistance (degrees, 
per unit of heat transferrecl 
per unit time), and 

^ ~ R~ conductance (heat 

transferred per unit time, 
per degree). 

(b) Thermal Conductivity .- — ^The ther- 
mal conductivity of a homogeneous ma- 
terial is the rate of heat flow, under 
steady conditions, through unit area, per 
unit temperature gradient in the direc- 
tion perpendicular to the area. It is 
calculated as follows: 


Ar{h~ti) Aih-h)'""' 

Note 1. — ^Thermal conductivity is usually 
expressed in English units as Btu. per sq. ft. per 
hr. per deg. Fahr. for a thickness of 1 in. This 
may be expressed mathematically as Btu. in. 
per hr. sq. ft. deg. Fahr., or Btu. hr.“^ ft."^ deg. 
Fahr."^ in., or in various other forms. Other 
units are also found in the literature, and the 
conversion factors given in Table I may there- 
fore be found useful. 


TABLE I.-CONVERSION FACTORS FOR THERMAL 
CONDUCTIVITY. 



Cal. cm. 
per sec. 
per 

sq.^. 
per deg. 
Cent. 

Watts 
cm. per 
sq.cm, 
per deg. 
Cent. 

Kg- 
cal. m. 
per hr. 
per 
sq.m, 
per deg.| 
Cent. 

Btu. in. 
per sq. 
ft. per 
hr. per 
deg. 
Fahr. 

1 cal. cm . per sec. per 
sq. cm. per deg. 


4.185 

1 


2903 

1 watt cm. per sq. 
cm. per deg. Cent.. 

0.23S9 

86.00 

693.7 

1 kg-cal. m. per hr. 
per sq. m. per deg. 
Cent 

0.002778 

0.01163 

1 

8.064 

1 

1 Btu. in. per sq. ft. 
hr. per deg. 

0.000344S 

0.001442 

0.1240 




(c) Thermal Conductance . — The ther- 
mal conductance of a body between two 


1284 Test tor Thermal Conductivity by Guarded Hot Plate (C 177 - 42 T) 


specified isothermal surfaces is equal to 
the rate of heat flow through the body, 
per unit difference between the tem- 
peratures of the isothermal surfaces 
under consideration. It is calculated as 
follows: 


C 


1 

R 


g 

(k-Q 


( 2 ) 


Note 2. — Thermal conductance is usually 
expressed in English units as Btu. per hr. per 
deg. Fahr. temperature difference between the 
two surfaces. Recent developments in nomen- 
clature have largely eliminated the term C in 
favor of the expression 1/R. The heating and 
ventilating engineer, however, dealing largely 
with compound walls, makes considerable use 
of the term unit conductance or C/unit area, 
and has, therefore, continued the use of the term 
C for conductance. 


Apparatus 

4. (a) It is not intended in this 
method to include detailed requirements 
for the construction or operation of any 
particular guarded hot plate for deter- 
mining conductivity values. Any plate 
conforming to the limitations prescribed 
in Paragraphs (b) to (i) will be satisfac- 
tory. 

Note. — For the convenience of new workers 
in the field, arrangements have been made for 
making available complete specifications and 
directions for the building and use of three 
typical guarded hot plates* complying with the 
requirements of this method and known as the 
National Bureau of Standards plate, the Na- 
tional Research Council plate, and the Alundum 
plate. The National Bureau of Standards plate 
and the National Research Council plate are 
square and have metal surface plates. The 
Alundum plate is built with the heating coils 
molded into alundum cement so as to give a 
circular plate with alundum cement faces. It 
has the obvious advantage of being usable in the 
moderate high temperature field. 

(b) The general features of the 
guarded hot plate are shown in Fig. 1. 

3 Detailed information on each of the three guarded 
hot plates mentioned is available from the American 
Society for Testing Materials, 260 S. Broad St., Philadel- 
phia 2, Pa. 


The plates are usually square, but round 
plates are occasionally used. The term 
guarded hot plate is applied to the en- 
tire assembled apparatus including the 



A— Central Heater. \ Central Section 

B— Central Surface Plates. / of Heating 
Unit. 

C — Guard Heater. 1 Guard Section ol 

D — Guard Surface Plates. / Heating Unit. 

E— Cooling Units. 

E*— Cooling Unit Surface Plates. 

F— Differential Thermocouples. 

G — ^Heating Unit Surface Thermocouples. 

H— Cooling Unit Surface Thermocouples. 

I— Test Specimens. 

Fig. 1. — General Features of the Guarded 
Hot Plate. 


Heating 
Unit < 
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heating unit and the cooling units. The 
heating unit consists of the central sec- 
tion of the heating unit and the guard 
section of the heating unit. The central 
section of the heating unit consists of a 
central heater and central surface plates. 
The guard section of the heating unit 
consists of one or more guard heaters and 
the guard surface plates. The surface 
plates are usually made of noncorrosive, 
highly conducting metal; however, the 
central section and the guard section of 
the heating unit may each be molded of 
alundum cement or other materials of 
low conductivity so as to include both 
the heater and the surface plates. 

(c) In the design of the guai'ded hot 
plate for testing materials for use in 
any particular temperature or conduc- 
tivity range, due consideration shall be 
given to the materials used in the con- 
struction of the hot plate with respect to 
their performance at the temperature 
to which the plate will be subjected. 
Consideration shall also be given to the 
rate at which heat must be supplied and 
absorbed by the heater and the coolers 
in designing the electrical resistance and 
current-carrying capacity of the heating 
element. Otherwise, no particular 
variations need be made in the design of 
hot plates for use in determining the 
conductivity of materials at the widely 
different mean temperatures mentioned 
in Section 2 (&). 

(d) Heating units having metallic sur- 
faces shall have a definite separation or 
air gap not greater than | in. between 
the measuring area of the central surface 
plate and the guard surface plates. 
These plates shall have highly emissive 
surfaces. The separation between the 
main central section and the guard sec- 
tion of the heating units shall not exceed 
I in., and this separation is allowable 
only if the spacing bars on either side 
of the plate separation are of heavy cop- 


per in order to distribute the heat on the 
surface plates. In all other cases the 
separation shall not exceed i in. The 
test area shall be calculated from the 
center of one separation to the center of 
the other separation across the central 
surface of the plate."^ 

(e) The heater of the guarded hot 
plate shall be provided with at least two 
thermocouples on each face of the central 
surface plate, and at least two thermo- 
couples on each face of the guard surface 
plate, located at opposite edges. These 
thermocouples may be read either indi- 
vidually to indicate any temperature 
difference that may exist between the 
central and guard surface plates or 
they may be connected differentially, 
and thus indicate such temperature 
difference directly. The differential 
method of connecting the center-to- 
guard thermocouples is the more sensi- 
tive, and is to be preferred. When the 
thermocouples are to be read indi- 
vidually, they may be peened, welded, 
or soldered to the surface plates. When 
they are to be connected differentially, 
it is essential that they be electrically 
insulated from each other. This may be 
accomplished by installing the thermo- 
couples in shallow grooves in the surface 
plates with an electrically insulating 
cement, in such a manner that the bead 
of each thermocouple is in the plane of 
the surface of the plate. 

(/) The cooling units shall have the 
same surface dimensions as the heating 
unit. They may consist of metallic 
plates cooled by a fluid, electrically 
heated plates maintained at tempera- 
tures below that of the heating unit, or 
thermal insulation applied to the cool 


* In putting a new heating unit into operation for tlie 
first time, care should be taken to insure that the two faces 
of the heating unit maintain essentially equal temperature 
throughout lie temperature range of the apparatus. 
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surface of the test specimen, depending 
on the mean temperature desired. 

(g) The surface temperatures of the 
test specimen may be determined either 
by means of thermocouples mounted in 
the hot and cold plates or by thermo- 
couples located in the surface of the 
specimen, depending on the nature of the 
material to be tested. For nonrigid ma- 
terials that have a unit conductance of 
less than 1.0 Btu. per sq. ft. per hr. 
per deg. Fahr. and that conform to 
the surfaces of the plates, the surface 
temperatures of the specimens shall be 
taken as those indicated by the thermo- 
couples attached to the hot and cold 
surface plates. For this purpose both 
the hot and cold plates shall each be 
supplied with at least two thermocouples 
mounted in the surfaces of the plates as 
described in Paragraph (e) . Preferably, 
the thermocouples should be insulated 
from the plates and read differentially 
between the hot and cold plates, the 
surface temperatures of the specimen 
being taken as those of the plate surfaces 
in contact with it. For rigid materials 
that fail to conform to the surfaces 
of the plate, and for all materials hav- 
ing a unit conductance higher than 1.0 
Btu. per sq. ft. per hr. per deg. Fahr., 
separate surface thermocouples shall be 
used. These thermocouples shall be 
mounted on the surface of the specimen 
in any convenient manner suitable for 
the purpose, such that the thermocouple 
junction is flush with the surface of the 
specimen. When thermocouples are used 
in the surface of the specimen, there 
shall be placed between the surfaces of 
the specimen and the hot and cold plates 
a piece of blotting paper or asbestos 
paper, depending on the temperatures 
encountered. For nonrigid materials of 
low conductivity, the use of thermo- 
couples in the plates is preferred; while 


for rigid materials and those of high 
conductivity, the use of surface thermo- 
couples is preferred. In the inter- 
mediate range the choice of method is 
left to the judgment of the operator. 

(h) The thermocouples mounted in 
the surfaces of the plates shall be made 
of wire not larger than No. 23 A.w.g., 
while those used as surface thermo- 
couples shall be made of wire not larger 
than No. 29 A.w.g. 

(i) A potentiometer having a sensi- 
tivity of 5 microvolts or less shall be used 
for all measurements of electromotive 
force. 

Sampling and Preparation of Specimens 

5. (a) When this method is used as a 
guide in determining the thermal con- 
ductivity of special samples for control 
of manufacturing processes, for deter- 
mining compliance with purchase speci- 
fications, and for other similar purposes, 
the selection and preparation of samples 
must obviously be left to the discretion 
of the person desiring the information. 
When, however, standard tests are to be 
made for the purpose of reporting ther- 
mal conductivity 6f a given material for 
consumer use, or for any other purpose 
where a definite statement of the histor>’' 
and condition of the sample is not avail- 
able, and in all cases where the test is 
reported as having been performed in 
accordance with this method, the ma- 
terial shall be sampled and the specimens 
shall be prepared in accordance with 
Paragraphs (&) to (h). 

{b) The sample shall be selected so as 
to provide two specimens as nearly iden- 
tical as possible and of such size as to 
completely cover the heating unit. The 
specimens shall be of sufficient thickness 
to give a true average representation of 
the insulating material to be tested. 
Since excessive thickness of the speci- 
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mens and consequent excessive dimen- 
sions of the area of the guarded hot plate 
unnecessarily complicate the manipula- 
tion of the test procedure, the specimens 
shall not be too thick. The thickness of 
the specimen shall be great enough to 
allow a sufficiently accurate measure- 
ment of this dimension for calculating 
the thermal conductivity. The relation- 
ship between the maximum thickness of 
the test specimen used and the minimum 
dimensions of the guarded hot plate shah, 
be as follows: 


Maximum 
Thickness 
of Test_ 
Specimen, in. 


Minimum Linear Surface Dimensions of 
Guarded HotPIate(Squareor Round) , in . 
Central Section Guard Section 
or Test Area of or Guard Area of 
Heating Unit Heating Unit 


1 



4 , 


4 

8 

12 

12 


U 

2 | 

3 

6 


(c) The sample shall be chosen as a 
fair representative of the material of 
the particular type on the market, or 
that to be used by the consumer. It 
should, therefore, preferably be pur- 
chased on the open market by an un- 
biased person. Three separate samples, 
not expected to have originated from the 
same day’s output at the manufacturing 
plant, nor from a single shipment there- 
from, shall be thus obtained from three 
different sources. The three or four 
tests prescribed in Section 6 {a) shall 
be made on each of these three samples 
in determining the conductivity of the 
given material. 

{d) In testing all forms of homogene- 
ous materials, the surfaces of the test 
specimens shall be made as plane as 
possible, by sandpapering or otherwise, 
in order that intimate contact between 
the specimens and the plates or the paper 
may be effected. 

(e) The sample from which the test 
specimens are to be taken shall be 
weighed in the as-received condition and 


then dried at 215 F, until excess moisture 
is driven off as indicated by a constant- 
weight determination. (If the material 
is one that may be chemically affected by 
heating to 215 F., the sample shall be 
dried in a desiccator at from 120 to 140 
F.) The as-received weight, the dry 
weight, and the necessary physical di- 
mensions of the sample for calculation of 
the density of the material as tested 
shallbe recorded. (For solid and blanlcet- 
type materials the physical dimensions 
shall be determined separately before 
and after drying. The density of loose- 
fill materials shall be based on the volume 
occupied in the guarded hot plate and the 
weight after drying.) 

(/) Samples of homogeneous solid ma- 
terials to be used for test shall be dried 
in accordance with Paragraph (e), and 
the specimens cut to size, or molded or 
pressed into the proper size and shape, 
with due consideration to the treatment 
of the material in question, weighed, and 
placed in the guarded hot plate for meas- 
urement of thickness, prior to testing, in 
accordance with Section 6 (c). 

(g) Samples of blanket-t 3 pe mate- 
rials to be used for test shall, after being- 
dried in accordance with Paragraph (e), 
be measured for thickness in accordance 
with the Standard Methods of Test for 
Thickness and Density of Blanket Type 
Thermal Insulating Materials (A.S.T.M. 
Designation: C 167) of the American 
Society for Testing Materials.^ Two 
representative specimens of the material 
cut to proper size shall be weighed, then 
placed in the guarded hot plate and com- 
pressed to the specified thickness, and 
the thickness measured in accordance 
with Section 6 (c). 

(h) Samples of loose-fill materials to 
be tested at any prescribed density 

6 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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shall, after drying in accordance with 
Paragraph (e), be confined in the shape 
of a square or circular slab of dimensions 
suitable for the particular hot plate to 
be used and of a thickness not less than 
five times the size of any particle com- 
posing the test specimen, provided that 
in no case shall the thickness be less than 
1 in. Two representative portions of 
the sample, of such weight (determined 
to an accuracy of plus or minus 0.5 per 
cent) as will give the prescribed density 
when packed into spaces of the required 
dimensions, shall be weighed out and 
fluffed up. The test specimens shall 
then be prepared in accordance with 
either method 1 or 2, as follows: 

Method 1 . — ^'Ihe guarded hot plate 
shall be set up with the required dis- 
tances between the heating unit and the 
cold plates. Each portion of the sample 
shall be divided into four equal parts. 
One part shall be placed in one side of 
the apparatus and vibrated or tamped 
until it occupies just one-quarter of the 
volume of that side. The remaining 
parts shall be introduced in the same 
way, one at a time, packing the mate- 
rial down by vibrating or tamping until 
it occupies its appropriate volume. The 
other sample shall then be placed in the 
Other side of the apparatus in exactly 
the same manner. 

Method 2.— Two shallow square or cir- 
cular boxes having outside flat dimen- 
sions the same as those of the guarded 
hot plate shall be used. The edges shall 
be made of wood strips j in. in thickness 
and of such width as to make the depth 
of the box equal to the thickness of the 
specimen to be tested. The two square 
or circular faces shall be made by gluing 
blotting paper or asbestos paper to the 
edges of the strips. With one face in 
place and the boxes lying horizontally, 
one portion of the sample shall be placed 
in each box, the material pressed down, 


and the other paper face glued in place. 
These two boxes containing the test 
specimens shall then be placed in the 
guarded hot plate. For materials the 
densities of which cannot be altered at 
will, the container shall be placed in a 
horizontal position with one side open, 
an excess of the dried sample weighed 
and poured in, the container shaken, 
and the excess material leveled before 
the upper paper face is glued in place. 
The weight of the material used shall be 
obtained by weighing the excess and 
subtracting it from the weight of the 
original material. 

Procedure 

6. {a) At least three and preferably 
four determinations shall be made on 
each specimen at mean temperatures 
which will cover the range of tempera- 
tures over which the material is to be 
used. For any test, the temperature 
difference across the specimen shall be 
not less than 40 F. The above mean 
temperatures of the specimen shall differ 
from each other by at least 30 F. 

(Z>) The atmosphere surrounding the 
test equipment shall have a dew-point 
temperature not higher than the coolest 
part of any surface or material in, or 
forming a part of, the test apparatus, 

(c) If the thermocouples mounted in 
the surfaces of the plates are used to 
determine surface temperatures (Section 
4 (g)) the thickness of the test specimen 
shall be taken as the distance between 
the surfaces of the hot and cold plates 
when the specimen is in place in the 
apparatus. If separate surface thermo- 
couples are used, the thickness of the 
test specimen shall be taken as the dis- 
tance between the surfaces of the hot 
and cold plates when the specimen is 
in place in the apparatus, minus the 
thickness of the two layers of blotting or 
asbestos paper used. 
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(d) The heating element of the central 
heater shall be supplied with electrical 
energy regulated to give the desired tem- 
perature gradient through the test speci- 
men and held constant within plus or 
minus 1 per cent, means being provided 
to measure this energy. Automatic 
regulation is recommended. Where 
automatic regulation is not available, 
the energy input shall be regulated by 
means of manual adjustment. The rate 
of electrical energy input to the guard 
ring shall then be adjusted so that the 
maximum temperature difference (Para- 
graph (e)) between the center and guard 
surface plates during the 5-hr. test ob- 
servation period shall be not greater 
than 0.75 per cent of the average tem- 
perature drop through the two halves 
of the specimen, as determined by the 
differential thermocouples or the surface 
thermocouples. The average tempera- 
ture difference between these surface 
plates during the test period shall be 
not greater than 0.2 per cent of the tem- 
perature drop through the specimen. 

{e) The cooling units shall be so ad- 
justed that the temperature drops 
through the two test specimens shall 
not differ by more than 1 per cent. 

(f) After steady state has been 
reached, the test shall be continued with 
the necessary observations being made 
to determine temperature difference, 
center-to-guard thermal balance, and 
heat input until successive observations 
made at intervals of not greater than 1 
hr,, over a period of 5 hr,, give thermal 
conductivity values that are constant to 
within 1 per cent, , 

(g) Upon completion of the test, the 
specimen shall be reweighed and the 
weight recorded. 

Calculations 

7. (a) The density of the sample after 
drying, the moisture in the sample as 


received, and the moisture regain during 
test shall be calculated as follows; 


where: 

D — density of the sample after drying 
(pounds per cubic inch or grams 
per cubic centimeter), 

M — moisture in the sample as received 
(pounds per cubic inch or grams 
per cubic centimeter), 

R = moisture regain during test (pounds 
per cubic inch or grams per cubic 
centimeter), 

A = weight of sample after drying 
prior to test (pounds or grams), 
B — volume of sample after drying (cu- 
bic inches or cubic centimeters), 
C = weight of sample as received 
(pounds or grams), 

F = weight of specimen prior to test 
(pounds or grams), and 
G = weight of specimen after test 
(pounds or grams). 

(5) Thermal conductivity shall be 
calculated by means of Eq. 1 (Section 

3 m 

Report 

8. (a) The report of the results of 
each test shall include the following : 

(1) Name and any other identifica- 
tion of the material, 

(2) Thickness of specimen tested, 

(3) Dry weight of sample before test, 

(4) Density of dried sample (before 
test), 

(5) Moisture in sample “as re- 
ceived,” 
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(6) Moisture regain during test, 

(7) Temperature range of test, 

((?) Hot-surface temperature, 

(P) Cold-surface temperature, 

(JO) Mean temperature of test, 

(IJ) Heat input in Btu. per sq. ft. per 
hr., and 

(12) Thermal conductivity. 


(b) The conductivity - mean tempera- 
ture relationship for any material tested 
shall be obtained from a curve resulting 
from plotting the thermal conductivity 
versus mean temperature, and represent- 
ing the average of the tests on the three 
samples tested. The maximum devia- 
tion obtained from this average curve, 
and the mean temperature at which this 
maximum occurs shall be reported. 



Tentative Speciji cations for 

AIR-SETTING REFRACTORY MORTARS (WET TYPE) FOR 
BOILER AND INCINERATOR SERVICES' 


A.S.T.M. Designation: C 178 - 44*T 
Issued, 1943; Revised, 1944.2 

TMs Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover the wet 
tj^pe of air-setting refractory mortars 
for use in laying up fireclay refractories 
in boiler furnaces and incinerators. Re- 
quirements are specified for three classes 
of mortars. The mortar used should be 
of suflacient refractoriness for the type 
of service encountered. Unless otherwise 
specified, high heat duty mortar shall be 
supplied. 

Classes 

2. High-temperature refractory mor- 
tars are classified according to the 
service and grade of fireclay refractories 
with which they are to be used. The 
several classes of mortars are distin- 
guished by their refractoriness test tem- 
peratures (Section 4 as follows: 


Super duty 2910 F. (1600 C.) 

High heat duty 2730 F. (1500 C.) 

Intermediate heat duty .... 2550 F. (1400 C.) 

* Under_ the standardization procedure of tlie Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-8 on Refractories. 

2 Revision accepted by the Society at annual meeting, 
June, 1944. 


QuaKty 

3. The mortar shall be sufficiently 
free from grit and of such quality and 
plasticity that it will spread satisfac- 
torily with a trowel, either as it comes 
from the container or after a moderate 
amount of tempering with water. The 
mortar shall have properties that will 
enable it to be converted readily to 
dipping consistency by the addition of 
water. At any time within a 6-month 
period after purchase, the mortar in a 
newly opened container shall not have 
stiffened or hardened to such an extent 
as to prevent its easy removal and 
mixing. 

Test Requirements 

4. (a) Particle Size . — ^The particle size 
of the mortar shall be such that 95 
per cent shall pass a No. 40 (420-micron) 
A.S.T.M. sieve (equivalent to mesh 
No. 35 of the Tyler standard series), 
and not more than 0.5 per cent shall be 
retained on a No. 20 (840-micron) 
A.S.T.M. sieve (equivalent to mesh No. 
20 of the Tyler standard series). 
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{h) Water Content. — The total water 
content of the mortar shall be not more 
than 25 per cent, calculated on the wet 
basis. 

{c) Bonding Strength. — The mortar 
when made into a joint shah have a 
modulus of rupture of not less than 200 
psi. 

{d) Refractoriness. — ^The mortar shall 
not flow out of the joint when it is 
subjected to the refractoriness test at 
the following temperature: 


Refractoriness 

Class Test Temperature 

Super duty 2910 F. (1600 C.) 

High heat duty 2730 F. (1500 C.) 

Intermediate heat duty. . . . 2550 F. (1400 C.) 


Retests 

5. Because of variables resulting from 
sampling and the lack of satisfactory 
reproducibility in tests conducted by 
different laboratories, the material may 
be resampled and retested when re- 
quested by either the manufacturer or 
the purchaser. This may apply in 
instances when the first test results do 
not conform to the requirements pre- 
scribed in these specifications. The final 
result to be used shall be the average 
of at least two sets of results, each of 
which has been obtained by following in 
detail the specified testing procedures. 

Methods of Testing 

6, The properties enumerated m these 
specifications shall be determined in 
accordance with the following methods 
of test: 

{a) Particle Size. — ^Methods of Test 
for Sieve Analysis and Water Content 
of Refractory Materials (A.S.T.M. De- 
signation: C 92) of the American So- 
ciety for Testing Materials,® using the, 
procedure for wet sieve analysis de- 
scribed in Section 5 (b). 

(5) Water Content. — Methods C 92, 
using the procedure for water content 
described in Section 4 (a). 

• ’ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


(c) Bonding Strength. — Five 9-in. 
straight fireclay brick having plane sur- 
faces and true rectangular shape shall be 
used as specimens for this test. They 
shall have an average modulus of rup- 
ture of not less than 600 psi. when de- 
termined in accordance with the Meth- 
ods of Test for Cold Crushing Strength 
and Modulus of Rupture of Refractory 
Brick and Shapes (A.S.T.M. Designa- 
tion: C 133) of the American Society for 
Testing Materials.® Each of the 5 brick 
shall be cut into two equal parts on a 
plane parallel to the 2| by 4| in. face. 
The uncut 2| by 4| in. face of the brick 
shall be used when forming the 5 test 
joints. The test mortar shall be made 
to troweling consistency. Approximately 
double the quantity required to form a 
joint 3 ^ in. in thickness shall be placed on 
the uncut face of one half-brick. Two 
spacing rods consisting of drill rods 4 in. 
in length and in. in diameter shall be 
placed in the mortar parallel to the 2| in. 
edge of the brick and f in. from that edge. 
The uncut face of the other half-brick 
shall then be placed on the mortar. The 
excess mortar in the joint shall be forced 
out by pressing on the top half-brick and 
at the same time moving it with a to-and- 
fro motion in the direction of the 4| in. 
dimension of the brick, using the spacing 
rods as rollers. A total of 5 movements 
in each direction shall be given, and the 
distance of travel for the top half-brick 
shall be | in. from center in each direc- 
tion. The rods shall then be withdrawn 
and the excess mortar cleaned from the 
surface of the joint. The 5 prepared 
joints shall be air-dried undisturbed at 
room temperature for 24 hr., and then 
oven-dried at 220 to 230 F. (105 to 110 
C.) for 18 hr. (overnight). Upon re- 
moval from the oven, they shall be 
allowed to cool by radiation until cool to 
the touch (about 6 hr.), at which time 
they shall be tested for modulus of rup- 
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ture in. accordance with Methods C 133. 
In conducting this test, the upper bearing 
edge shall be brought to bear on the joint 
itself. The average strength of 5 joints 
shall be reported. 

{d) Refractoriness. — A pier consisting 
of two whole and two half-brick laid flat 
shall be laid up with test mortar made to 
troweling consistency. Nine-inch fire- 
clay brick shall be used for this purpose 
and shall be of suitable refractoriness to 
withstand the heat treatment they will 
receive during testing, that is, the brick 
to be used for the intermediate heat duty 
class of mortar shall have a P.C.E. not 
lower than 29; for the high heat duty 
mortar, a P.C.E. not lower than 31-32; 
and for the super duty mortar, a P.C.E. 
not lower than 33. The top and bottom 
brick in the pier shall be the two whole 
brick. Between these, the two half- 
brick shall be placed so that the original 
ends and the mortar will form a vertical 
joint. Joints of uniform thickness in the 
pier shall be made with the aid of ^-in. 
drill rod spacers, 6 in. in length. Mortar 
shall be applied to the large face of one of 
the whole brick, after which four spacing 
rods shall be placed across it | in. from 
the ends and | in. either side of the cen- 
ter. A large face and the original end of 
a half-brick shall be coated with mortar 
and the coated face placed in contact 
with the rods on the lower brick. The 
other half-brick shall be prepared in the 
same manner, and when putting it in 
position to complete the vertical joint, a 
spacing rod shall be placed across and in 
the center of that joint. Four rods shall 
also be used to form the top horizontal 
joint in the manner prescribed for the 


bottom horizontal joint. Mortar in ex- 
cess of that actually required to form the 
joints shall be used. The rods shall be 
adjusted so that their ends are flush with 
one side of the pier. The brick units 
shall be firmly pressed or rubbed together 
so that the joints formed shall not exceed 
f in. in thickness. The excess mortar 
shall be carefully removed from the 
joints, particularly on the side where the 
rods are flush. The spacing rods shall be 
removed as soon as the mortar has devel- 
oped an initial set, which prevents bulg- 
ing of the mortar from the joint. The 
pier shall be air-dried undisturbed at 
room temperature for 24 hr., and then 
oven-dried at 220 to 230 F. (105 to 110 
C.) for 18 hr. (overnight) . The pier shall 
then be heated to the temperature pre- 
scribed for the class of mortar bemg 
tested. The heating shall be carried out 
in accordance with all applicable portions 
of the Method of Test for Permanent 
Linear Change after Reheating of Refrac- 
tory Brick (A.S.T.M. Designation: C 113) 
of the American Society for Testing 
Materials.® When testing the interme- 
diate heat duty mortar, Schedule B as 
specified in Table I of Method C 113 
shall be used. When testing high heat 
duty mortar. Schedule C as specified in 
Table I of Method C 113 shall be used,, 
with the exception that when reaching 
2730 F. (1500 C.) after 3 hr., that tem- 
perature shall be maintained for a period 
of 5 hr. The super duty mortar shall be 
tested in accordance with Schedule C as 
specified in Table I of Method C 113. 
After the test, the pier shall be examined 
for evidence of the mortar having flowed 
out of the joints. 



Tentative Glassification of 

INSULATING BACK-UP BLOCK AND INSULATING FIRE 
BRICIO 



A.S.T.M. Designation: C 155 - 41 T 
Issued, 1940; Revised, 1941. 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This classification pertains to two 
kinds of heat-insulating materials, each 
of which is intended for different service 
conditions. The materials included in 
the broad classification of insulating fire 
brick are divided into five specific groups. 


TABLE I.-GROUPING OF INSULATING 
FIRE BRICK. 


Group 

Identification 

Permanent Linear 
Change Not More 
Than 2 Per Cent 
When Tested At 

Bulk Density Not 
Greater Than 

Group 16 — . . 

ISSO F. (84S C.) 

34 lb, per c 

u.ft. 

Group 20 

1950 F. (1065 C.) 

40 lb, per cu.ft. 

Group 23 

2250 F. (1230 C.) 

48 lb. per c 

u.ft. 

Group 26 

2550 F. a400 C.) 

52 lb. per c 

u.ft. 

Group 28 

2750 F. (1510 C.) 

60 lb. per c 

u.ft. 


Insulating Back-Up Block 

2. Insulating Back-Up Block . — A 
shaped product having a very low ther- 
mal conductivity and a bulk density of 
less than 30 lb. per cu.ft., suitable for 
back-up insulation of industrial furnaces. 

Insulating Fire Brick 

3. (a) Insulating Fire Brick . — A fire 
brick having a low thermal conductivity 
and a bulk density of less than 70 lb. per 
cu.ft., suitable for lining industrial 
furnaces. 

(6) Groups of Insulating Fire Brick . — 
The grouping of insulating fire brick in 
accordance with Table I is based upon 
bulk density (weight per cubic foot) 
and the behavior in the permanent linear 
change test conducted at the specified 
temperature. 


Methods of Testing 

4. The properties enumerated in this 
classification shall be determined in ac- 
cordance with the following methods of 
test of the American Society for Testing 
Materials: 

{a) Bulk Density {Weight per Cubic 
Foot ). — Methods of Test for Size and 
Bulk Density of Refractory Brick (A.S. 
T.M. Designation: C 134).^ 

(b) Permanent Linear Change. — Meth- 
ods of Testing Insulating Fire Brick 
(A.S.T.M. Designation: G 93), Sections 
10 to 14.^ For the purpose of this 
classification, the percentage of perma- 
nent linear change shall be obtained 
from only the 9-in. dimension of the 
test brick. 


* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


_ t Under the standardization procedure of the Society, 
this classification is under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refactories. 



Tentative Method of 

PANEL TEST FOR RESISTANCE TO THERMAL AND 
STRUCTURAL SPALLING OF FIRECLAY PLASTIC 
REFRACTORIES' 



A.S.T.M. Designation: C 180 - 43 T 
Issued, 1943.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test covers the 
procedures for determining the resistance 
of high heat duty and super duty fireclay 
plastic refractories to the separate and 
combined effects of structural and ther- 
mal spalling. This method makes use 
of the general requirements and pro- 
cedures prescribed in the Method of 
Panel Test for Resistance to Thermal 
and Structural Spalling of Refractory 
Brick (A.S.T.M. Designation: C 38) 
of the American Society for Testing 
Materials,^ and supplements that method 
by giving the detailed requirements of 
the procedures to be followed for testing 
high heat duty and super duty fireclay 
plastic refractories. The procedures to 
be followed for the two types of plastic 
refractories differ solely in the tempera- 
ture of preheating the panels, as pre- 
scribed in Section 5 of this method. 

y Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

2 Accepted by Committee E-10 on Standards, March 20, 
1943. 

3 Appears in this publication, see Contents in Niuneric 
Sequence of A.S.T.M. Designations at front of book. 


Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Power Press, — ^A power press 
(preferably of the hydraulic type) 
equipped with a suitable mold (Note) 
for forming a 9-in. brick and capable of 
exerting a total load of about 80, 
000 lb. 

Note. — ^It is advisable to have the mold 
oversize so that after drying the brick will be 
close to 9 by 4| by 2| in. in size. 

(b) Spalling Apparatus. — ^Panel spall- 
ing apparatus as prescribed in Method 
C38.3 

Test Specimens 

3. {a) Number of Specimens. — ^The 14 
test specimens shall consist of 9 by 
4^ by 2|-in. brick each prepared by 
molding the plastic refractory material 
in a power press. 

(6) Molding of Specimens. — A power 
press shall be used to mold the test 
specimens and the pressure shall be 
applied to the 9 by 4| in. area of the 
brick. In order to facilitate filling the 
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mold, the plastic refractory material 
shall be broken into pieces varying in 
size, the largest being about 1 | in. in 
size. When these pieces are pressed into 
the mold, care shall be taken to obtain 
uniform packing and distribution of the 
material A pressure of approximately 
1000 psi. is usually high enough to form 
a satisfactory test specimen. The pres- 
sure used shall be sufficient to cause the 
molded mass to be of uniform density 
and structure throughout and without 
voids. The pressure shall not, however 
be so high that the plastic portion of 
the mix is forced out of the mold by 
extrusion through the clearance space 
(not over 3 ^ in.) between the plunger 
and the walls of the mold. The same 
pressure in pounds per square inch shall 
be used for molding each of the speci- 
mens. 

(c) Drying of Specimens . — ^The speci- 
mens shall be dried for 24 hr, at a 
temperature of 220 to 230 F. (105 to 
110 C.), or until they contain not more 
than 1.0 per cent water. 

Procedure 

4. The procedures shall be in general 
as outlined in Method C 38,® supple- 
mented by the details for preheating 
and spalling as prescribed in the follow- 
ing Sections 5 and 6 , 

Preheating Test Panels 

5. (a) The test brick shall be laid up 
with kaolin mortar having a pyrometric 
cone equivalent not below cone No, 34. 

(&) The test panels and dummy brick 
shall be insulated with group 26 insulat- 
ing hre brick weighing 46 i 2 lb. per 
cu. ft. 

(c) For high heat duty plastic refrac- 
tories the temperature of the panel 
face shall be maintained at an average 
temperature of 2910 F. (1600 C.) for a 
period of 24 hr. 

{d) For super duty plastic refractories 


the temperature of the panel face shall 
be maintained at an average tempera- 
ture of 3000 F. (1650 C.) for a period of 
24 hr, 

(e) The furnace gas pressure during 
the 24-hr. preheating period shall be 
within the limits of 0.4 to 0.5 in. of 
water for gas-fired furnaces. 

Spalling Procedure 

6 . ((*) The panel insulation shall be 
removed prior to spalling. 

( 6 ) The gas-fired furnace shall be 
operated so as to obtain a temperature 
of 2550 F. (1400 C.) before the panels 
are cooled by means of the blast. 

{c) The period for heating shall be 10 
min. and for cooling 10 min., making a 
20 -mm. cycle. 

(d) The cooling shall be accomplished 
by means of an air-water mist blast, 
which shall be delivered through a 
vertical manifold with an opening meas- 
uring 3| by 24 in., as shown in Fig. 6 
of Method C 38.® Air shall be delivered 
through each cooling unit at the rate of 
1400 cu. ft. per min. The water used in 
the four spray units shall be filtered, 
and measured by means of a meter. 
The spray nozzles shall be regulated to 
deliver 2 f gal. of water during the first 
8 min. of the cycle. No water shall be 
used during the last 2 min. The cooling 
units shall be operated with a reciprocat- 
ing motion so as to pass back and forth 
across the surface of the entire panel, 
including the dummy guard brick, 125 
times in 10 min. 

(e) The spalling treatment shall con- 
sist of 12 cycles, after which the furnace 
shall be shut oil and the panels given 
two additional cooling cycles without 
the water mist. 

(/) After completion of the spalling 
treatment the test brick shall be removed 
from the panel and weighed to the near- 
est 0.05 lb. After removal of the 
spalls, the brick shall be reweighed and 
the loss calculated. 



Tentative Method of Test for 

COMBINED DRYING AND FIRING SHRINKAGE OF 
FIRECLAY PLASTIC REFRACTORIES' 



A.S.T.M. Designation: C 179~43T 
Issued, 1943.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test covers a pro- 
cedure for determining the combined 
drying and firing shrinkage of high heat 
duty and super duty fireclay plastic 
refractories. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Pm&r Press. — K power press 
(preferably of the hydraulic type) 
equipped with a suitable mold (Note) 
for forming a 9-in. brick and capable of 
exerting a total load of about 80, 
000 lb. 

Note. — ^I t is advisable to have the mold 
oversize so that after drying the brick will be 
close to 9 by 4| by 2 \ in. in size. 

{h) Drying Oven . — ^An oven preferably 
of a size to hold six 9-in. brick. 

(c) Kiln. — down-draft type kiln 
of such design that the flame, as coming 

, 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

* Accepted by Committee E-10 on Standards, March 20, 
1943. 


directly from the burner, cannot im- 
pinge upon the test specimens. 

(d) Rule . — A 12-in. steel rule,® one 
edge graduated in 0.02-in. increments. 
A hooked rule is convenient to use, and 
a suitable type is described in Section 2 
(a) of the Methods of Test for Size and 
Bulk Density of Refractory Brick (A.S. 
T.M. Designation: C 134) of the Ameri- 
can Society for Testing Materials.'^ 

Test Specimens 

3. (a) Number of Specimens . — Six 
specimens molded from the plastic 
refractory material will be required. 
Three specimens shall be used for the 
test and three used as supporting pieces 
during the kiln heat treatment. 

(&) Molding of Specimens . — ^The power 
press shall be used to mold the test 
specimens and the pressure shall be 
applied to the 9 by 4| in. area of the 
specimen. In order to facilitate filling 
the mold, the plastic refractory material 
shall be broken into pieces varying in 

> The Lufkin rule No. 2603 R or equivalent is satis- 
factory. 

< Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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size, the largest being about 1| in. in 
size. When these pieces are pressed into 
the mold, care shall be taken to obtain 
uniform packing and distribution of the 
material. A pressure of approximately 
1000 psi. is usually high enough to form 
a satisfactory test specimen. The pres- 
sure used shall be sufficient to cause the 
molded mass to be of uniform density 
and structure throughout and without 
voids. The pressure shall not, however, 
be so high that the plastic portion of the 
mix is forced out of the mold by extru- 
sion through the clearance space (not 
over Ts- in.) between the plunger and 
the walls of the mold. The same pres- 
sure in pounds per square inch shall be 
used for molding each of the specimens. 
When a molded specimen is removed 
from the mold, it shall be placed on its 
9 by 4:j in. face in its final position on 
the pallet or support which is to be used 
during drying. 

(c) Measurement of Specimens. — Imme- 
diately upon placing the specimen on its 
support for drying, it shall be measured 
by means of the steel rule for its length 
along the center of the 9 by 4| in. face. 
A reference mark (using ceramic paint) 
shall be made to indicate the exact 
position where the measurement was 
taken. The length shall be measured 
on each of the three test specimens to 
the nearest 0.02 in. 

(d) Drying of Specimens. — ^The six 
specimens shall be dried for 24 hr. in the 
oven heated to a temperature of 220 to 
230 F. (105 to 110 C.), or until they 
contain not more than 1.0 per cent of 
water. 

Procedure 

4. (a) Placing Specimens in Kiln.— 


The dried specimens shall be placed in 
the kiln in accordance with Section 4 
of the Method of Test for Permanent 
Linear Change after Reheating of Re- 
fractory Brick (A.S.T.M. Designation: 
C 113) of the American Society for 
Testing Materials,^ with the exception 
that the supporting brick shall consist 
of the three plastic refractory brick 
prepared for that purpose (see Section 
3 {a)). 

(b) Temperature Measurements. — Tem- 
perature measurements shall be con- 
ducted in accordance with Section 5 of 
Method C 113. 

(c) Test Temperature Schedules. — The 
kiln shall be operated at the heating 
schedule for the class of refractory 
being tested as follows: 

(1) High heat duty fireclay plastic 
refractories shall be heated in accordance 
with Schedule B as specified in Table I 
of Method C 113. 

(2) Super duty fireclay plastic refrac- 
tories shall be heated in accordance with 
Schedule C as specified in Table I of 
Method C 113. 

id) Remeasuring Specimens. — After 
completion of the heat treatment, the 
closed kiln shall be allowed to cool for a 
period of at least 10 hr. or until the test 
specimens are cool enough to handle. 
The three test specimens shall then be 
remeasured in accordance with Section 
3(.), 

Calculation and Report 

5. The combined drying and firing 
shrinkage expressed as a percentage shall 
be calculated on the basis of the original 
plastic length of the specimen, and the 
average value for the three specimens 
shall be reported. 



Tentative Method of Test for 

WORKABILITY INDEX OF FIRECLAY PLASTIC 
REFRACTORIES^ 



A.S.T.M. Designation: C181-43T 
Issued, 1943.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test covers a pro- 
cedure for obtaining the workability 
index of fireclay plastic refractory ma- 
terial by measuring the plastic deforma- 
tion of a molded test specimen when 
subjected to impacts. The data ob- 
tained serve as a measure of the facility 
with which plastic refractory material 
can be rammed or pounded into place 
in a furnace. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Rammer. — K device known as 
the sand rammer® (see Fig. 1), or an 
apparatus capable of performing the 
same operation. It shall consist essen- 
tially of a steel cylindrical mold 2.00 


_ 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

“ Accepted by Committee E-10 on Standards, March 
20, 1943. 


in. in inside diameter and 4.75 in.Jin 
length, supported in a vertical position 
on the same axis as a shaft to which 
shall be fastened a plunger that fits 
inside the mold. A i4-lb. cylindrical 
weight slides on the same shaft and shall 
be arranged so that it can be made to 
fall a distance of 2 in. before engaging a 
collar fastened to the shaft. As shown 
in Fig. 1, the weight may be raised by 
the use of a suitable cam to which a 
handle is attached. 

{b) Rule . — A steel rule, one edge 
graduated in 0.02 -in. increments. 

Test Specimens 

3. (a) Number of Specimens . — ^Four 
cylindrical test specimens shall be molded 
from the sample of plastic refractory 
material. 

ib) Molding of Specimens . — To facili- 
tate filling the mold, the sample shall 
be broken into pieces varying in size, 
the largest being about 1 in. in size. 
Three hundred grams of the sample 
shall be used for molding each'jitest 
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specimen. After placing the material in 
the mold, it shall be subjected to 10 
impacts by turning the handle, which 



Fig. 1. — Apparatus for Workability Index Test. 

The impacts applied to the test specimen during 
molding in the mold are obtained by turning the handle, 
which causes the weight to be raised 2 in. and then dropped 
upon the collar attached to the plunger shaft. 

causes the weight to be raised 2 in. and 
then dropped upon the collar attached to 
the plunger shaft. The mold shall then 


be upended and an additional 10 impacts 
given the specimen. The molded test 
specimen shall then be extruded from 
the mold by the use of a suitable auxiliary 
plunger. 

Procedure 

4, Upon removing the cylindrical test 
specimen from the mold, the length shall 
be measured with the steel rule to the 
nearest 0.02 in. Four measurements 
shall be taken, one at each quadrant, 
and the average of the four measure- 
ments shall be used. The test specimen 
shall then be placed in the apparatus in 
the same position that it assumed while 
being molded. The plunger shall be 
allowed to rest on the top end of the 
test specimen. The distance the verti- 
cal shaft projects above the surface of 
the top bearing of the apparatus shall 
then be measured to the nearest 0.02 in. 
Three impacts shall be given the test 
specimen. The projection of the shaft 
shall be remeasured and the difference in 
inches between the two measurements 
recorded as the deformation of the test 
specimen. 

Calculation and Report 

5. The percentage deformation on the 
basis of the original length shall be 
calculated for each of the four test 
specimens and the average value re- 
ported as the workability index. The 
report shall also state whether any test 
specimen crumbled as a result of the 
three impacts. 





Tentative Method of Test for 
THERMAL CONDUCTIVITY OF INSULATING FIRE BRICK' 



A.S.T.M. Designation: C 182 - 43 T 
Issued, 1943.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test outlines the 
general procedure for determining the 
comparative thermal conductivity of 
insulating fire brick under standardized 
conditions of testing.® 

Apparatus 

2. The apparatus shall conform in 
close detail with that shown in the 
approved drawings."^ The equipment is 
shown in Figs. 1 and 2 and the essential 
parts are: 

{a) Heating Chamber. — A heating 
chamber, shown in Fig. 3, shall be cap- 
able of being heated electrically over a 
temperature range from 400 to 2800 F. 
in a neutral or oxidizing atmosphere. 
The temperature of the heating unit 
shall be controlled by a mechanism 
capable of maintaining the temperature 

_ 1 Under the standardization procedure of the Society, 
this method is under tlie jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

2 Accepted by Committee E-10 on Standards, April 
IS, 1943. _ 

^ The committee is investigating another method of 
test which may be adopted as an alternative method at 
a later date. 

The complete set of drawings necessary for the con- 
struction of tlie apparatus requires too much space to be 
included with this method, but is available at a nominal 
charge from the Babcock & Wilcox Co., Refractories 
Division, Technical Dept., 85 Liberty St., New York, N. Y. 


in the chamber constant to within plus 
or minus 5 F. 

{b) Calorimeter Assembly . — A copper 
calorimeter assembly, of the design 
shown in Fig. 4, shall be used for 
measuring the quantity of heat flowing 
through the test specimen. The water 
circulation is such that adjacent passages 
contain incoming and outgoing streams 
of water. The calorimeter shall be 3 by 
3 in. square and shall have one inlet and 
one outlet water connection. The inner 
guard surrounding the calorimeter shall 
be 9 by 13| in. and shall have two inlet 
and two outlet W'ater connections. The 
outer guard shall extend 2 in. laterally 
from the inner guard and shall extend 
vertically to the member comprising the 
bottom of the heating chamber (see Fig. 
3). The separation between the ca,lori- 
meter and the inner guard shall be 

(c) Water-Circulating System. — A 
water-circulating system for supplying 
the calorimeter assembly with water at 
constant pressure and at a temperature 
which is not changing at a rate greater 
than 1 F. per hr. shah, be provided . The 
inlet water pressure shall be at least the 
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The upper half of the heating chamber has been raised 


to introduce 
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equivalent of 10 ft. of hydrostatic pres- 
sure. The inlet water temperature shall 
at all times be within plus or minus 5 F. 
of the room temperature. Figure 5 
shows the arrangement that shall be 
used for meeting these conditions. The 
regulating valves for controlling the 
rate of water flow through the calorim- 


thermocouples may also be used at the 
lower temperatures, but the emf. would 
not be as high as when using base-metal 
thermocouples. Wire of No. 28 gage 
shall be used for making either type of 
thermocouple. The emf. for the tem- 
perature readings shall be taken with a 
potentiometer having an instrument 


Group -(6 
InsufaHng 
Firebrick, 


Tronslke— 

Board 



^ Calorimeters 

Fig. 3. — ^Diagranomatic Section Through Heating Chamber. 


eter assembly shall be capable of main- 
taining a constant flow rate within plus 
or minus 1 per cent during the test 
period. 

{d) Instruments for Measuring Tem- 
perature of Specimen. — ^Thermocouples 
shall be embedded in the test specimen at 
three points for measuring the tempera- 
ture. Chromel-alumel thermocouples 
shall be used for temperatures below 1400 
F., and above that temperature platinum- 
platinum 10 per cent rhodium thermo- 
couples shall be used. The platinum 


error of not more than plus or minus 
0.05 mv., and the cold junctions of the 
thermocouples shall be immersed in a 
mixture of ice and wuter.® 


(e) Instrument for Measuring Tem- 
perature Rise in Calorimeter Water . — 
A multiple differential thermocouple 
shall be used for measuring within an 


* It is recoinmeaded tlva.t the procedure described ia 
Thermoelectric Thermometry,” by W. F. Roeser, 
National Bureau oi Standards, and “Methods of Testing 
Thermocouples and Thermocouple Materials,” by W. E. 
Roeser and H. T. Wensel, National Bureau of Standards, 
be followed. These papers are contained in “Tempera- 
ture, Its Measurement and Control” published by the 
Reinhold Publishing Corp. , 330 W. 42nd St., New York 18. 
N.y. 
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accuracy of not less than 1 per cent the (/) Instruments for Measuring Tern- 
temperature rise of the water flowing perature Difference between Calorimeter 
through the calorimeter. The thermo- and Imier Guard. — Differential lOX 
couple shall be immersed at least 3| in. copper-constantan thermocouples shall 
in the inlet and outlet connections, and be located in the calorimeter and inner 




SECTION AA 

Fig. 4. — Design of Calorimeter and Guard Rings. 


the junctions shall be not more than 
X in. distant from the bottom of the 
calorimeter. A differential lOX copper- 
constantan thermocouple shall be used 
and the millivolt readings shall be taken 
with a potentiometer having an instru- 
ment error of not more than plus or 
minus 0.01 mv. in the range between 
0 to 2 mv. 


guard for measuring the temperature dif- 
ferences between the calorimeter and 
inner guard. (The temperature differ- 
ence during a test shall be maintained at 
a value less than plus or minus 0.05 F.) 
The thermocouple junctions shall be 
placed , in the four wells provided for 
that purpose, "^and millivolt readings shall 
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be taken with a potentiometer having an 
instrument error of not more than plus 
or minus 0.01 mv. in the range between 
0 to 2 mv. 

Test Specimen and Guard Brick 

3. The sample shall consist of three 
9-in. straight brick which are representa- 
tive of the material being tested. These 



Fig, S.— ■Water-Circulating System with Auto- 
matic Temperature Control. 

.4— Cooling Coil. 

S— Connection to Drain. 

C— Water Pump, 

D—Water Filters. 

£— Magnetic Control Valve. 

F— Thermostat, 
f?— Water Inlet. 

H— Calorimeter and Guards. 

/—Overflow Pipe. 

/-Float Valve. 

brick shall be selected for uniformity 
of structure and bulk density, and they 
shall he free from broken corners or 
edges. One brick shall be used as the 
test specimen, and one each of the other 
two brick shall be used as guard brick 
on either side of the specimen to prevent 
side fioAV of heat. The test specimen 
and guard brick shall cover an area of 
approximately 9 by 13-| in. 


Preparation of Test Specimen and Guard 

Brick 

4. (a) The 9 by 4f in. faces of the three 
brick shall be ground flat and parallel 
and the thickness shall not vary more 
than plus or minus 0.01 in. The thick- 
ness shall be not more than 3 nor less 
than 2 in. The sides that are to be 
placed in contact shall be ground flat 
and at right angles to the 9 by 4|-in. face. 

(b) The test specimen shall be dried 
at 220 to 230 F. for 12 hr,, after which 
time its bulk density, in pounds per cubic 
foot, shall be determined in accordance 
with the Methods of Test for Size and 
Bulk Density of Refractory Brick (A.S, 
T.M. Designation: C 134) of the Ameri- 
can Society for. Testing Materials,® with 
the exception that the thickness measure- 
ment shall be made in accordance with 
the Note of Section 5 (&) in those 
methods. 

(c) Holes for the thermocouple wires 
shall be drilled through the 4f-in. 
dimension of the test specimen by the 
use of a drilling jig so as to obtain 
accurate placement of the thermocouples. 
The three thermocouples shall be located 
so that the hot junction of the first 
couple is 0.02 in, below the hot face of 
the test specimen, the junction of the 
second at the mid point, and the junction 
of the third 0.02 in. above the cold face 
(see Fig. 3). The thermocouple wires 
leading out from the hot junctions shall 
be located in planes parallel to the 
calorimeter surface. In order to have 
the hot junctions over the center of the 
calorimeter, they shall be located on an 
axis passing through the center of and 
at right angles to the 9 by 4J in. area 
of the test specimen. 

Procedure 

5. (a) Two strips of asbestos paper 
13| in. in length by | in. in width by 
0.02 in. in thickness shall be placed along 

® Appears in this publication, see Contents in N^^meric 
Sequence of A.S.T.M. Designations at front of book. 
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the 13|-in. dimension of the inner guard 
at the outside edges. These strips act 
as spacers to prevent contact between 
the brick and the calorimeter assembly. 
The test specimen shall then be placed 
centrally over the center calorimeter 
section on its 9 by 4|-in. face, and the 
guard brick placed at the sides of the test 
specimen so as to cover completely the 
calorimeter and inner guard area. The 
small space between the furnace walls 
and the three brick shall be filled with 
granulated insulating fire brick. 

(b) The heating chamber shall then be 
placed in position, water started flowing 
through the calorimeter assembly, and 
current supplied to the heating unit. 
The rate of water flow through the 
calorimeter shall be maintained between 
120 and 200 g. per min., and shall be 
determined by weighing the quantity of 
water collected during a measured time 
period. The weight of water collected 
shall be not less than 200 g. and shall be 
weighed to an accuracy of plus or minus 
0.5 g. The rate of flow shall be constant 
within plus or minus 1 per cent during 
the test period. 

(c) The furnace shall then be allowed 
to reach a condition of steady state of 
heat flow (test period), which shall be 
that condition when the measured flow 
of heat into the calorimeter varies less 
than 2 per cent over a 2-hr. period, during 
which time the temperature difference 
between the calorimeter and inner guard 
has not been more than 0.05 F., the hot 
face of the test specimen has not varied 
more than plus or minus 5 F., and the 
temperature of the water entering the 
calorimeter has not varied at a rate of 
more than 1 F. per hr. (Note 1). Usu- 
ally, 12 hr. or more are needed to obtain 
a balance with the apparatus after a 
definite change is made in the hot-face 
temperature. 

(d) After the steady state of heat flow 
has been reached, the temperature of the 
test specimen, the rate of water flow 


through the calorimeter, and the tem- 
perature rise of the water flowing 
through the calorimeter shall be meas- 
ured. At least three sets of readings 
(Note 2) shall be taken during the 2-hr. 
holding period, and these shall be aver- 
aged for the final values for that particu- 
lar heating chamber temperature. Such 
data shall be obtained when the heating 
chamber is maintained at the tempera- 
tures recommended in Table I. Other 
temperatures than those given in the 
table may be used to obtain additional 
information. 


table i.-heating chamber temperature. 


Group 

Identification" 

Bulk 
Density 
Not 
Greater 
Than, 
lb. per 
cu. ft. 

Recommended Tempera- 
tures for Control Points 

Low 

Medium 

High 

Group 16 

34 




Group 20 

40 

900 F. 

1400 F. 

2000 F. 

Group 23 

48 

900 F. 

1500 F. 

2300 F. 

Group 26 

52 

900 F. 

1650 F. 

2600 F. 

Group 28 

60 

900 F. 

1750 F. 

2800 F. 


“ See the Classification of Insulating Back-Up Block 
and Insulating Fire Brick (A.S.T.M. Designation: 
C 155) of the American Society for Testing Materials.® 


(e) At the conclusion of the test, 
the specimen shall be removed and cut 
in two, close to the thermocouple junc- 
tions. The specimen shall then be 
ground to expose the hot junctions, and 
the distance between them shall be 
measured to the nearest 0.01 in. If the 
test specimen upon being cut in two 
shows abnormal internal voids or cracks, 
this fact shall be stated in the report as 
the results will not be representative of 
the material. 

Note 1. — Significant errors will result if the 
tolerances specified are exceeded. 

Note 2. — ^From these data a preliminary 
thermal conductivity calculation can be made, 
using estimated distances between thermocouple 
junctions in the test specimen. 

Record of Test Data 

6. The following data shall be re- 
corded, and items (d) through (7) shall 
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be recorded for each 2-hr. test period 
(steady state of heat flow) ; 

(1) Linear dimensions of test speci- 
men, 

(2) The distance between thermo- 
couple junctions located in the test 
specimen, 

(J) Three sets of temperature readings 
as measured by the three thermocouples 
in the test specimen, 

{4) The mean temperature at each 
thermocouple in the test specimen as 
calculated from the temperatures re- 
corded in item (J), 

(5) The average rise in temperature 
of the water flowing through the calori- 
meter, 

(d) The average rate of water flow 
through the calorimeter, and 

(7) The rate of heat flow through 
the test specimen per unit area. 

Calculations’^ 

7. The thermal conductivity shall be 
calculated as follows: 


where: 

k = thermal conductivity in Btu. per 
in. per sq. ft. per hr. per deg. 
Fahr., 

q = the Btu. per hr. flowing into the 
calorimeter (temperature rise in 
degrees Fahrenheit of the water 

’’ See the Symbols for Heat Transmission (A.S.T.M, 
Designation: C 108), which appears in this publication, 
see Contents in Numeric Sequence of A.S.T.M. Designa’. 
tions at front of book. 


OF Insulating Fire Brick (C 182 - 43 T) 

flowing through the calorimeter 
times the weight of water in 
pounds flowing per hour), 

L = thickness in inches (distance be- 
tw^een hot junctions at which t\ 
and h are measured), 
h = higher of two temperatures meas- 
ured in the test specimen, in 
degrees Fahrenheit, 

h — lower of two temperatures meas- 
ured in the test specimen, in 
degrees Fahrenheit, and 
A = area of center calorimeter in square- 
feet. 

Report 

8. The report shall include the fol- 
lowing: 

{a) Brand name or other identifying 
information, 

{h) Bulk density of the dried test 
specimen (pounds per cubic feet), 

(c) General description of the test 
specimen before and after test with 
respect to possible structural changes 
caused by exposing the test specimen 
to the heating chamber temperatures, 

(d) The thermal conductivity calcu- 
lated in accordance with Section 7 at 
the mean temperatures specified in 
Section 5 (d) and reported at the mean 
of the two temperatures used in the 
calculation, 

(e) A curve showing the actual ther- 
mal conductivity values obtained mrsiis 
mean temperatures, and 

(f) When requested, the data recorded 
for Section 6 shall be included in the 
report. 



Tentative Methods of Test for 


SIEVE ANALYSIS AND WATER CONTENT OF 
REFRACTORY MATERIALS' 



A.S.T.M. Designation: C 92 - 43 T 
Issued, 1943.* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. (a) These methods of test cover 
procedures for a wet method and a dry- 
method for sieve analysis of refractory 
materials, and also procedures for deter- 
mining the water content of refractory 
materials in the wet condition. 

(&) Wet Sieve Analysis. — Water pro- 
motes the slaking of clays and helps to 
separate fine particles and to wash them 
from the larger grains. Consequently, 
this method will provide more reliable 
information than the dry method on ma- 
terials to which water is added and in 
which slaking would occur in normal 
industrial use. This method is recom- 
mended, therefore, for use with such 
materials. 

(c) Dry Sieve Analysis . — ^The dry 
method is not as effective as the wet 
method in determining the amount of 
material present in the smaller particle 
sizes. It is recommended (i) for ckys 

Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee C-8 on Refractories. 

s Accepted by Committee E-10 on Standards, March 20, 
1943. 

Prior to their present publication as tentative, these 
methods were published as tentative from 1932 to 1936, be- 
ing revised in 1934. They were adopted in 1936, but were 
withdrawn, revised, and republished as tentative in 1943. 


only when the slaking action of water is 
undesirable, {2) when the material is in 
the form of coarsely ground grog and 
calcine, and {3) when the clay is to be 
used in such a way that the size of the 
ultimate particles is of secondary im- 
portance. 

(d) Water Content . — There is included 
a method for determining the water con- 
tent of air-dry samples as received, so 
that the sieve analysis can be calculated 
on the dry basis. There is also included 
a method for obtaining the water content 
of other refractory materials, such as 
plastic refractories and wet mixes. 

Sieves 

2. Sieves of appropriate mesh from’ 
either list given in Table I shall be 
used. The wire cloth for the sieves® 
shall be woven (not twilled) and shall 
be mounted without distortion or loose- 
ness in circular frames 8 in. in diameter. 
Pans and covers shall be provided for 
the sieves. 


• See the Standard Specifications for Sieve-s for Testing 
Purposes (A.S.T.M. Designation: E 11), which appears 
in this publication, see Contents in Numeric Sequence of 
A,S.T.M. Designations at front of book. 
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TABLE 


I.-A.S.T.M. SIEVES AND EQUIVALENT 
TYLER STANDARD SIEVES. 


A.S.T.M. Sieves 
(U. S. Standard Sieve 
Series Number) 

No. 4 

No. 6 

No. 8 

No. 12 

No. 16 

No. 20 

No. 30 

No. 40 

No. 50 

No. 70 

No. 100 

No. 140 

No. 200 


Tyler Standard Sieves 
(Mesh Number) 


6 

8 

10 

14 

20 


48 

65 

100 

150 

200 


Sample 

3. The sample submitted shall be rep- 
resentative of the material to be tested, 
and shall weigh at least four to five times 
the required weight of the actual test 
sample. Material of which the water 
content is to be determined shall be 
packed in a water-tight container. 

Water Content 

,4. (a) Wet Type AirSetting Refractory 
Mortars. — The material shall be sampled 
immediately after opening the original 
container and after carefully mixing the 
contents. The test samples shall weigh 
approximately 50 g. To facilitate han- 
dling the test sample, it is recommended 
that it be placed on a tared piece of 
waxed paper or tared aluminum weigh- 
ing dish. The exact weight of the test 
sample shall be determined to the nearest 
0.1 g. both before and after drying for 24 
hr. at 220 to 230 F. (105 to 110 C.). The 
percentage of water shall be calculated 
on the as-received basis to the nearest 
0.1 per cent. 

(&) Materials Other Then Wet Type 
Air-Setting Refractory Mortars (such as 
ground fireclays, fireclay mortars, dry 
t^Tpe air-setting mortars, plastic refrac- 
tories, and similar materials). — ^If the 
material is shipped in the wet condition, 
care shall be taken that no loss of water 
occurs before the test sample is taken. 


The test sample shall weigh approxi- 
mately 250 g. The exact weight of the 
test sample shall be determined to the 
nearest 0.1 g. both before and after dry- 
ing for 3 hr. at 220 to 230 F. (105 to 110 
C.). The percentage of water shall be 
calculated on the as-received basis to the 
nearest 0.1 per cent. The dried test 
sample may be required for further use 
(see Section 5 (a) and (6) and Section 6 
{a) and (&). 

Wet Sieve Analysis 
5. {a) Dry Materials. — ^If the material 
is received in the dry condition, the test 
sample (Note 3) shall consist of the dried 
and weighed test sample prepared in ac- 
cordance with Section 4 (5). 

ih) Wet Materials. — Materials pre- 
pared with water (plastic refractories, 
wet type high-temperature bonding 
mortars, etc.) shall be tested as received. 
Two test samples shall be taken immedi- 
ately upon opening the original con- 
tainer, and in the case of mortars after 
carefully mixing the contents. One 
sample shall be used for obtaining the 
water content in accordance with Section 
4 {a) or (6), depending upon the type of 
material to be tested. The other sample 
(Note 3) shah, be used for the sieve analy- 
sis and shall weigh approximately 250 g. 
It shall be weighed to the nearest 0.1 g. 
and then transferred to the 1-liter con- 
tainer (see Paragraph (c)). The utensils 
used during weighing (to which a small 
part of the sample may adhere) shall be 
washed by means of a small jet of water 
from a f-in. hose in such a manner as to 
insure a quantitative transfer of the 
weighed sample to the container. 

(c) Procedure. — ^The test sample shall 
be placed in a container of about 1-liter 
capacity, to which sufificient water shall 
be added to form a slurry. Slaking shall 
be allowed to proceed for 1 hr., after 
which a further addition of water may be 
necessary. The test sample shall then 
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be transferred without loss to the finest 
sieve to be used in the analysis, and shall 
then be washed by means of a small jet of 
water from a J-in. rubber hose until the 
water passing through the sieve contains 
only traces of the sample. Care shall be 
exercised in the washing operation to 
prevent loss by splashing. It may be 
necessary to break up lumpy material by 
gentle rubbing between the fingers, but 
never by rubbing or pressing against the 
sieve. The washed test sample in the 
sieve shall then be dried to constant 
weight at 220 to 230 F. (105 to 110 C.). 
This usually requires about 2 hr. If de- 
sired, a preliminary drying period at a 
lower temperature may be used. The 
test sample shall then be transferred to 
the top or coarsest sieve of the series to 
be used. The sieving and weighing 
operations shall then be completed in 
accordance with Section 6 {a) or (b). 

(d) Calculation and Report . — ^The wet 
sieve analysis shall be calculated for the 
test sample on the dry weight, and the 
results reported to the nearest 0.1 per 
cent of the material retained on each 
sieve (Note 4). The percentage passing 
the finest sieve shall be reported as the 
difference between 100 per cent and the 
sum of the percentages retained on the 
various sieves. 

Dry Sieve Analysis 

6. (a) Machine Sieving . — When the 
sieving is to be done by machine, the 
sieves shall be arranged in the order of 
size with the coarsest sieve at the top of 
the nest. The test sample (Note 3) 
shall consist of the dried and weighed 
material prepared in accordance with 
Section 4 {b). It shall be transferred to 
the top sieve of the nest, and shall then 
be subjected to the mechanical sieving 


operation until less than 0.1 g. of material 
passes through each sieve after 1 min. of 
sieving by hand, as described in Para- 
graph (p). The machine sieving opera- 
tion usually requires about 15 min. The 
sieves shall then be carefully separated 
and the amount of material retained on 
each sieve shall be determined by weigh- 
ing to the nearest 0.1 g, 

(&) Hand Sieving . — The test sample 
(Note 3) shall consist of the dried and 
weighed material prepared in accordance 
with Section 4 {b). The sieving opera- 
tion shall be carried out using one sieve 
at a time beginning with the coarsest 
sieve and from then on using successively 
finer sieve sizes. The sieve, with pan 
and cover attached, shall be alternately 
tapped and rotated while held in slightly 
inclined position so that the test sample 
will be well distributed over the sieve. 
The operation shall be continued until 
less than 0.1 g. of the material passes 
through each sieve in 1 min, of continu- 
ous sieving. The amount of material 
retained on each sieve shall be deter- 
mined by weighing to the nearest 0.1 g. 

(c) Calculation and Report . — The dry 
sieve analysis shall be calculated for the 
test sample on the dry weight, and the 
results reported to the nearest 0.1 per 
cent of the material retained on each 
sieve (Note 4). Dust loss shall be re- 
ported as material passing the finest 
sieve. 

Note 3. — ^The size of the test sample may be 
changed by reason of the nature of the material. 
For example, some clays, when ground to 
exceedingly fine particle size, tend to pack or 
cake on the sieves, in which case a 100-g. sample 
may be used. In the case of plastic refractories, 
or coarsely ground mixes, the size of the sample 
might well be increased to 500 g. in weight. 

Note 4. — ^As an alternative, the results of 
sieve analysis may be reported on the cumulative 
basis, either as the total percentage retained on 
or passing each sieve. 
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HEAT TRANSMISSION' 



A.S.T.M. Designation: C 108 - 44 T 
Issued, 1944.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Special Practices Relating to Heat Flow Terms 


Terms Ending in “ivity.”— Terms ending 
in “ivity’' designate characteristics of ma- 
terials, normally independent of size or 
shape, sometimes called “specific properties.” 

Examples: Conductivity and Resistivity. 

Terms Ending in “ance.” — ^Terms end- 
ing in “ance” designate properties of a par- 
ticular object, depending not only on the 
material, but also upon size and shape, 
sometimes called “total quantities.” 

Examples: Conductance and Transmittance. 

Terms Ending in “ion.” — ^Terms ending 
Heat Flc 


in “ion” designate time rate of the process 
of transfer; flux, flow rate. 

Examples: Conduction and Transmission. 
Transmission. — “Transmission,” “trans- 
missivity,” “transmittance” usually refer 
to transfer by one or more of the processes 
of conduction, convection, and radiation. 

Conduction. — ‘ ‘ Conduction, ’ ’ ‘ ‘conduc- 
tivity,” “conductance” usually refer to 
transfer within a medium, and without 
bodily displacement as occurs with convec- 
tion, and without transfer at a distance as 
occurs with radiation. 

7 Symbols 


4 Area 

p Density; pounds, kilograms, etc., per unit 
of volume 

L Length of path of heat flow 

(> Total quantity of heat transferred (with 
subscripts for particular cases and to 
distinguish from Q for volume rate) 


Q Volume rate; discharge by volume; fluid 
rate of flow by volume (There also 
is used q with a subscript to distin- 
guish from heat flow rate) 
c Specific heat 

T Temperature on absolute scale 
t Temperature, degrees Centigrade 
or Fahrenheit 


lUnder the standardization procedure of the Society, 
these symbols are under the jurisdiction of lie A.S.T.M. 
Committee C-8 on Refractories. 

These symbols for heat transmission are identical with 
those appearinfi in the American Standard Letter Symbols 
tor Heat and Thermodynamics Including Heat Flow (ASA 
No.: Z10,4-1943) of the American Standards Association. 

sprior to their present publication as tentative, these 
symbols were published as tentative from 1934 to 1939. 
They were adopted in 1939, published as standard from 
1939 to 1944, being revised in 1941, but withdrawn, revised, 
and republished as tentative in 1944. 


t, T Time 

W' Weight; quantity of matter measured 
in pounds, kilograms, etc. 
w Flow rate; pounds, kilograms, etc., per 
unit of time 

q Heat flow rate; time rate of heat trans- 
ferred for a particular setup with any 
value of area A 
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q is in general the time derivative of total 
quantity of heat transferred. For steady- 
state heat flow, 5 is total quantity of heat 
divided by time 


k Thermal conductivity; heat flow rate, 
per unit of area, per “degree per unit 
of length” 


TT ~ ^ dL expression giving 

value at each point 


gA 
■ M/L 


for substantially uniform and 

steady-state heat flow through a homogen- 
eous medium of thickness L, with plane 
parallel faces of area A , and a constant 
temperature difference At applied to the 
faces 


1 Thermal resistivity; reciprocal of con- 
^ ductivity 

R Thermal resistance; degrees, per unit 
of heat flow rate, for a particular body 
or setup (where the area may not 
be known) 

R ss ~ for substantially uniform and 
steady-state heat flow, generally 
i? = ~ for substantially uniform and 

steady-state heat flow through a homo- 
geneous medium of thickness L with 
plane parallel faces of area A 

Thermal conductance; reciprocal of 
R thermal resistance (C is also used) 

1 Thermal conductance per unit of area; 
^ heat flo-w, rate, per unit of area, per 
degree 

RA Thermal resistance of unit area; 
degrees, per “unit of heat flow rate 
per unit of area.” R is used for 
resistance for a setup with a partic- 
ular area (which may not be known) 
and RA for resistance of unit 
area. In some British texts R is 
used for thermal resistance of unit 
area, here called RA 

h Surface coefficient of heat transfer; heat 


flow rate, per unit of area, per degree, 
across a boundary surface 

^ general expression giving 

value at each point 

km = for substantially uniform and 

steady -state heat flow, where hm and At^. 
are constant over the area A or where 
one (but not both) of them varies but 
may substantially be represented by a 
mean value, h is an average property of 
a particular boundary condition or film and 
is not necessarily inversely proportional to 
film thickness. Atm is the mean absolute 
difference betrveen the temperature of 
the surface and t, the bulk temperature of 
the ambient fluid, or the temperature of 
the surface of an adjacent solid. 

Over-all coefficient of heat transfer; 
sometimes called thermal transmit- 
tance per unit of area ; heat flow rate, 
per unit of area, per degree, for a 
particular setup of one or more bodies 
and films. Then, for substantially 
uniform and steady-state heat flow, 

U = Some particular area in the set- 
up, A, may be chosen as a reference. 
Then for a setup of homogeneous bodies, 
area .4*, and adjacent films, area A/x, 
where the corresponding values of k and 
k are substantially constant over the areas 
considered 


U S kAx/A 
For parallel walls, 


hAsx/A 


Shape factor of a structure; heat flow 
rate, divided by equivalent thermal 
conductivity and by the temperature 
difference between inner and outer 
surfaces 


kAt, 
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« Total emissivity; ratio of radiant flux 
from a source to that for a blackbody 
of the same size and shape, at the 
same temperature, according to the 
Stefan-Boltzmann law which is, 

^ = treATi 

# Radiant flux; radiant energy per unit 
of time, for any area A 

a Thermal diffusivity; thermal conduc- 


tivity divided by heat capacity per 
unit volume 

h 

a — — 
cp 

G Flow rate in pounds per unit of time, 
per unit of area of cross-section; called 
weight velocity, or mass velocity 
G=Fp 

A Difference between values, often taken 
as positive when it is that difference 
causing flow 


Tentative Definition oj 
THE TERM GLASS' 



A.S.T.M. Designation: C 162 -41 T 
Issued, 1941.2 


This Tentative Standard of the Amer 
under its Regulations, subject to annu 
should be addressed to the Society, 

Glass. — Glass is an inorganic product of 
fusion which has cooled to a rigid condi- 
tion without crystallizing. Some glasses 
contain nonglassy material, alwa5'-s em- 
bedded in a glassy matrix. Glasses may 
be colored by suitable material in a dis- 
solved or dispersed condition. 

Glasses may be classified as: 

(а) One-component glasses, consisting of 
single oxides, such as, silica (Si02), boric 
o.xide (B2O3), or phosphoric oxide (P2O6). 

(б) Two-component glasses, of which the 
chief commercial representatives are the 
soluble silicates. 

(c) Multi-component glasses: 


1 Under the standardization procedure of the Society, 
this definition is under the jurisdiction of the A.S.T.M. 
Committee C-14 on Glass and Glass Products. 

2 Accepted by the Society at annual meeting, June, 1941. 


can Society for Testing Materials is, 
al revision. Suggestions for revision 
260 S. Broad St., PhUadelphia 2, Pa. 

( 1 ) Soda-lime-silica glasses, which include 
the great bulk of commercial glassware. 

( 2 ) Borosilicate glasses, which range from 
soda-lime-silica glasses containing small 
amounts of boric oxide to low-expansion 
glasses containing little or no soda or lime. 

(J) Special glasses: 

(a) “Flint” glasses, containing lead oxide 
(PbO), ranging from lead tubing and 
cut glass, to heavy lead glasses used 
for optical instruments and imitation 
jewelry. 

(b) Optical glasses, mostly silicate or 
borosilicate glasses distinguished by 
physical perfection and a wide range 
of optical properties. 

(c) Nonsilicate glasses, used for special 
purposes and at present of limited 
commercial applicability. 
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Tentative Specifications for 
STANDARD STRENGTH CLAY SEWER PIPE' 

# 

A.S.T.M. Designation: C 13 - 44 T 

Issued, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover standard 
strength clay pipe intended to be used for 
the conveyance of sewage, industrial 
wastes, and storm water. 

Note. — Attention is called to the Tentative 
Specifications for Extra Strength Clay Pipe 
(A.S.T.M. Designation: C 200)® and the Rec- 
ommended Practice for Laying Sewer Pipe 
(A.S.T.M. Designation: C 12).® 

Class 

2. Pipe manufactured according to 
these specifications shall be known as 
“Standard Strength Clay Sewer Pipe.” 

Materials and Manufacture 
Materials and Manufacture 
. 3. (a) Clay pipe shall be manufac- 
tured from surface clay, fire clay, or 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee C-4 on Clay Pipe. 

2 Accepted by Committee E-10 on Standards, August 
28, l')44. 

Prior to their present publication as tentative, these 
specifications were published as tentative from 1917 to 
1920, being revised in 1918 and 1920. They were adopted 
in 1920, revised in 1924, but withdrawn and replaced in 
1933 by Specifications C 13 ~ 33 T, which were published 
as tentative from 1932 to 1935, being revised in 1935. 
They were adopted in 1935, published as standard from 
1935 to 1944, being revised in 1940, but were revised and 
republished as tentative in 1944. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


shale, or a combination of these mate- 
rials. 

(6) Surface clay is an unconsolidated, 
unstratified clay,^ occurring on the 
surface. 

(c) Fire clay is sedimentary clay^ of 
low flux content. 

Note. — Fire clay is usually associated with 
coal measures. 

(d) Shale is a thinly stratified, consoli- 
dated, sedimentary clay^ with well- 
marked cleavage parallel to the bedding. 

(e) These materials or any combina- 
tion thereof, when molded into pipe and 
subjected to suitable temperatures, shall 
yield a product that will be strong, dur- 
able, serviceable, free of objectionable 
defects, and shall conform to these 
specifications. 

Resistance to Action of Acids 

Tests at Purchaser’s Option 

4. Tests for resistance to action of 
acids shall be optional with the pur- 

^The definitions for the terms “surface clay,” “fire 
clay,” and “shale” are based on the following definition 
for the term “clay”; 

Clay. —ha. earthy or stony mineral aggregate consisting 
essentially of hydrous silicates of alumina, pla,stic when 
.sufficiently pulverized and wetted, rigid when dry, and 
vitreous when fired at a sufficiently high temperature. 
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chaser, and shall be made only when 
specified by him in advance or in the 
‘‘call for bids.” The purpose of this test 
is to determine the resistance of pipe to 
the action of acids. 

Reagent 

5. When testing with either hydro- 
chloric, nitric, sulfuric, or acetic acid, as 
specified by the purchaser, a 1 acid 
solution shall be used. 

Test Specimens 

6 . (a) Whenever possible, the speci- 
mens intended for these tests shall be 
selected from pipe that previously have 
been broken in the strength test. Speci- 
mens shall be sound with all edges freshly 
broken, free of cracks or shattered edges, 
about 2 in. square, weighing not more 
than 200 g., and shall be thoroughly 
cleaned with a wire brush. 

(b) A test shall be made on at least one 
specimen cut from each size of pipe. 
The results shall be reported separately 
for each individual specimen. 


washed with hot water, allowing the 
washings to run into the solution in 
which the specimen was immersed. The 
solution shall be filtered and the filter 
washed with hot water, adding the wash- 
ings to the filtrate. To the filtrate shall 
be added 5 ml. of H 2 SO 4 (sp. gr. 1.84). 
The solution shall then be evaporated 
(avoiding loss by spattering) to about 5 
ml, transferred to a porcelain crucible 
(previously ignited to constant weight), 
and heated cautiously to dryness. The 
residue shall then be ignited to constant 
weight. 

Calculation 

9. The percentage of acid-soluble mat- 
ter shall be calculated as follows : 

Acid-soluble matter, per cent = X 100 

where: 

R = weight of the residue in the porce- 
lain crucible, and 

W = weight of the dry specimen before 
immersion. 


Weighing Apparatus 

7. The balance used in weighing the 
specimen shall be sensitive to 0.01 g. 
when loaded with 200 g. 


Procedure 


8 . (a) The specimens to be tested 
shall be dried to constant weight at a 
temperature between 210 and 230 F. 

( 6 ) The specimens, upon reaching con- 
stant weight, shall be suspended and 
completely immersed in the test solution 
at a temperature between 70 and 90 F. 
for a period of 48 hr., then removed from 
the solution and carefully and thoroughly 


« These 1 N solutions should contain, respectively, 
36.S, 63, 49, and 60 g. of the acid per liter of solution. For 
the purpose of these tests the solution can be prejjaredby 
taking the following volumes of acid and diluting to 1 
liter; ILSOr (sp. gr. 1.84), 28.5 ml.; HCl (sp. gr. 1.18), 
88,9 ml.; HNOs (sp. gr. 1.42), 65 ml.; and glacial acetic 
acid (sp. gr. 1.05), 57.7 ml. 


Acceptance or Rejection 

10. When the test for resistance to 
action of acids is specified, the pipe of 
each size and shipment shall be accept- 
able only when the percentage of acid- 
soluble matter for specimens representing 
such pipe does not exceed 0.25 per cent. 

Physical Test Reqxhrements 
Crushing Strength Tests 

Test Specimens 

11. (a) The specimens for purpose of 
tests shall be sound, full-size pipe and 
shall be selected by the purchaser or his 
representative at the point or points 
designated by him when placing the 
order. 

(b) The manufacturer or seller shall 
furnish, without charge, specimens for 
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tests, up to 0.5 per cent of the number of 
pipe in each size of pipe furnished, ex- 
cept that in no case shall less than two 
specimens be furnished. 

Measurement and Observation of 

Specimens 

12. (a) The specimens shall first be 
freed from all visible moisture. When 
dry, each specimen shall be measured and 
inspected. The results of these observa- 
tions shall be recorded. 

(6) Defective Specimens . — Specimens 
that are observed to have fire cracks or 
other defects in form or dimensions, in 
excess of the limits permitted in these 
specifications, shall be discarded and 
replaced with additional specimens from 
the shipment. 

Test Bearings 

13. Pipe shall be tested for crushing 
strength by either the three-edge-bearing 
method or by the sand-bearing method 
as described in Sections 16 and 17. 
Either of the two specified bearing 
methods shall be used on retests as pro- 
vided for in Section 22 (6) and (c). 

Apparatus and Application of Load 

14. (a) Any prime mover or hand 
power device that will apply the load at 
a uniform rate of about 2000 lb. per min., 
or in increments qf not more than 100 lb. 
at the same rate, may be used in making 
the test. 

(b) The center of the load shall be 
applied to the top bearing block at a 
point distant from the spigot end of the 
pipe equal to one hah of the over-all 
length of the pipe. The test load shall 
be applied to the upper bearing block in 
such a W'Uy as to leave the bearing free 
to move in a vertical plane passing mid- 
way between the lower bearings. In 
testing pipe that is “out of straight,” 
the lines of the bearings chosen shall be 


from those which appear to give most 
favorable conditions for fair test, 

(c) The pipe shall be allowed to stand 
under load no longer than is required to 
apply the load and to observe and re- 
cord it. 

{d) The testing machine shall be sub- 
stantial and rigid throughout, so that the 
distribution of the load will not be 
affected appreciably by the deformation 
or yielding of any part. The bearings 
shall be sufificiently rigid to transmit and 
receive uniform loads throughout their 
lengths without deflection, and shall 
be so attached to the machine as to 
transmit and receive the maximum loads 
produced by the tests without lost mo- 
tion, vibration, or sudden shock. 

(e) The bearings and the specimen 
shall be accurately centered so as to 
secure a symmetrical distribution of the 
loading on each side of the center of the 
pipe in every direction. 

(/) The load shall be applied until the 
pipe yields by cracks passing through the 
shell. At the discretion of the inspector 
the loading may be stopped before rup- 
ture of the pipe, provided the load is at 
least equal to the required average 
strength of the pipe. 

Calculation and Report 

15. The crushing strength shall be cal- 
culated by dividing the breaking load or 
applied load as provided in Section 14 (/) 
by the net inside length of the barrel of 
the pipe, measuring from the bottom of 
the socket to the end of the spigot. The 
individual results of the tests of pipe of 
each size or each shipment shall be tabu- 
lated separately so as to show the per- 
centage that fails to conform to the re- 
quirements of each test. 

Threet.Edge-Bearing Method 

16. When the three-edge-bearing 
method is used, the ends of each specimen 
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of pipe shall be accurately marked in 
halves of the circumference prior to the 
test. The lower bearings shall consist of 
two wooden strips with vertical sides 
having their interior top corners rounded 
to a radius of approximately | in. The 
strips shall be straight and shall be 
securely fastened to a rigid block at least 
6 by 6 in. in cross-section. The interior 
vertical sides of the strips shall be paral- 
lel and spaced a distance apart of 1 in. 
per foot of pipe diameter, but in no case 
less than 1 in. Before the pipe is placed, 
a fillet of plaster of Paris or other equaliz- 
ing material, such as sand and sulfur, 
thick enough to compensate for the in- 
equalities of the pipe barrel shall be cast 
on and between the lower bearings. The 
pipe shah, be placed on the fillet while the 
plaster of Paris is still somewhat plastic; 
the use of the plaster of Paris fillet may 
be dispensed with when agreeable to the 
manufacturer and the purchaser. The 
upper bearing shall be a rigid wooden 
block at least 6 by 6 in. in cross-section, 
straight and true from end to end. A 
fillet of plaster of Paris thick enough to 
compensate for the inequalities of the 
pipe barrel shall also be cast along the 
length of the crown. The upper bearing 
shall be brought in contact while the 
plaster of Paris is still somewhat plastic. 
The upper and lower bearings shall ex- 
tend the full length of the pipe exclusive 
of the socket. 

Sand-Bearing Method 
17. {a) When the sand-bearing method 
is used, the ends of each specimen of pipe 
shall be accurately marked in quarters of 
the circumference prior to the test. 
Specimens shall be carefully bedded in 
sand, above and below, for one fourth 
the circumference of the pipe measured 
on the middle line of the barrel. The 
depth of the bedding above and below 
the pipe at the thinnest points shall be 


one half the radius of the middle line of 
the barrel. 

(6) The sand used shall be clean and 
moist and shall be such as will pass a 
4760-micron (No. 4) sieve conforming to 
the requirements of the Standard Speci- 
fications for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11).^ The 
sand in the lower bearing shall be loose 
when the pipe is placed. 

(c) The top bearing frame shall not be 
allowed to come in contact with the pipe 
nor with the top bearing plate. The 
upper surface of the sand in the top bear- 
ing shall be struck off level with a 
straightedge and shall be covered with a 
rigid top bearing plate, the lower surface 
of which is a true plane, made of heavy 
timbers or other rigid material, capable of 
distributing the test load uniformly with- 
out appreciable bending. The test load 
shall be applied at the exact center of this 
top bearing plate, in such a manner as to 
permit free motion of the plate in all 
directions. For this purpose a spherical 
bearing is preferred, but two rollers at 
right angles may be used. 

(d) The test may be made without 
the use of a testing machine, by piling 
weights directly on a platform resting 
on the top bearing plate; provided, how- 
ever, that the weights shall be piled sym- 
metrically about a vertical line through 
the center of the pipe, and that the plat- 
form shall not be allowed to touch the 
top bearing frame. 

(e) The frames of the top and bottom 
bearings shall be made of timbers so 
heavy as to avoid appreciable bending by 
the side pressure of sand. The interior 
surfaces of the frames shall be dressed. 
No frame shall come in contact with the 
pipe during the test. A strip of cloth 
may be attached, if desired, to the inside 
of the upper frame on each side, along 
the lower edge, to prevent the escape of 
sand between the frame and the pipe. 
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Absorption Test 
Test Specimens 

18. (a) The test specimens shall be 
sound pieces, of the full thickness of the 
barrel of the pipe, with all edges broken, 
and may be from pipe broken in the 
strength tests. They shall be from 12 to 
20 sq. in. in area, and shall be as nearly 
square as they can be readily prepared. 
They shall be free of observable cracks 
or shattered edges, and shall contain 
laminations and fissures only to the ex- 
tent that these are representative of the 
pipe from which the specimens were 
taken. 

(b) Each specimen shall be marked so 
that it may be identified with the pipe 
used in the strength test from which the 
specimen was taken. The marking shall 
be applied so that the pigment used shall 
cover not more than 1 per cent of the 
total superficial area of the specimen. 

{c) One specimen shall be tested from 
each pipe broken in the strength test. 

Weighing Apparatus 

19. The balance used shall be sensitive 
to 0.5 g. when loaded with 1 kg., and 
weighings shall be read at least to the 
nearest gram. When other than metric 
weights are used, the same degree from 
accuracy shall be obtained. 

Procedure 

20. (a) The specimens shall be dried 
to constant weight in a drier or oven at 
a temperature of not less than 110 C. 
(230 F.). 

(b) The dried specimens shall be 
placed in a suitable wire receptacle, 
packed tightly enough to prevent 
jostling, covered with distilled water or 
rain -water, raised to the bo iling point 
and boiled for 5 hr., and then cooled in 
water to a final temperature of 15 to 
25 C. (59 to 77 F.). When cool, the 
specimens shall be removed from the 


water and allowed to drain for not more 
than 1 min. The superficial moisture 
shall then be removed by a towel or 
blotting paper, and the specimens im- 
mediately weighed. 

Calculation and Report 

21. The absorption of each specimen 
shall be calculated as percentage of the 
initial dry weight. The results shall be 
reported separately for each individual 
specimen, together with the average for 
all the specimens tested from the same 
shipment of pipe. 

Acceptance or Rejection on Results 
OE Tests 

Crushing Strength and Absorption 

22. {a) The crushing strength shall 
conform to the requirements prescribed 
in Table I and the absorption shall not 
exceed 8 per cent, except as provided in 
Paragraphs (6), (c), and (d). 

TABLE I.-CRUSHING STRENGTH REQUIREMENTS 
FOR STANDARD STRENGTH CLAY SEWER PIPE. 


Size, in. 

Average Strength, min., lb, 
per linear ft. 

Three-Edge- 
Bearing Method 

Sand-Bearing 

Method 







8 



10 



12 



15 



18 



21 

2000 

2860 

24 

2400 

3430 

27 

2750 

3930 

30 

3200 

4570 

33 

3500 

SOOO 

36 

3900 

5570 



(J) Failure of more than 20 per cent 
of the specimens of a size to conform to 
the requirements of the strength tests or 
the absorption tests or both shall result in 
rejection of all the pipe of that size in 
the shipment or delivery; except that in 
the event of 20 per cent of the specimens 
in any size failing to meet the require- 
ments, the manufacturer or seller may, 
with the consent of the purchaser, 
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furnish for test, without charge, addi- 
tional specimens from the same shipment 
to be selected as specified in Section 11. 
In case more than 80 per cent of the 
specimens tested, including those first 
tested, shah show substantial conform- 
ance for each of the various tests per- 
formed, then the entire shipment or 
delivery for this size shah be accepted; 
otherwise it shall be rejected. 

(c) tiowever, in case of failure of pipe 
to conform to the strength requirements 
under the specified method, and the accur- 
acy of the testing machine is questioned, 
a retest at the request of the manufacturer 
shall be made upon a machine whose ac- 
curacy is known, or the machine 
originally used shall be recalibrated be- 
fore the retest is made. 

(d) In addition to the requirements in 
Paragraph (b), failure of 10 per cent or 
more of the individual specimens tested 
to develop 75 per cent of the average 
crushing strength requirements shall be 
cause for the rejection of the shipment, 
but the manufacturer or seller may cull 
the pipe and submit the balance of the 
shipment for retest, and if the shipment 
then conforms to all of the requirements 
of these specifications it shall be ac- 
cepted. 

Sizes and Dimensions, Workmanship 
AND FnSiLSH 
Sizes and Dimensions 

23. Pipe shall be furnished of the 
sizes and of the dimensions, including 
permissible variations, prescribed in Table 
II. When more than one length is per- 
mitted, the purchaser shall indicate, at 
the time of purchase, which lengths shall 
be furnished; unless so indicated, the 
manufacturer shall furnish such lengths 
as he may elect. 

Straightness 

24. Pipes intended to be straight shall 
have a maximum ordinate as measured 


from the concave side of the pipe not to- 
exceed | in, per foot of length. 

Salt Glaze 

25, The glaze shall consist of a con- 
tinuous layer of salt glaze substantially 
free of large blisters or large pimples. 


TABLE n.— DIMENSIONS OF STANDARD 
STRENGTH CLAY SEWER PIPE. 




Not more than 10 per cent of the inner 
surface of any pipe barrel shall be bare 
of glaze except the socket, where it may 
be entirely absent. Glazing shall not be 
required on the outer surface of the 
barrel at the spigot end for a distance 
from the end of the pipe equal to the 
specified depth of socket. There shall 
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be no well defined network^^of crazing 
lines or hair cracks. 

Blisters 

26. No blisters shall exceed 3 in. in 
'’diameter, and no blisters or pimples shall 
project more than i in. above the sur- 
rounding surface of the pipe for sizes up 
to and including 18 in. in internal diam- 
eter. For sizes over 18 in. in internal 
-diameter, no blisters shall exceed in 
diameter more than 2 in. per foot of the 
internal diameter of the pipe, nor project 
above the surrounding surface of the 
pipe more than | in. per foot of the 
internal diameter of the pipe. 

Finish of Ends 

27. (a) The ends of the pipes shall be 
square with their longitudinal axis, ex- 
cept as provided in Table II. 

(5) The inner surface of the socket 
and the outer surface of the spigot end of 
the pipe shall be scored by triangular- 
shaped or semicircular-shaped rings 
about I in. in depth. The minimum 
number of scorings shall be as follows: 

Number of 


Size of Pipe, in. min. 

4 and 6 1 

8 and 10 2 

12 to 36 3 


Fittings 

28. (a) Fittings shall have a plain 
spigot end and a socket end correspond- 
ing in all respects with the dimensions 
specified for pipes of the corresponding 
size. The nominal laying length of T 
and Y branch fittings shall be as follows: 
4-in. fittings, 1 ft.; 6-in. fi.ttings, ft.; 
8 to 36-in. fittings, 3 ft. Tolerances on 
the dimensions of fittings shall. be the 
same as for straight pipe. All fittings 
shall conform in finish to the require- 
ments for pipe prescribed in Sections 
25 to 27. 


(b) Slants shall have their spigot ends 
cut at an angle of approximately 60 deg. 
with the longitudinal axis. 

(c) Curves shall be at angles of ap- 
proximately 90, 45, and 30 deg. as re- 
quired. 

(d) Branches shall be furnished with 
the spur or spurs of the size or sizes 
specified, securely and completely fas- 
tened in the process of manufacture to 
the barrel of the pipe. T-branches and 
double T-branches shall have their axes 
perpendicular to the longitudinal axis of 
the pipe. Y-braiiches and double Y- 
branches shall have their axes approxi- 
mately 60 deg. from the longitudinal 
axis of the pipe, measured from the 
socket end. All spurs shall terminate in 
sockets, and the barrel of the spurs shah 
be of sufificient length to permit making a 
proper joint when the connecting pipe is 
inserted in the spur socket. 

(e) Channel or split pipe, curves, and 
branches shall be approximate half sec- 
tions of the corresponding size of straight 
pipe and fittings. 

Marking 

29. Each length of pipe over 6 in. in 
diameter shall bear the initials or name 
of the person, company, or corporation 
by whom manufactured, and the location 
of the plant. The markings shall be 
indented on the exterior of the pipe near 
the socket and shall be plainly legible 
for purpose of identification. 

Inspection and Rejection 
Inspection 

30. All pipe shall be subject to inspec- 
tion at the factory, trench, or other point 
of delivery by a competent inspector 
employed by the purchaser. The pur- 
poses of the inspection shall be to cull 
and reject pipe that, independent of the 
physical tests herein specified, fail to 
conform to the requirements of these 
specifications. 
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Rejection 

31. Pipe shall be subject to rejection 
on account of any of the following: 

(a) Variations in any dimension ex- 
ceeding the permissible variations given 
in Table II, 

(&) Fractures or cracks passing 
through the barrel or socket, except that 
a single crack at the spigot end of the pipe 
not exceeding 75 per cent of the depth 
of the socket, or a single fracture in the 
socket not exceeding 3 in. around the 
circumference nor 2 in. lengthwise may 
be permitted, 

(c) Chips or fractures on the interior 
of the pipe exceeding 2 in. in length, 1 in. 
in width, and of a depth more than one 
fourth of the thickness of the shell, 

{d) Blisters that are broken or exceed 
the dimensions specified in Section 26, 


(e) Fire cracks or hair cracks sufficient 
to impair the strength, durability, or 
serviceability of the pipe, 

(/) Variation of more than | in. per 
linear foot in alignment of a pipe 
intended to be straight, 

(g) Glaze that does not conform to 
the requirements specified in Section 
25, and 

{k) Insecure attachment of spurs on 
branches. 

Marking of Rejected Specimens 

32. All pipe accepted may be plainly 
marked by the inspector. Rejected pipe 
shall not be marked or defaced so as to 
impair their value, but shall be replaced 
by the manufacturer or seller with pipe 
that meets the requirements of these 
specifications, without additional cost to 
the purchaser. 


Tentative Specifications for 
EXTRA STRENGTH CLAY PIPE' 



A.S.T.M. Designation: C 200 - 44 T 

Issued, 1944.= 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover extra 
strength clay pipe intended to be used 
for the conveyance of sewage, industrial 
wastes, and storm water. 

Note. — Attention is called to the Tentative 
Specifications for Standard Strength Clay Sewer 
Pipe (A.S.T.M. Designation: C 13)® and the 
Recommended Practice for Laying Sewer Pipe 
(A.S.T.M. Designation: C 12).® 

Class 

2. Pipe manufactured according to 
these specifications shall be known as 
“Extra Strength Clay Pipe.” 

Materials and Manufacture 

Materials and Manufacture 

3. {a) Clay pipe shall be manufac- 
tured from, surface clay, fire clay, or 
shale, or a combination of these 
materials. 

(&) Surface clay is an unconsolidated, 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-4 on Clay Pipe. 

* Accepted by Committee E-10 on Standards, August 
28, 1044. 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


unstratified clay,^ occurring on the 
surface. 

(c) Fire clay is sedimentary clay^ of 
low flux content. 

Note. — Fire clay is usually associated with 
coal measures. 

(d) Shale is a thinly stratified, con- 
solidated, sedunentary clay^ with well- 
marked cleavage parallel to the bedding. 

(e) These materials or any combina- 
tion thereof, when molded into pipe and 
subj'ected to suitable temperatures, shall 
yield a product that will be strong, dur- 
able, serviceable, free of objectionable 
defects, and shah, conform to these speci- 
fications. 

Resistance to Action of Acids 

Tests at Purchaser’s Option 

4. Tests for resistance to action of 
acids shall be optional with the pur- 
chaser, and shall be made only when 
specified by him in advance or in the 

*The definitions for the terrns “surface clay,” “fire 
clay,” and “shale” are based on the following definition 
for the term “clay”: 

Clay . — An earthy or stony mineral aggregate consisting 
essentially of hydrous silicates of alumina, plastic when 
sufficiently pulverized and wetted, rigid when dry, and 
vitreous when fired at a sufficiently high temperature. 
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“call ior bids. Ihe purpose of this 
test is to determine the resistance of pipe 
to the action of acids. 

Reagent 

5. When testing with either hydro- 
chloric, nitric, sulfuric, or acetic acid, 
as specified by the purchaser, a 1 iV® acid 
solution shall be used. 

Test Specimens 

6 . (fl) Whenever possible the test 
specimens shall be selected from pipe 
that previously have been broken in die 
strength test. Each specimen shall be 
not less than 2 by 2 in. in face area and 
equal in thickness to the thickness of 
the barrel of the pipe, and shall weigh 
not more than 200 g. The specimen 
shall be free of cracks or shattered edges. 

(b) At least one specimen shall be 
taken from pipe of each size in the lot or 
shipment being tested and shall be 
marked with graphite crayon with the 
same designation as the pipe from which 
it was taken. The results shall be re- 
ported separately for each individual 
specimen. 

Weighing Apparatus 

7. The balance used in weighing the 
specimen shall be sensitive to 0.01 g. 
when loaded with 200 g. 

Procedure 

8 . (a) The specimens to be tested 
shall be dried to constant weight at a 
temperature between 210 and 230 F. 

(5) The.specimens, upon reaching con- 
stant weight, shall be suspended and 
completely immersed in the test solution 
at a temperature between 70 and 90 F. 
for a period of 48 hr., then removed from 

5 These 1 N solutions should contain, respectively, 36.5, 
63, 49, and 60 g. of the acid per liter of solution. For the 
purpose of these tests the solution can be prepared by 
taking the following volumes of acid and diluting to 1 liter: 
H 2 SO 4 (sp. gr. 1.84), 28.5 ml.; HCl (sp. gr. 1.18), 88.9 ml.; 
HNOs (sp. gr. 1.42), 65 ml.; and glacial acetic acid (sp. 
gr. 1.05), 57,7 ml. 


the solution and carefully and thoroughly 
washed with hot water, allowing the 
washings to run into the solution in which 
the specimen was immersed. The solu- 
tion shall be filtered and the filter washed 
with hot water, adding the washings to 
the filtrate. To the filtrate shall be 
added 5 ml. of H 2 SO 4 (sp. gr. 1.84). 
The solution shall then be evaporated 
(avoiding loss by spattering) to about 
5 ml., transferred to a porcelain crucible 
(previously ignited to constant weight), 
and heated cautiously to dryness. The 
residue shall then be ignited to constant 
weight. 

Calculation 

9. The percentage of acid-soluble 
matter shall be calculated as follows: 

Acid-soluble matter, per cent ^ X 100 
where: 

R — weight of the residue in the por- 
celain crucible, and 

W — weight of the dry specimen before 
immersion. 

Acceptance or Rejection 

10. When the test for resistance to 
action of adds is specified, the pipe of each 
size and shipment shall be acceptable 
only when the percentage of acid-soluble 
matter for specimens representing such 
pipe does not exceed 0.25 per cent. 

Physical Test Requirements 
Crushing Strength Tests 
Test Specimens 

11. {a) The specimens for purpose of 
tests shall be sound, full-size pipe and 
shall be selected by the purchaser or his 
representative at the point or points 
designated by him when placing the order. 

(5) The manufacturer or seller shall 
furnish, without charge, specimens for 
tests, up to 0.5 per cent of the number of 
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pipe in each size of pipe furnished, ex- 
cept that in no case shall less than two 
specimens be furnished. 

Measurement and Observation of 

Specimens 

12. (o) The specimens shall first be 
freed from all visible moisture. When 
dry, each specimen shall be measured 
and inspected. The results of these ob- 
servations shall be recorded. 

(b) Defective Specimens . — Specimens 
that are observed to have fire cracks or 
other defects in form or dimensions, in 
excess of the limits permitted in these 
specifications, shall be discarded and 
replaced with additional specimens from 
the shipment. 

Test Bearings 

13. Pipe shall be tested for crushing 
strength by either the three-edge-bearing 
method or by the sand-bearing method 
as described in Sections 16 and 17. 
Either of the two specified bearing meth- 
ods shall be used on retests as provided 
for in Section 22 (b) and (c). 

Apparatus and Application of Load 

14. {a) Any prime mover or hand 
power device that will apply the load at 
a uniform rate of about 2000 lb. per 
min., or in increments of not more than 
100 lb. at the same rate, may be used in 
making the test. 

(b) The center of the load shall be 
applied to the top bearing block at a 
point distant from the spigot end of the 
pipe equal to one half of the over-all 
length of the pipe. The test load shall 
be applied to the upper bearing block 
in such a w^ay as to leave the bearing free 
to move in a vertical plane passing mid- 
way between the lower bearings. In 
testing pipe that is “out of straight,” the 
lines of the bearings chosen shall be 
from those which appear to give most 
favorable conditions for fair test. 


(c) The pipe shall be allowed to stand 
under load no longer than is required to 
apply the load and to observe and 
record it. 

(d) The testing machine shall be sub- 
stantial and rigid throughout, so that the 
distribution of the load will not be af- 
fected appreciably by the deformation or 
yielding of any part. The bearings 
shall be sufficiently rigid to transmit and 
receive uniform loads throughout their 
lengths without deflection, and shall be 
so attached to the machine as to transmit 
and receive the maximum loads produced 
by the tests without lost motion, vibra- 
tion, or sudden shock. 

(e) The bearings and the specimen 
shall be accurately centered so as to 
secure a symmetrical distribution of the 
loading on each side of the center of the 
pipe in every direction. 

(f) The load shall be applied until the 
pipe yields by cracks passing through the 
shell. At the discretion of the inspector 
the loading may be stopped before rup- 
ture of the pipe, provided the load is at 
least equal to the required average 
strength of the pipe. 

Calculation and Report 

15. The crushing strength shall be 
calculated by dividing the breaking load 
or applied load as provided in Section 
14 (f) by the net inside length of the 
barrel of the pipe, measuring from the 
bottom of the socket to the end of the 
spigot. The individual results of the 
tests of pipe of each size or each shipment 
shall be tabulated separately so as to 
show the percentage that fails to conform 
to the requirements of each test. 

Three-Edge-Bearing Method 

16. When the three-edge-bearing 
method is used, the ends of each speci- 
men of pipe shall be accurately marked 
in halves of the circumference prior to 
the test. The lower bearings shall con- 
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sist of two wooden strips with, vertical 
sides having their interior top corners 
rounded to a radius of approximately | 
in. The strips shall be straight and 
shall be securely fastened to a rigid block 
at least 6 by 6 in. in cross-section. The 
interior vertical sides of the strips shall 
be parallel and spaced a distance apart 
of 1 in. per foot of pipe diameter, but in 
no case less than 1 in. Before the pipe 
is placed, a fillet of plaster of Paris or 
other equalizing material, such as sand 
and sulfur, thick enough to compensate 
for the inequalities of the pipe barrel 
shall be cast on and between the lower 
bearings. The pipe shall be placed on 
the fillet while the plaster of Paris is still 
somewhat plastic. The upper bearing 
shall be a rigid wooden block at least 
6 by 6 in. in cross-section, straight and 
true from end to end. A fillet of plaster 
of Paris thick enough to compensate for 
the inequalities of the pipe barrel shall 
also be cast along the length of the crown. 
The upper bearing shall be brought in 
contact while the plaster of Paris is 
still somewhat plastic. The upper and 
lower bearings shall extend the full 
length of the pipe exclusive of the socket. 

Sand-Bearing Method 

17. {a) When the sand-bearing method 
is used, the ends of each specimen of 
pipe shall be accurately marked in 
quarters of the circumference prior to 
•the test. Specimens shall be carefully 
bedded in sand, above and below, for 
one fourth the circumference of the pipe 
measured on the middle line of the 
barrel. The depth of the bedding above 
and below the pipe at the thinnest points 
shall be one half the radius of the middle 
line of the barrel. 

(b) The sand used shall be clean and 
moist and shall be such as will pass a 
4760-micron (No. 4) sieve conforming to 
the requirements of the Standard Speci- 


fications for Sieves for Testing Purposes 
(A.S.T.M. Designation; E 11).® The 
sand in the lower bearing shall be loose 
w^hen the pipe is placed. 

(c) The top bearing frame shall not be 
allowed to come in contact with the pipe 
nor with the top bearing plate. The 
upper surface of the sand in the top 
bearing shall be struck off level with a 
straightedge and shall be covered with a 
rigid top bearing plate, the lower surface 
of which is a true plane, made of heavy 
timbers or other rigid material, capable 
of distributing the test load uniformly 
without appreciable bending. The test 
load shah, be applied at the exact center 
of this top bearing plate, in such a man- 
ner as to permit free motion of the plate 
in all directions. For this purpose a 
spherical bearing is preferred, but two 
rollers at right angles may be used. 

(d) The test may be made without 
the use of a testing machine, by piling 
weights directly on a platform resting on 
the top bearing plate; provided, however, 
that the weights be piled symmetrically 
about a vertical line through the center 
of the pipe, and that the platform shall 
not be allowed to touch the top bearing 
frame. 

(e) The frames of the top and bottom 
bearings shall be made of timbers so 
heavy as to avoid appreciable bending by 
the side pressure of the sand. The in- 
terior surfaces of the frames shall be 
dressed. No frame shall come in con- 
tact with the pipe during the test. A 
strip of cloth may be attached, if de- 
sired, to the inside of the upper frame on 
each side, along the lower edge, to pre- 
vent the escape of sand between the 
frame and the pipe. 

Absorption Test 
Test Specimens 

18. {a) The test specunens shall be 
sound pieces, of the full thickness of the 
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barrel of the pipe, with all edges broken, 
and may be from pipe broken in the 
strength tests. They shall be from 12 to 
20 sq. in. in area, and shall be as nearly 
square as they can be readily prepared. 
They shall be free of observable cracks 
or shattered edges, and shall contain 
laminations and iissures only to the 
extent that these are representative of 
the pipe from which the specimens were 
taken, 

(b) Each specimen shall be marked so 
that it may be identified with the pipe 
used in the strength test from which the 
specimen was taken. The markings 
shall be applied so that the pigment used 
shall cover not more than 1 per cent of 
the total superficial area of the specimen. 

(c) One specimen shall be tested from 
each pipe broken in the strength test. 

Weighing Apparatus 

19. The balance used shall be sensitive 
to 0.5 g. when loaded with 1 kg., and 
weighings shall be read at least to the 
nearest gram. When other than metric 
weights are used, the same degree of 
accuracy shall be obtained. 

Procedure 

20. (a) The specimens shall be dried 
to constant weight in a drier or oven at a 
temperature of not less than 110 C. 
(230 F.). 

(b) The dried specimens shall be 
placed in a suitable wire receptacle, 
packed tightly enough to prevent 
jostling, covered with distilled water or 
rain water, raised to the boiling point 
and boiled for 5 hr., and then cooled in 
water to a final temperature of 15 to 25 C. 
(59 to 77 F.). When cool, the specimens 
shall be removed from the water and 
allowed to drain for not more than 1 min. 
The superficial moisture shall then be 
removed by a towel or blotting paper, 
and the specimens immediately weighed. 


Calculation and Report 

21. The absorption of each specimen 
shall be calculated as percentage of the 
initial dry weight. The results shall be 
reported separately for each individual 
specimen, and as averages for the pipe of 
each size and for the shipment. 

Acceptance or Rejection on Results 
OF Tests 

Crushing Strength and Absorption 

22. {a) The crushing strength shall 
conform to the requirements prescribed 
in Table I and the absorption shall not 


table i.-crushing strength re- 
quirements for extra-strength 
clay sewer pipe. 


Nominal Size, 
in. 

Average Strength, min., lb. 
per linear It. 

Three-Edge- 
Bearing Method 

Sand-Bearing 

Method 

6 

2000 

2850 

8 

2000 

28S0 

10 

2000 

2850 

12 

22S0 

3200 

IS 

27S0 

3925 

18 

3300 

4700 

21 

38S0 

5500 

24 

4400 

6300 

30 

SOOO 

7100 

3d 

6000 

8575 


exceed 8 per cent, except as provided in 
Paragraphs (&), (c), and (d). 

(6) Failure of more than 20 per cent 
of the specimens of a size to con- 
form to the requirements of the 
strength tests or tlie absorption tests or 
both shall result in rejection of all the 
pipe of that size in the shipment or 
delivery; except that in the event of 
20 per cent of the specimens in any 
size failing to meet the requirements, 
the manufacturer or seller may, with the 
consent of the purchaser, furnish for 
test, without charge, additional speci- 
mens from the same shipment to be 
selected as specified in Section 11. In 
case more than 80 per cent of the speci- 
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} mens tested, including those first tested, 

I shall show substantial conformance for 

each of the various tests performed, then 
the entire shipment or deliveiy for this 
size shall be accepted; otherwise it shah, 

■ be rejected. 

; (c) However, in case of failure of pipe 

to conform to the strength requirements 
under the specified method, and the ac- 
curacy of the testing machine is ques- 
tioned, a retest at the request of the 
manufacturer may be made upon a 
machine whose accuracy is known, or the 
machine originally used shall be recali- 
brated before the retest is made. 

(d) In addition to the requirements in 
Paragraph (d), failure of 10 per cent or 
more of the individual specimens tested 
to develop 75 per cent of the average 
crushing strength requirements shall be 
cause for the rejection of the shipment, 
but the manufacturer or seller may cull 
the pipe and submit the balance of the 
shipment for retest, and if the shipment 
then conforms to all of the requirements 
of these specifications it shall be 
accepted. 

Sizes and Dimensions, Workmanship 
AND Finish 

Sizes and Dimensions 

23. Pipe shall be furnished of the sizes 
and of the dimensions, including permis- 
sible variations, prescribed in Table II. 
When more than one length is permitted, 
the purchaser shall indicate, at the time 
of purchase, which lengths shall be fur- 
nished; unless so indicated, the manu- 
facturer shall furnish such lengths as 
he may elect. 

Straightness 

24. Pipe intended to be straight shall 
have a maximum ordinate as measured 
from the concave side of the pipe not to 
exceed I in. per foot of length. 


Salt Glaze® 

25. The glaze shall consist of a con- 
tinuous layer of salt glaze substantially 
free of large blisters or large pimples. 
Not more than 10 per cent of the inner 
surface of any pipe barrel shah be bare of 


TABLE II.-DIMENSIONS OF EXTRA-STRENGTH 
CLAY SEWER PIPE. 



Laying Length 

Maximum Difference in 
Length of Two Oppo- 
site Sides, in. 

j 

1 

_Inside 

Nom- 

inal 

Size, 

Nominal, 

ft. 

of 

Minus 

Varia- 

tion,® 

Diameter 
of Barrel,® 

of Socket 
at % in. 

Above 
Base, in. 



per 
ft. of 
length 

M- 1 
Min. 1 

1 

Max. 

Min. 

Max. 

6 

8 

10 

12 

IS 

18..... 

21 

24 

30 

36..... 

2, 2M, 3 

3 

3 

3, 4 

3, 4 

3, 4 
3, 4 

3, 4 

3, 4 

i 

k 

Vs 

Vs 

i 

1 

If' 

11 H 
13% 
1114 
20% 

27 H 
34% 
40% 

7% 
9 % 
12 

14 %6 
171% 

m 

42% 

15% 
18 % 
22 M 

Itg; 

13 % 
15% 

23 

26% 
30% 
37 % 
44% 


Nominal 
Size, in. 

Depth of 
Socket, in. 

Thickness of 
Barrel, in. 

Thickness of 
Socket at 
% in. from 
Outer End, 
in. 


Nom- 

inal 

Min. 

Nom- 

inal 

Min. 

Nom- 

inal 

lUin. 

6 

2% 

2 k 

2 


% 



8 

in 

II 

Vi 

10 



% 

12 

IS 

1 % 

1 14 

’Ms 

15 

1 H 

IS 

’54 


IS 


2% 

1 Vs 

1 % 

1% 

21.. ..... 

3% 

3 H 

2% 

2 



24 

3% 

V4 

2% 

2% 

2% 


1 H 

30 . 

3 % 

3 


1 si 

36 

4 

3% 

3% 

2% 




® There is no limit for plus variation. 

The average actual inside diameters of pipe having 
the nominal thickness of barrel shown in Table II may be 
smaller than the nominal sizes. 

glaze except the socket, where it may be 
entirely absent. Glazing shall not be 
required on the outer surface of the 
barrel at the spigot end for a distance 
from the end of the pipe equal to the 
specified depth of socket. There shall 


« TJnglazed pipe cannot be demanded by the purchaser 
but may be accepted at his discretion. 
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be no well defined network of crazing 
lines or hair cracks. 

Blisters 

26. No blisters shall exceed 3 in. in 
diameter and no blisters or pimples shall 
project more than in. above the sur- 
rounding surface of the pipe for sizes up 
to and including 18 in. in internal diam- 
eter. For sizes over 18 in. in internal 
diameter no blisters shall exceed in di- 
ameter more than 2 in. per foot of the 
internal diameter of the pipe, nor project 
above the surrounding surface of the 
pipe more than I in. per foot of the in- 
ternal diameter of the pipe. 

Finish of Ends 

27. (a) The ends of the pipe shall be 
square with their longitudinal axis, ex- 
cept as provided in Table II. 

(6) The inner surface of the socket and 
the outer surface of the spigot end of 
the pipe shall be scored by triangular- 
shaped or semicircular-shaped rings 
about I in. in depth. The minimum 
number of scorings shall be as follows: 

Number of 
Scorings, 


Size of Pipe, in. min. 

6 1 

8 and 10 2 

12 to 21 3 

24 and 30 4 

36 5 


Fittings 

28. (a) All T and Y branches shall 
terminate in sockets, and the distance 
from the spigot end of branch fittings 
to the junction of a spur shah, be sufficient 
to permit acceptable jointing to adjacent 
pipe. The nominal laying length of T 
and Y branch fittings shall be as foUows: 
6-in. fittings, 1| ft.; 8 to 36-in. fittings, 
3 ft. Tolerances on the dimensions of 
fittings shall be the same as for straight 
pipe. i\ll fittings shall conform in finish 
to the requirements for pipe prescribed 
in Sections 25 to 27. 


(&) Slants shall have their spigot ends 
cut at an angle of approximately 60 
deg. with the longitudinal axis. 

(c) Curves shall be at angles of ap- 
proximately 90, 45, and 30 deg. as re- 
quired. 

(d) Branches shall be furnished with 
the spur or spurs of the size or sizes speci- 
fied, securely and completely fastened in 
the process of manufacture to the barrel 
of the pipe. T-branches and double 
T-branches shall have their axes per- 
pendicular to the longitudinal axis of the 
pipe. Y-branches and double Y- 
branches shall have their axes approxi- 
mately 60 deg. from the longitudinal axis 
of the pipe, measured from the socket 
end. All spurs shall terminate in 
sockets, and the barrel of the spurs shall 
be of sufficient length to permit making a 
proper joint when the connecting pipe is 
inserted in the spur socket. 

(e) Channel or split pipe, curves, and 
branches shall be approximate half sec- 
tions of the corresponding size of straight 
pipe and fittings. 

Marking 

29. Each length of pipe shall bear the 
initials or name of the person, company, 
or corporation by whom manufactured, 
the location of the plant, and the symbol 
“ES.” The markings shall be indented 
on the exterior of the pipe near the socket 
and shall be plainly legible for purpose of 
identification. 

Inspection and Rejection 
Inspection 

30. All pipe shall be subject to inspec- 
tion at the factory, trench, or other point 
of delivery by a competent inspector 
employed by the purchaser. The pur- 
poses of the inspection shall be to cuU 
and reject pipe that, independent of the 
physical tests herein specified, fail to 
conform to the requirements of these 
specifications. 
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Rejection 

31. Pipe shall be subject to rejection 
on account of any of the following: 

(a) Variations in any dimension ex- 
ceeding the permissible variations given 
in Table II, 

(5) Fractures or cracks passing 
through the barrel or socket, except that 
a single crack at the spigot end of the 
pipe not exceeding 75 per cent of the 
depth of the socket, or a single fracture 
in the socket not exceeding 3 in. around 
the circumference nor 2 in. lengthwise 
may be permitted, 

(c) Chips or fractures on the interior 
of the pipe exceeding 2 in. in length, 1 in. 
in width, and of a depth more than one 
fourth of the thickness of the shell, 

(d) Blisters that are broken or exceed 
the dimensions specified in Section 26, 


(e) Fire cracks or hair cracks sufficient 
to impair the strength, durability, or 
serviceability of the pipe, 

_ (jf) Variation of more than | in. per 
linear foot in alignment of a pipe in- 
tended to be straight, 
ig) Glaze that does not conform to 
the requirements specified in Section 25, 
and 

(h) Insecure attachment of spurs on 
branches. 

Marking of Rejected Specimens 

32. All pipe accepted may be plainly 
marked by the inspector. Rejected pipe 
shall not be marked so as to be defaced 
or to impair their value, but shall be 
replaced by the manufacturer or seller 
with pipe that meets the requirements of 
these specifications, without additional 
cost to the purchaser. 


AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. NO.: T 104-44 


Tentative Method of Test for 

SOUNDNESS OF AGGREGATES BY USE OF SODIUM SULFATE 
OR MAGNESIUM SULFATE^ 



A.S.T.M. Designation: C 88 - 44 T 
Issued, 1931; Revised, 1932, 1935, 1937, 1939, 1941, 1944.2 
T his Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method covers the procedure 
to be followed in testing aggregates to 
determine their resistance to disinte- 
gration by saturated solutions of sodium 
sulfate or magnesium sulfate. It fur- 
nishes information helpful in judging 
the soundness of aggregates subject to 
weathering action, particularly when 
adequate information is not available 
from service records of the material 
exposed to actual weathering conditions. 
Attention is called to the fact that test 
results by the use of the two salts differ 
considerably and care must be exercised 
in fixing proper limits in any specifica- 
tions which may include requirements 
for these tests. 

Apparatus 

2. The apparatus shall consist of the 
following: 

1 Under tlie standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee G-9 on Concrete and Concrete Aggregates. 

* Latest revision accepted by the Society at annual 
meeting, June, 1944. 


(a) Sieves . — Sieves with square open- 
ings of the following sizes conforming to 
the Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: E 11) of the American Society for 
Testing Materials,® for sieving the sam- 
ples in accordance with Sections 4 and 5: 

Fine Series Coarse Series 

No. 100 (149 micron) f in. 

No. 50 (297 micron) , f in. 

No. 30 (590 micron) l| in. 

No. 16 (1190 micron) 2| in. 

No. 8 (2380 micron) larger sizes by 

No. 4 (4760 micron) 1-in. spread. 

(b) Containers . — Containers for im- 
mersing the samples of aggregate in the 
solution, in accordance with the pro- 
cedure described in this method, shall 
be perforated in such a manner as to 
permit of free access of the solution to 
the sample and of drainage of the solu- 
tion from the sample without loss of 
aggregate. The volume of the solution 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M, Designations at front of book. 
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in which samples are immersed shall be 
at least five times the volume of the 
sample immersed at any one time. 

Note. — Baskets made of suitable wire mp sb 
or sieves with suitable openings are satisfactory 
containers for the samples. 

(c) Temperature Regulation. — Suitable 
means for regulating the temperature 
of the samples during immersion in the 
sodium sulfate or magnesium sulfate 
solution shall be provided. 

(d) Balances. — For weighing fine ag- 
gregate, a balance having a capacity of 
not less than 500 g., sensitive to at least 
0.1 g., shall be used; for weighing coarse 
aggregate, a balance having a capacity 
of not less than 5000 g., sensitive to at 
least 1 g., shall be used. 

(e) Drying Own. — The drying oven 
shall provide a free circulation of air 
through the oven and shall be capable 
of maintaining a temperature of 105 to 
HOC. (221 to 230 F.). 

Special Solutions Required 

3. (a) Sodium Sulfate Solution. — The 
saturated solution of sodium suKate 
shall be prepared by dissolving a c.p., 
U.S.P., or equal grade of the salt in 
water at a temperature of 25 to 30 C. 
(77 to 86 F.). SufiScient salt (Note), 
of either the anhydrous (Na 2 S 04 ) o 
the crystalline (Na 2 SO 4 T 0 H 2 O) form,^ 
shall be added to insure not only satura- 
tion but also the presence of excess crys- 
tals when the solution is ready for use in 
the tests. The mixture shall be thor- 
oughly stirred during the addition of the 
salt and the solution shall be stirred at 
frequent intervals until used. The solu- 
tion shall be cooled to a temperature of 
21 ± 1 C. (70 ± 2 F.) and maintained 

■‘Experience with the test method indicates that a 
grade of sodium sulfate designated by the trade as dried 
powder, which may be considered as approximately an- 
hydrous, is the most practical for use. That grade is more 
economically available than the anhydrous form. The 
dccahydrate sodium sulfate presents difficulties in com- 
pounding the required solution on account of its cooling 
effect on the solution. 


at that temperature for at least 48 hr. 
before use; it shall be thoroughly stirred 
immediately before use and, when used, 
shall have a specific gravity of not less 
than 1.151 and not greater than 1.174. 

Note. — For the solution, 215 g, of anhydrotis 
salt or 700 g. of the decahydrate per liter of 
water are sufficient for saturation at 22 C. 
However, since these salts are not completely 
stable and since it is desirable that an excess 
of crystals be present, the use of not less than 
350 g. of the anhydrous salt or 750 g. of the 
decahydrate salt per liter of water is recom- 
mended. 

(5) Magnesium Sulfate Solution.— TTit 
saturated solution of magnesium sulfate 
shall be made by dissolving a c.p., 
U.S.P., or equal grade of the salt in 
water at a temperature of 25 to 30 C. 
(77 to 86 F.). Sufficient salt (Note), 
of either the anhydrous (MgS 04 ) or 
the crystalline (MgS04 -71120) (Epsom 
Salt) form, shall be added to insure 
saturation and the presence of excess 
crystals when the solution is ready for 
use in the tests. The mixture shall be 
thoroughly stirred during the addition 
of the salt and the solution shall be 
stirred at frequent intervals until used. 
The solution shall be cooled to a tem- 
perature of 21 rfc 1 C. (70 ± 2 F.) and 
maintained at that temperature for at 
least 48 hr. before use; it shall be thor- 
oughly stirred immediately before use 
and, when used, shall have a specific 
gravity of not less than 1.295 and not 
more than 1.308. 

Note. — For the solution, 350 g. of anhydrous 
salt or 1230 g. of the heptahydrate per liter of 
water are sufficient for saturation at 23 C. 
However, since these salts are not completely 
stable, with the hydrous salt being the more 
stable of the two, and since it is desirable that 
an excess of crystals be present, it is recom- 
mended tliat the heptahydrate salt be used and 
in an amount of not less than 1400 g. per liter 
of water. 

Samples 

4. {a) Fine Aggregate . — Fine aggre- 
gate for the test shall be passed through 
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a l-in. sieve. The sample shall be of 
such size that it will yield not less than 
100 g. of each of the following sizes, 
which shall be available in amounts of 
5 per cent or more, expressed in terms of 
the following sieves: 


Retained on Sieve 
No. SO ( 297 micron) 
No. 30 ( 590 micron) 
No. 16 (1190 micron) 
No. 8 (2380 micron) 
No. i (4760 micron) 


Passing Sieve 
No. 30 ( 590 micron) 
No. 16 (1190 micron) 
No. 8 (2380 micron) 
No. 4 (4760 micron) 

V»m. 


(b) Coarse Aggregate— Coaxse aggre- 
gate for the test shall consist of material 
from which the sizes finer than the No. 4 
(4760-micron) sieve have been removed. 
The sample shall be of such a size that 
it will yield not less than the following 
amounts of the different sizes, which 
shall be available in amounts of 5 per 


cent or more: 


Size 

(Square-Opening Sieves) 

No. 4 to f in 300 g. 

f to f in 1000 g. 

Consisting of: 

I to |-in. material 33 per cent 

I to f-in. material 67 per cent 

I to 1^ in 1500 g. 

Consisting of : 

f to l-in. material 33 per cent 

1 to 1^-in. material 67 per cent 

1 J to 24-in 3000 g. 

Consisting of: 

14 to 2-in. material 50 per cent 

2 to 24-in. material 50 per cent 

Larger sizes by l-in. spread in 

sieve size, each fraction 3000 g. 


(c) Should the samples contain less 
than 5 per cent of any of the sizes speci- 
fied in Paragraph (a) or (b), that size 
shall not be tested, but, for the purpose 
of calculating the test results, it shall be 
considered to have the same loss in 
sodium sulfate or magnesium sulfate 
treatment as the average of the next 
smaller and the next larger size, or if one 
of these sizes is absent, it shall be con- 
sidered to have the same loss as the 
next larger or next smaller size, which- 
ever is present. 


Preparation of Test Sample 

5. (a) Fine Aggregate. — The sample 
of fine aggregate shall be thoroughly 
washed on a No. 50 (297-micron) sieve, 
dried to constant weight at 105 to 110 
C. (221 to 230 F.), and separated into 
the different sizes by sieving, as follows: 
Make a rough separation of the graded 
sample by means of a nest of the stand- 
ard sieves specified in Section 4 (a). 
From the fractions obtained in this 
manner select samples of sufiScient size 
to yield 100 g. after sieving to refusal. 
(In general, a 110-g. sample will be 
sufficient.) Fine aggregate sticking in 
the meshes of the sieves shall not be 
used in preparing the samples. Sam- 
ples consisting of 100 g. shall be weighed 
out of each of the separated fractions 
after final sieving and placed in separate 
containers for the test. 

(6) Coarse Aggregate. — The sample of 
coarse aggregate shall be thoroughly 
washed and dried to constant weight at 
105 to no C. (221 to 230 F.) and shall 
be separated into the different sizes 
shown in Section 4 (b) by sieving to 
refusal. The proper weight of sample 
for each fraction shall be weighed out 
and placed in separate containers for 
the test. In the case of fractions coarser 
than the |-in. sieve, the number of 
particles shall be counted. 

(c) Ledge Rock. — For testing ledge 
rock, the sample shall be prepared by 
breaking it into fragments reasonably 
uniform in size and shape and weighing 
approximately 100 g. each. The test 
sample shall weigh 5000 g. ± 2 per cent. 
The sample shall be thoroughly washed 
and dried previous to test as described' 
in Paragraph (b). 

Procedure 

6. (a) Storage of Samples in Solution. 
— ^The samples shall be immersed in the 
prepared solution of sodium sulfate or 
magnesium sulfate for not less than 16 
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hr. nor more than 18 hr. in such a manner 
that the solution covers them to a 
depth of at least f in. The containers 
shall be covered to reduce evaporation 
and prevent the accidental addition of 
extraneous substances. The samples im- 
mersed in the solution shall be main- 
tained at a temperature of 21 db 1 C. 
(70 ± 2 F.) for the immersion period. 

(b) Drying Samples After Immersion. 
— After the immersion period the ag- 
gregate sample shall be removed from 
the solution, permitted • to drain, and 
placed in the drying oven. The tem- 
perature of the oven shall have been 
brought previously to 105 to 110 C. 
(221 to 230 F.). Care shall be exercised 
to avoid loss of any of the aggregate 
particles or, in the case of fine aggre- 
gate, of any detritus coarser than a No. 
100 (149-micron) sieve (Note). The 
samples shall be dried to constant weight 
at the specified temperature. After 
drying, the samples shall be allowed to 
cool to room temperature, when they 
shall again be immersed in the pre- 
pared solution as described in Para- 
graph (a). 

Note. — In the case of coarse aggregate the 
detritus should also be saved if the complete 
analysis suggested in the Note in Section 7 (f>) 
is made. 

(c) Number of Cycles. — The process 
of alternate immersion and drying shall 
be repeated until the required number 
of cycles is obtained. 

Quantitative Examination 

7. The quantitative , examination 
(Note) shall be made as follows: 

(fl) After the completion of the final 
cycle and after the sample has cooled, 
the sample shall be washed free from 
the sodium sulfate or magnesium sulfate 
as determined by the reaction of the 
wash water with barium chloride 
(BaCb). 

(6) After the sodium suKate or mag- 


nesium sulfate solution has been re- 
moved, each fraction of the sample shall 
be dried to constant weight at 105 to 
HOC. (221 to 230 F.), weighed, and, 
except in the case of ledge rock, sieved 
over the same sieve on which it was re- 
tained before the test. The particles 
retained on this sieve shall be weighed 
and the weight recorded. 

Note. — In addition to the procedure de- 
scribed in Paragraphs {a) and (J), it is suggested 
that additional information of value will be ob- 
tained by examining each fraction visually in or- 
der to determine whether there is any evidence of 
excessive splitting of the grains. It is suggested 
also that additional information of value will be 
obtained if, after treating each separate fraction 
of the sample as described in Paragraph (i), 
all sizes, including detritus, are combined and 
a sieve analysis made using a complete set of 
sieves for the determination of the fineness 
modulus. The results of the sieve analysis 
shall be recorded as cumulative percentages 
retained on each sieve. 

{c) Alternative Procedure. — After the 
sodium sulfate or magnesium sulfate solu- 
tion has been removed, each fraction of the 
sample shall be dried to constant weight 
at 105 to 110 C. (221 to 230 F.), weighed, 
and, except in the case of ledge rock, 
sieved over a sieve having square open- 
ings one half the size of the sieve on which 
the material was originally retained. The 
particles retained on this sieve shall be 
weighed and the weight recorded. 

{d) In the case of ledge rock the loss 
in weight shall be determined by sub- 
tracting from the original weight of the 
sample the final weight of all fragments 
which have not broken into three or 
more pieces. 

Qualitative Examination 

8. (a) Fractions of samples coarser 
than f in. shall be examined qualita- 
tively after each immersion and quanti- 
tatively at the completion of the test. 

(5) The qualitative examination and 
record shall consist of two parts: (7) 
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observing the effect of the action (Note) 
by the sodium sulfate or magnesium 
sulfate solution and the nature of the 
action, and (2) counting the number of 
particles affected. 

Note. — Many types of action may be ex- 
pected. In general, they may be classified as 
disintegration, splitting, crumbling, cracking, 
flaking, etc. 

While only particles larger than | in. in 
size are required to be examined qualitatively, it 
is recommended that examination of the smaller 
sizes be made in order to determine whether 
there is any evidence of excessive splitting. 


received for examination or, preferably, 
on the average grading of the material 
from that portion of the supply of which 
tlie sample is representative. In these 
calculations sizes finer than the No. 50 
sieve shall be assumed to have 0 per 
cent loss. 

(d) In the case of particles coarser 
than I in. before test: (i) The number 
of particles in each fraction before test, 
and (2) the number of particles affected, 
classified as tq number disintegrating, 


TABLE L-SUGGESTED FORM FOR RECORDING TEST DATA (WITH ILLUSTRATIVE TEST VALUES). 


Sieve Size 

Grading of 
Original 

Weight of 
Test Frac- 

Percentage 
Passing 
Finer Sieve 

Weighted 
Average _ 

Passing 

Retained on 

Sample, 

percent 

tions Before 
Test, g. 

1 

(Actual 

Percentage 

Loss) 

Percentage 

Loss) 


Soundness Test of Fine Aggregate 


No. 100 (149 micron) i 

No. 50 (297 micron) i 

No. 30 (590 micron) i 

No. 10 (1190 micron) 

No. 8 (2380 micron) i 

No. 4 (4760 micron) 

Hin 

No. 100 (149 micron) 

No. SO (297 micron) 

No. 30 (590 micron) 

No. 16 (l 190 micron) i 

No. 8 (2380 micron) i 

No. 4 (4760 micron) 

S.O 
11.4 
26.0 
25.2 , 

17.0 
10.8 

4.6 

100 

100 

100 

100 

4.2 

4.8 

8.0 

11.2 
11.2“ 

1.09 

1.21 

1.36 

1.21 

0.52 

Totals 


100.0 

400 


5.39 




Soundness Test of Coarse Aggregate 


in. 









1500^ 








2.20 

1.34 

^ in.... 

No. 4 (47fiO 

12.0 

300*' 

11.2 



Totals 1 


100.0 i 

5800 


8.10 


“ The percentage loss (11.2 per cent)_ of the next smaller size is used as the percentage loss for this size, since this size 
contains less than 5 per cent of the original sample as received. See Section 4 (c) . 

^ Minimum amounts; larger samples may be used. 


Report 

9. The report shall include the follow- 
ing data (Note): 

(a) Weight of each fraction of each 
sample before test. 

(&) Except in the case of ledge rock, 
material from each fraction of the 
sample finer than the sieve on which the 
fraction was retained before test ex- 
pressed as a percentage by weight of the 
fraction. 

(c) Weighted average calculated from 
the percentage of loss for each fraction, 
based on the grading of the sample as 


splitting, crumbling, cracking, flaking, 
etc. 

(e) In the case of ledge rock: (I) The 
percentage of loss calculated as described 
in Section 7 (d) and (2) the number of 
pieces affected, classified as to number 
disintegrating, splitting, crumbling, 
cracking, flaking, etc. 

(/) Character of solution (sodium or 
magnesium sulfate). 

Note.— Table I, shown with test values 
inserted for purpose of illustration, is a suggested 
form for recording test data. The test values 
shown naight be appropriate for either salt, 
depending on the quality of the aggregate. 


Tentative Method of Test for 
SURFACE MOISTURE IN FINE AGGREGATE' 



A.S.T.M. Designation: C 70 - 44 T 
Issued, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test covers a pro- 
cedure for determining, in the field, the 
amount of surface moisture in fine ag- 
gregate by displacement in water. The 
accuracy of the method depends upon 
accurate information on the bulk specific 
gravity of the material in a saturated 
surface-dried condition. The same pro- 
cedure, with appropriate changes in the 
size of sample and dimensions of the 
container, may be applied to coarse 
aggregate. 

Apparatus 


eter, a volumetric flask, a graduated 
volumetric flask or other suitable meas- 
uring device. The volume of the 
container shall be from 2 to 3 times the 
loose volume of the sample. The con- 
tainer shall be so designed that it can be 
filled to mark, or the volume of its con- 
tents read, within 0.5 ml. or less. 

Sample 

3. A representative sample of the fine 
aggregate to be tested for surface mois- 
ture content shall be selected. It shall 
weigh not less than 200 g. Larger sam- 
ples will yield more accurate results. 


2. The apparatus shall consist of the 
following: 

(«.) Balance . — A balance having a 
capacity of 2 kg. or more and sensitive 
to 0.5 g. or less. 

(&) Flask . — ^A suitable container or 
flask, preferably of glass or noncorrosive 
metal. The container may be a pycnom- 


* Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates. 

2 Prior to its present publication as tentative, this 
method was published as tentative from 1927 to 1930, being 
revised in 1928 and 1930. It was adopted in 1930, pub- 
lished as standard from 1930 to 1944, but was withdrawn, 
revised, and republished as tentative in 1944. 


Procedure 

4. {a) The surface water content may 
be determined either by weight or 
volume. In each case the test shall be 
made at a temperature range of 65 to 
85F. 

(6) Determination by Weight . — The 
container shall be filled to mark with 
water and the weight in grams deter- 
mined. The container shall then be 
emptied. Enough water shall then be 
placed in the container to cover the sam- 
ple, after which the sample of fine ag~ 
1337 
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gregate shall be introduced into the 
container and the entrained air removed. 
The container shall then be filled to the 
original mark and the weight in grams 
determined. The amount of water dis- 
placed by the sample shall be calculated 
as follows: 

V, = Wc + W. - W 

where: 

Vs = weight of water displaced by sam- 
ple, in grams, 

Wc = weight of container filled to mark 
with water, in grams, 

Ws = weight of sample, in grams, and 
W — weight of container and sample, 
filled to mark with water, in 
grams. 

(c) Determination by Volume . — A vol- 
ume of water sufficient to cover the 
sample shall be measured in milliliters 
and placed in the container.. The 
weighed sample of fine aggregate shall 
then be admitted into the container and 
the entrained air removed. The com- 
bined volume of the sample and the 
water shall be determined by direct 
reading when a graduated flask is used. 
When a pycnometer or volumetric flask 
of known volume is used, the combined 
volume of the sample and the water shall 
be determined by filling to the mark with 
a measured volume of water and sub- 
tracting this volume from the volume of 
the container. The amount of water dis- 
placed by the sample shall be calculated 
as follows: 

y. = Fj _ V 

where: 

Vs = volume of water displaced by 
sample, in milliliters, 

Vz = combined volume of sample and 
water, in milliliters, and 
Fi = volume of water required to cover 
sample, in milliliters. 

Calculation 

5. The percentage of surface moisture 
in terms of the saturated surface-dry 
fine aggregate and in terms of the weight 


of wet fine aggregate shall be calculated 


as follows:® 
Pi 


Vs - Vd 
Ws - Vs 


X 100 


P2 


Vs - Vd 
Ws - Fd 


X 100 


where: 

Pi = surface moisture in terms of satu- 
rated surface-dry fine aggre- 
gate, in per cent, 

Pa = surface moisture in terms of the 
weight of wet fine aggregate, 
in per cent, 

Vd — the weight of the sample (Ws in 
Section 4 (6)) divided by the 
bulk specific gravity of the fine 
aggregate in a saturated sur- 
face-dried condition, deter- 
mined as prescribed in the 
Standard Method of Test for 
Specific Gravity and Ab- 
sorption of Fine Aggregate 
(A.S.T.M. Designation: C 128, )‘‘ 

Vs = weight of water displaced, in 
grams, and 

Ws = weight of sample, in grams. 


3 These formulas are readily derived from basic rela- 
tionships. For convenience express Pi in terms of the 
ratio r, that is, the ratio of the weight of surface moisture 
to the weight of the saturated, surface-dry sample. It 
follows that: 

l-t-r 

^ = 

1 r 

If G is bulk specific gravity of the saturated-surface- 
dry fine aggregate, then 

® 

where the first term gives the water displaced by the 
saturated-surface-dry fine aggregate and the second 
that displaced by the surface moisture. 

FromEq. 2: 

(3) 

G ^ 

By definition, 

Ws = VdG (4) 

IFa 

Substituting for j-qrj: and.lFs in Eq. 1 and simplifying, 

Ws-Vs 

The formula for Pa may be derived by similar reason- 
ing, or directly from that for Pi since. 

Vs - Vd 

Pa == Vd ^ 

^ + R/., - Fa 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 



Tentative Definition of 
THE TERM AGGREGATE' 



A.S.T.M. Designation: C58-28T 

Issued, 1926; Revised, 1928.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Aggregate. — ^In the case of materials of construction, designated inert material 
which when bound together into a conglomerated mass by a matrix forms 
concretes, mastic, mortar, plaster, etc. 


1 Under the standardization procedure of the Society, this definition is under the jurisdiction of the 
A.S.T.M. Committee E-8 on Nomenclature and Definitions. 

* This tentative definition when adopted as standard will be added to the Standard Definition of the 
Term Sand (A.S.T.M. Designation: C S8 - 28), which appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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AIR CONTENT (VOLUMETRIC) OF FRESHLY MIXED 
CONCRETEi 


9 

A.S.T.M. Designation: C 173 - 42T 
Issued, 1942.* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 

Scope flat piece of plate glass at least | 


1. This method of test covers the 
procedure for determining the quantity 
of air entrained in freshly mixed con- 
crete or mortar. 

Note. — T his method is believed to be ade- 
quate for all ordinary types of concrete and 
mortar, except that some types of masonry 
mortar, particularly those containing soap- 
forming materials, may not permit air deter- 
minations to be made with the same degree of 
accuracy that may be expected in tests of 
concrete. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Pycnometer . — A pycnometer, or 
weighing vessel, preferably cylindrical 
in shape and having a height between 
two and three times the diameter. 
The capacity shall be between 3 and 
4 liters (Note). The pycnometer shall 
be fitted with a flat, watertight cover 
and a suitable quick-acting clamp 
for holding it firmly in place. A 

' Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates. 

» Accepted by the Society at annual meeting, June, 
1942. 


in. in thickness, having a width 
somewhat less and a length somewhat 
greater than the diameter of the pyc- 
nometer, and having a shatp gaging 
point about 1 in. in length attached to 
the center of one face, shall be provided 
for gaging the volume of the pycnometer 
at a definite height above the bottom. 
For accuracy of this measurement the 
top edge and the outside surface of the 
bottom of the pycnometer shall be 
machined to true planes perpendicular 
to the axis of the cylinder. 

Note. — ^For concrete containing aggregates 
of maximum size greater than IJ in., a larger 
size pycnometer is desirable. A pycnometer of 
2 liters capacity should be satisfactory for 
mortar. 

{h) Balance. — A solution balance, or 
one of the suspended pan type, sensitive 
to 0.5 g. and having a capacity of 10 kg., 
or more, as may be required. 

(c) Weights . — Calibrated weights for 
the balance, such that any combination 
of weights in the desired range will be 
correct within 1 g. 

{d) Measure . — calibrated cylin- 
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drical measure of suitable size, prefer- 
ably of 0.1 cu. ft. capacity, fitted with a 
flat glass cover f in. or more in thickness 
and having a diameter or width 1 to 
2 in. greater than the diameter of the 
measure. 

{e) Thermometer . — A calibrated ther- 
mometer, such that readings in the 
neighborhood of room temperature will 
be correct within 0.2 C. 

(/) Syringe . — A rubber syringe for ad- 
justing water levels and for rinsing. : 

(g) Spray Nozzle . — A fine spray 
nozzle (insecticide type) on a hose at- 
tached to a water tap. 

Calibration of Pycnometer and Measure 

3. {a) The pycnonieter and measure, 
cleaned and dried, shall each be weighed 
to the nearest gram. The pycnometer 
shall be filled with freshly boiled dis- 
tilled water to the level of the gage 
point in the manner described in Sec- 
tion 5(6), and the weight of the water 
and its temperature determined. The 
weight of the water divided by its density 
(as determined from physical tables) 
gives the volume of the pycnometer. 
This volume, to the nearest 1 ml, shall 
be taken as the average of at least 
three independent determinations. 

(6) The volume of the measure shall 
be determined in a manner similar to 
that described in Paragraph {a), but the 
measure shall be filled slightly overfull, 
the excess water being removed by 
placing the glass cover plate on the 
measure and moving the plate back and 
forth. After weighing, the temperature 
of the water shall be determined, and 
the volume of the measure shall be 
calculated as the weight of water 
divided by its density. 

Determination of Density of Laboratory 

Water 

4. The water supply in many labora- 
tories may be appreciably heavier than 


distilled water, and the comparatively 
large, quantity involved in this method 
may require an appreciable correction 
for the density as taken from the 
physical tables . For this determination 
the calibrated pycnometer shall be u; ed. 
The weight of the tap water required to 
fih the pycnometer to the gage point 
level shall be taken as the average of at 
least three independent determinations, 
the temperature being closely observed 
each time. The weight of the, water 
divided by the volume of the pyc- 
nometer gives the density j and this shall 
be compared with the density of dis- 
tilled water at the same temperature. 
The difference constitutes a density 
correction' that shall be applied in all 
calculations involving the density of the 
laboratory water. 

Procedure 

5. (a) A sample of the concrete to be 
tested shall be placed in the calibrated 
measure in the standard manner (Note). 
The measure shall be just perceptibly 
overfilled, and the excess removed by 
sliding the glass cover across the top 
with a back and forth motion. Care 
shall be taken to see that the concrete 
is everywhere in contact with the glass 
and that the measure is exactly full. 
The “bulk” weight of the concrete shall 
then be obtained to the nearest 1 g. 

Note. — ^For comparative purposes, the stand- 
ard method of filling the measure shall be that 
described in Section S of the Standard Method of 
Test for Weight per Cubic Foot, Yield, and Air 
Content (Gravimetric) of Concrete (A.S.T.M. 
Designation: C 138) of the American Society for 
Testing Materials,® except that if the air content 
in concrete placed by vibration or in any other 
specific manner is to be determined, the sample 
shall be placed in the measure in that manner. 

(6) The concrete in the measure shall 
be returned to the batcli, remixed there- 
with, and a representative portion 
scooped into the pycnometer until it 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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is slightly more than half full. The 
pycnometer shall then be weighed and 
immediately filled with water at room 
temperature, to a level an inch or two 
below that of the gaging point. The 
cover shall be clamped on, and the con- 
crete thoroughly mixed with the water 
by first rotating the pj^cnometer from 
end to end and then rolling it slowly 
back and forth on the edge of the table. 
The mixing operation, designed to re- 
move all the entrained air, shall be con- 
tinued for a period of 3 to 5 min. The 
pycnometer shall then be slowly up- 
ended, the cover removed, and any 
adhering solids rinsed back into the 
pycnometer. If any appreciable amount 
of foam or scum remains on the surface 
of the water, it shall be thoroughly 
sprayed and reduced to minimum volume 
by a fine water spray. Small residual 
amounts of foam or scum shall then be 
removed from the surface by means of 
the syringe, care being taken to remove 
none of the cement in the operation. 
The pycnometer shall then be placed on 
a smooth and level table, and the water 
brought to the level of the gage point. 
The proper level shall be determined by 
raising and lowering the glass plate 
without jarring, while adjusting the 
water level, until the meniscus just per- 
sists in forming when the plate rests on 
the rim of the pycnometer. If a trace 
of foam or scum remaining on the surface 
of the water interferes with precise 
gaging, a clear surface may be obtained 
by touching it with the tip of the finger 
moistened with kerosine. When the 
gaging is completed, the gage shall be 
removed, and the pycnometer shall be 
cleaned and dried on the exterior and 
weighed to the nearest 1 g. 

(c) To insure that the air is com- 
pletely removed, the pycnometer shall 


be resealed with the cover, and the 
operation of shaking, rolling, and re- 
determinating the water level shall he 
repeated. If after this operation the 
weight of the system does not increase 
by more than 2 g., the test shall be con- 
cluded by determining the temperature 
of the water in the pycnometer as closely 
as the thermometer can be read. If the 
gain in weight is more than 2 g., the 
operation of shaking, rolling, and re- 
gaging shall again be repeated. 

Calculation 

6. The air content of the concrete 
shall be calculated as follows: 


C^’Vp-Vu, 
. 5 - C, 


- XlOO 


where : 

A = percentage of air contained in the 
concrete, 

B = bulk volume in milliliters of the 
sample weighed in the pyc- 
nometer, 

C = volume in milliliters of the sample 
weighed in the pycnometer 
minus the volume of the en- 
trained air, 

Wp — weight in grams of the sample 
weighed in the pycnometer, 

Wm = \veight in grams of the sample in 
the filled calibrated measure, 

Vm — volume in milliliters of the cali- 
brated measure, 

Vp = volume in milliliters of the pyc- 
nometer, and 

= volume in milliliters of the water 
required to fill the pycnometer 
after the de-airing process. 
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Note— The following example is submitted 
as a guide to the sequence of observations and 
computations, showing data and calculations 
from a determination of the air content of a 
laboratory batch of hand-mixed concrete. All 
weights are in grams and all volumes are in 
milliliters. 

(1) Weight of cement 

(2) Weight of fine aggregate (saturated and 

surface dry) 2275 

(J) Weight of coarse aggregate (saturated 

and surface dry) 4221; 

(4) Weight of water ^0 


Weight of batch. (7) + (2) + (3) + (4).. 8330 

Weight of 0.1-cu. ft. measure 4232.5 

Weight of 0.1-cu. ft. measure andconcrete 10913* 

Temperature of concrete, deg. C 19 8 

Weight of concrete, (?) - {6) 668o!5 

Weight of pycnometer 444O 5 


iii! 


Weight of pycnometer and concrete.... 

Weight of pycnometer, concrete, and 

water to fill J..... 

Temperature of water, deg. C 

Repeat (12) 

Repeat (12) again (if necessary) 

Temperature of water, deg. C 

Density of water, (from tables, corrected) 

Weight of concrete, (11) - (lO) 

Weight of water, (14) - (11) or (IS) - 

Volume of Water,' (/P) '4-' '(1 ?)'. ! " ! ! ! ! ; ! 

Volume of pycnometer (from calibration) 

Absolute volume of concrete, (21) - (20) 

Volume of 0.1-cu. ft. measure (from 

calibration).. 2830 

Butt volume of concrete, (23) X (IS) 

Volume of kir.' (24) ~(22 ).'.'. ] 

Percentage of air, 100 X (21) (24).... 1.03 

Absolute specific gravity of concrete. 


10015 

11780 

19.3 

11779.5 

19.5 

0.998 

5574.5 

1764.5 
1766,8 
4104 
2337.2 


Tentative Method of 

MAKING AND CURING CONCRETE COMPRESSION AND 
FLEXURE TEST SPECIMENS IN THE LABORATORY^ 



A.S.T.M. Designation: C 192 - 44 T 
Issued, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
imder its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method covers the procedure 
for making and curing compression and 
flexure test specimens of concrete in the 
laboratory under accurate control of 
quantities of materials and test condi- 
tions. 

Note. — For the method of making and 
curing compression and flexure test specimens 
of concrete during construction, see the Stand- 
ard Method of Making and Curing Concrete 
Compression and Flexure Test Specimens in the 
Field (A.S.T.M. Designation: Cdl).® 

Preparation of Materials 

2. (a) Materials shall be brought to 
room temperature (preferably 65 to 75 F., 
18 to 24 C.) before beginning' the tests, 

(b) Cement . — Cement shall be stored 
in a diy”- place, in moisture-proof con- 
tainers; preferably made of metal. The 
cement shall be thoroughly mixed, in 

1 Under the standardization procedure of the Society, 
this rnethod is under the jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete .and Concrete Aggregates. 

2 This method represents a revision of and replaces the 
procedures for making and curing specimens which ap- 
peared in the former Standard Method of Test for Com- 
pressive Strength of Concrete (C 39 - 42) and the Standard 
Method of Test for Flexural Strength of Concrete (Labora- 
tory Method Using Simple Beam with Third Point Load- 
ing) (G78-39). 

’ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


order that the sample may be uniform 
throughout the tests. It shall be passed 
through a No. 16 (1190-micron) sieve 
and all lumps rejected. 

(c) Aggregates . — Aggregates for each 
batch of concrete shall be of the desired 
gradation. In general, coarse aggregates 
shah be separated into two or more size 
fractions, depending upon the maximum 
size of aggregate used, and recombined 
for each batch in such a manner as to pro- 
duce the desired gradation. Fine aggre- 
gates shall be separated into different 
sizes if unusual gradations are being 
studied. Aggregates shall be treated 
before use to insure a definite and uni- 
form condition of moisture by one of the 
three following procedures: 

(7) They shall be brought to a satu- 
rated, surface-dry condition. 

(2) They shall be brought to a satu- 
rated condition with surface moisture in 
sufficiently small amounts to preclude 
loss by draining and shall be so main- 
tained until used. When using this 
method the amounts of surface moisture 
on the coarse and fine aggregates shall 
be determined prior to making concrete 
specimens. 
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(3) The aggregates in a saturated 
condition shall be immersed in water and 
shall be weighed under water. The re- 
quired immersed weight may be calcu- 
cated as follows: 

G 

where; 

Wa — desired weight in air of the aggre- 
gate in a saturated condition, 
G = bulk specific gravity of the aggre- 
gate in a saturated condition, 
and 

Ww = weight in water. 

Upon removal of the aggregate from the 
water, an additional weighing in air of 
aggregate and surface water will be 
necessary to determine the amount of 
surface water in the aggregate. 

Weighing Materials 

3. All materials shall be weighed on 
scales meeting the requirements for sensi- 
bility reciprocal and tolerances pre- 
scribed by the National Bureau of Stand- 
ards.® Noncompensating spring scales 
shall not be used. Where the scales are 
graduated in decimals of a pound instead 
of ounces, or where the metric system is 
used, the equivalent percentage sensi- 
bility reciprocal and tolerances shall 
apply. 

Note. — T he user is cautioned against making 
small weighings on large capacity scales. 

Mixing Concrete 

4, (a) General . — Concrete shall be 
mixed either by hand or in a suitable 

The sensibility reciprocal is a measure of the sensi- 
tiveness of a balance, and is the weight required to move 
the position of the pjointer one division. For a compiete 
definition of sensibility reciprocal, see “Specifications, 
Tolerances, and Regulations for Conunercial Weighing 
and Measuring Devices,” Handbook HZ9, Nat. Bureau 
Standards, September, 1942, pp. 87 and 88. ^ 

= “Specifications, Tolerances and Regulations for Com- 
mercial Weighing and Measuring Devices,” Handbook 
E29, Nat. Bureau Standards, Section 1-2, p. 122 and Sec- 
tion J-2, p. 130. 


laboratory mixer in batches of such size 
as to leave about 10 per cent excess after 
molding test specimens. 

(b) Hand Mixing . — The batch shall 
be mixed in a watertight, clean, damp, 
metal pan, with either a blunted brick- 
layer’s trowel or a shovel, whichever 
is more convenient, using the following 
procedure: 

(1) The cement and fine aggregate 
shall be mixed until they are thoroughly 
blended. 

(2) The coarse aggregate shall be 
added and the entire batch mixed until 
the coarse aggregate is uniformly dis- 
tributed throughout the batch. 

(5) Water shall be added and the mass 
mixed until the concrete is homogeneous 
in appearance and has the desired con- 
sistency. If prolonged mixing is re- 
quired, because of the addition of water 
in increments while adjusting the slump, 
the batch shall be discarded and a new 
batch made without interrupting the 
mixing to make trial slump tests. 

(c) Machine Mixing . — ^The procedure 
specified for hand mixing shall be fol- 
lowed unless a different procedure is 
better adapted to the mixer being used. 
If necessary to eliminate segregation, 
machine-mixed concrete shall be de- 
posited in a watertight, clean, damp, 
metal pan and remixed by shovel or 
trowel. 

Consistency and Yield of Concrete 

5. (a) Consistency . — The consistency 
of each batch of concrete shall be meas- 
ured immediately after mixing, by one 
or both of the following methods of the 
American Society for Testing Materials; 
{!) Slump Test. Standard Method 

of Slump Test for Consistency of Port- 

land-Cement Concrete (A.S.T.M. 

Designation: C 143).® 

{2) Flow Test. Standard Method 

of Test for Flow of Portland-Cement 


1346 Making Concrete Specimens in Laboratory (C 192- 44 T) 


Concrete by Use of the Flow Table 
(A.S.T.M. Designation: C 124).^ 

(6) Yield . — The yield of each batch of 
concrete shall be determined by the 
Standard Method of Test for Weight per 
Cubic Foot, Yield, and Air Content 
(Gravimetric) of Concrete (A.S.T.M. 
Designation: C 138).® 

(c) All concrete used for consistency or 
yield tests shall be returned to the mixing 
pan and the entire batch remixed just 
enough to produce a homogeneous mass. 

Number of Specimens 

6. Three or more test specimens for 
each variable shall be made for each 
period or condition of test. Specimens 
involving any given variable in the mix 
shall be made from at least three separate 
batches. An equal number of specimens 
for each variable shall be made on any 
given day. When it is impossible to 
make at least one specimen for each 
variable in the mix on a given day, the 
mixing of the entire series of specimens 
shall be completed in as few days as 
possible and one of the mixes shall be 
repeated each day as a standard of 
comparison. 

Note. — Test periods of 7 and 28 days are 
recommended for compression tests. Flexure 
specimens are frequently tested at 14 and 28 
days. For longer test periods, 3 months and 
1 yr. are recommended. 

Compression Test Specimens 
Size of Specimens 

7. Compression test specimens shall 
be cylindrical with a length equal to twice 
the diameter. Standard cylindrical 
specimens shall be 6 in. in diameter by 
12 in. in length if the coarse aggregate 
does not exceed 2 in. in nominal size. 
Smaller test specimens shall have a ratio 
of diameter of specimen to maximum size 
aggregate of not less than 3 to 1, except 


that the diameter of the specimen shall 
not be less than 3 in. for mixtures con- 
taining aggregate more than 5 per cent of 
which is retained on a No. 4 (4760- 
micron) sieve. For concrete containing 
aggregates larger than 2 in. nominal size, 
cylindrical specimens shall have a diam- 
eter at least three times the maximum 
nominal size of aggregate. The oversize 
of any nominal size aggregate used shall 
not exceed the requirements prescribed 
in the Standard Specihcations for Con- 
crete Aggregates (A.S.T.M. Designa- 
tion: C33).® 

Molds 

8. Molds for compression test speci- 
mens shall be of metal and shall be pro- 
vided with a machined metal base plate. 
Means shall be provided for securing the 
base plate to the mold. The assembled 
mold and base plate shall be watertight 
and shall be oiled with mineral oil before 
use. 

Note.— -Satisfactory molds may be made 
from cold drawn, seamless steel tubing or from 
steel pipe machined on the inside. These tubu- 
lar sections shall be cut to the proper length, 
split along one element and fitted wdth a circum- 
ferential metal band and bolt for closing:. 
Satisfactory molds may also be made from iron 
or steel castings. In general, molds made from 
formed sheet metal are not satisfactory. 

Molding Specimens 

9. The test specimens shall be formed 
by placing the concrete in the mold in 
three layers of approximately equal 
volume. In placing each scoopful of 
concrete, the scoop shall be moved 
around the top edge of the mold as the 
concrete slides from it hi order to insure 
a symmetrical distribution of the con- 
crete within the mold. The concrete 
shall be further distributed by a circular 
motion of the tamping rod. Each layer 
shall be rodded with 25 strokes of a 
tamping rod, f-in. in diameter and 
approximately 24 in. in length, bullet- 
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shaped at the lower end. The strokes 
shall be distributed uniformly over the 
cross-section of the mold and shall 
penetrate into the underlying layer. 
The bottom layer shall be rodded 
throughout its depth. After the top 
layer has been rodded, the surface of the 
concrete shall be struck off with a trowel 
and covered with a glass or metal plate 
to prevent evaporation. 

Capping Specimens 

10. (a) The test specimens may be 
capped with a thin layer of stiff, neat- 
cement paste after the concrete has 
ceased settling in the molds, generally 
from 2 to 4 hr. or more after molding. 
The cap shall be formed by means of 
: plate glass not less than | in. in thickness 

I or a machined metal plate not less than 

I I in. in thickness and having a minimum 

surface dimension at least 1 in. larger 
than the diameter of the mold. It shall 
[ be worked on the cement paste until its 
I lower surface rests on top of the mold. 

I The cement for capping shall be mixed to 
I a stiff paste 2 to 4 hr. before it is to be 
used in order to avoid the tendency of 
the cap to shrink. Adhesion of the con- 
crete to the top and bottom plates may 
be avoided by coating them with oil or 
grease, 

(b) Specimens not capped with neat- 
cement paste as described in Paragraph 
{a) shall be ground or capped before 
testing. In all cases the capped or 
ground surface shall not depart from a 
plane by more than 0.001 in. and shall be 
at right angles to the axis of the speci- 
men. Caps shall be made as thin as 
practicable and shall not flow or fracture 
when the specimen is tested. 

I Note. — Neat portland or alumina cement 

and suitable mixtures of sulfur with granular 
materials are recognized as suitable for capping 
I hardened concrete specimens. Sulfur caps 
should be allowed to harden for at least 1 hr. 
before applying load; cement caps for a suf- 
ficient period to comply with the requirements 
prescribed in Paragraph (b). 
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Curing Specimens 

11. The test specimens shall be re- 
moved from the molds not earlier than 
20 hr. nor later than 48 hr. after molding 
and stored in a moist condition (Note 1) 
at a temperature within the range of 65 
to 75 F. (18 to 24 C.) (Note 2) until the 
time of test. Specimens shall not be 
exposed to a stream of running water. 
If storage in water is desired, a saturated 
lime solution shall be used. 

Note 1. — Moist condition is that in which 
free water is maintained on the surfaces of the 
specimens at all times. 

Note 2. — ^Attention is directed to the fact 
that the temperature within damp sand and 
under wet burlap or similar materials will 
always be lower than the temperature in the 
surrounding atmosphere if evaporation takes 
place. 

Flexure Test Specimens 
Size of Specimens 

12. The cross-section of the flexure 
test specimen shall be 6 by 6 in. if the 
coarse aggregate does not exceed 2 in. in 
nominal size. For larger coarse aggre- 
gate, the minimum cross-sectional di- 
mension shall be not less than three times 
the maximum nominal size of the coarse 
aggregate. The oversize of any nominal 
size used shall not exceed the require- 
ments prescribed in the Standard Speci- 
fications for Concrete Aggregate 
(A.S.T.M. Designation: C33).® 

Molds 

13. Molds for flexure test specimens 
shall be rigid and nonabsorptive and 
shall be at least 3 in. longer than the 
required span length as prescribed in 
Section 3 of the Standard Method of 
Test for Flexural Strength of Concrete 
(Using Simple Beam with Third-Point 
Loading) (A.S.T.M. Designation; C 78).''* 
Means shall be provided for securing the 
base plate to the mold. The assembled 
mold and base plate shall be watertight 
and shall be lightly oiled with a mineral 
oil before use. 
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Molding Specimens 

14. The test specimen shall be formed 
with its long axis horizontal. The con- 
crete shall be placed in layers approxi- 
mately 3 in. in depth and each layer 
shall be rodded 50 times for each square 
foot of area. The top layer shall slightly 
overfill the mold. After each layer is 
rodded, the concrete shall be spaded 
along the sides and ends with a mason’s 
trowel or other suitable tool. When the 
rodding and spading operations are com- 
pleted, the top shall be struck off with a 


straightedge and finished with a wood 
float. The test specimen shall be made 
promptly and without interruption and 
covered with a double layer of wet bur- 
lap, which shall be kept wet until the 
specimen is removed from the mold. 
While in the molds, the specimens sha ll 
be kept within the temperature range 
specified in Section 2. (a). 

Curing Specimens 

15. Flexure test specimens shall be 
cured as prescribed in Section 11. 


Tentative Specifications for 
WATERPROOF PAPER FOR CURING CONCRETE ^ 



A.S.T.M. Designation : C 171 - 42 T 
Issued, 1942.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover water- 
proof paper intended for use as a curing 
material for portland cement concrete. 

General Requirements 

2. Waterproof paper shall consist of 
two sheets of plain kraft paper cemented 
together with a bituminous material 
in which are embedded cords or strands 
of fiber running in both directions of the 
paper, not more than 1| in. apart. The 
paper shall be light in color, shall be 
free of visible defects, and shall have a 
uniform appearance. It shall be suffi- 
ciently strong and tough to permit its 
use under the conditions existing on 
highway and structural work without 
tearing or otherwise becoming unfit for 
the use for which it is intended. 

Impermeability 

3. Mortar specimens, when covered 
with the paper to be tested and tested in 
accordance with the Tentative Method 
of Test for Water Retention Efficiency of 

' Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-9 on Concrete and Concrete 



Methods for Curing Concrete (A.S.T.M. 
Designation: C 156) of the American 
Society for Testing Materials,^ shall not 
show a moisture loss greater than 10 per 
cent of the original mixing water used. 
In the test the paper shall be placed 
on the mortar specimen immediately 
after molding and shall remain in place 
for three days. 

Tensile Strength 

4. The paper shall conform to the 
following requirements as to tensile 
strength: 

Machine Cross 
Direction Direction. 

Tensile strength, fdry SO 30 

lb. per in. of width \wet 20 10 

Tetisile Strength Test 
Apparatus 

5, The testing machine shall consist 
of the following : 

(a) Clamp . — ^Two clamps whose 
centers shall be in the same plane 
parallel with the direction of motion of 
the stressing clamp and so aligned that 
they will hold the test specimen in one 
plane. 

9 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


1349 


1350 SPEcmcATioNS eor Waterproof Paper for Coring Concrete (C 171-42 T) 


(b) Fendtilum. — A pendulum so at- 
tached to one clamp as to accurately 
balance the load applied to the test 
specimen. 

(c) Scale . — A device attached to the 
pendulum to indicate on a graduated 
scale the breaking load of the test speci- 
men, The scale shall be graduated in 
weight units which may be read to an 
accuracy of not less than 0.2 per cent 
of the total reading. 

(d) Loading Device , — means of 
moving the stressing clamp at a uniform 
rate. The capacity of the machine 
shall be such that the tensile strength 
of the paper to be tested will be not 
greater than 90 per cent nor less than 
10 per cent of the capacity of the ma- 
chine. The machine shall preferably 
be power driven. 

Calibration of Apparatus 

6. The testing machine shall be accu- 
rately leveled in both of the principal 
directions. The stressing clamp shall 
be displaced or removed and accurate 
weights corresponding to various divi- 
sions of the scale markings shall be 
suspended from the pendulum actuating 
clamp. The weights shall be held at 
the start and released slowly so that the 
pendulum is actuated at a rate similar 
to that specified in Section 9 {h), and 
other conditions shall be as nearly as 
possible the same as when a specimen is 
being tested. A record shall be made of 
deviations from the scale readings and 
corresponding corrections shall be made 
in the test results. The machine shall 
be calibrated at intervals of not more 
than 30 days. 

Test Specimens 

7. Specimens for test shall be cut 
accurately, and not less than ten from 
each principal direction of the paper 


shall be so selected as to be representa- 
tive of the sample. The specimens 
shall be cut exactly 2 in. in width and 
the edges shall be clean-cut and parallel. 

Conditioning 

8. {a) Specimens to be tested dry 
shall be preconditioned in air main- 
tained at a temperature between 70 and 
75 F. and at a relative humidity of 50' 
per cent, for a period of 12 hr. prior to 
testing. 

(&) Specimens to be tested wet shall 
be immersed in water having a tempera- 
ture between 70 and 75 F., for a period 
of 1 hr. immediately prior to testing. 

Procedure 

9. {a) All tensile strength tests shall 
be made in an atmosphere maintained 
at a temperature of 70 to 75 F. and at a 
relative humidity of 50 per cent. 

{h) The distance between the jaws 
of the testing machine at the beginning 
of the test shall be 7 in. The test speci- 
men shall be firmly clamped squarely 
in the jaws of the clamps and the stress- 
ing jaw then operated at a speed of 
12 =h 2 in. per min. until the specimen 
breaks. The breaking load shall be 
recorded to the nearest 2 per cent of the 
total indicated reading. Not less than 
ten specimens cut in each principal direc- 
tion of the paper shall be tested. All 
readings obtained when the paper breaks 
at or in the jaws shall be rejected. 

Report 

10. The tensile strength results in 
pounds per inch of width shall be re- 
ported to the nearest 2 per cent of the 
total reading. The average, maximum, 
and minimum tensile strengths for each 
of the principal directions of the paper 
shall be reported. 



Tentative Method of Test for 

WATER RETENTION EFFICIENCY OF METHODS FOR 
CURING CONCRETE* 



A.S.T.M. Designation: C 156 - 44 T 
Issued, 1940; Revised, 1944.3 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1, This method is intended for labo- 
ratory use in determining the efficiency of 
methods used for curing concrete, as 
measured by their ability to prevent 
moisture loss during the early hardening 
period. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Molds . — Molds shall be made of 
metal, glass, hard rubber, or a plastic 
material and shall be watertight. They 
shall be rigidly constructed to prevent 
distortion and shall be thoroughly 
cleaned before each use. The molds 
shall be 6 by 12 in. at the top, 5f by Ilf 
in. at the bottom, and 2| in. in depth, 
measured on the inside. 

(&) Curing Cabinet . — cabinet for 
curing the specimens at a temperature 
of 100 ± 2 F. and a relative humidity of 
32 ± 2 per cent. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee C-9 on Concrete and Concrete Aggregates. 

2 Revision accepted by the Society at annual meeting, 
June, 1944. 


Test Specimens 

3. Test specimens shall be approxi- 
mately 6 in. in width by 12 in. in length 
by 2 in. in depth. 

Control Specimens 

4. For each series of test runs, a series 
of specimens made and tested in accord- 
ance with this method' shall be run con- 
currently with the regular test specimens 
(Section 3), except that no curing agent 
shaU be applied to the exposed surface. 

Proportioning and Mixing Mortar 

5. (a) Proportioning . — Mortar for the 
specimens shall be of plastic consistency. 
The proportions of cement (Note 1) and 
sand shall be determined by adding dry 
sand (Note 2) to a cement paste having a 
water-cement ratio of 0.40 by weight, to 
produce a flow of 50 ± 5. The flow test 
shall be made on the 10-in. flow table, 
using ten |-in. drops in 10 sec. (Note 3). 

Note 1. — ^Portland cement shall conform 
to the Standard Specifications for Portland 
Cement (A.S.T.M, Designation: C ISO).^ Type 
I Portland cement without an air-entraining 
agent shall be used. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Note 2. — The sand for maldng test specimens 
shall he natural silica sand from Ottawa, 111,, 
graded as follows: 


Sieve Size 

No. 100 (149-micron) . 
No. 50 (297-micron) . 
No. 30 (590-micron) , 
No. 16 (1190-micron) 


Percentage 

Retained 

98 ± 2 
72 =h S 
2 ± 2 
None 


Note 3. — The flow test shall be made as 
described in the Standard Method of Test for 
Structural Strength of Fine Aggregate Using 
Constant Water-Cement-Ratio Mortar (A.S, 
T.M. Designation: C87)3 except that the mold 
shall be filled in two equal layers and each layer 
puddled 25 times with the gloved finger; 


(b) Mixing . — ^The mortar shall be 
mixed preferably^ at rooiii temperature of 
70 ± 5 F, and at,a,r,dlatiyp humidity of 
40 to 60 per qent. ■ The temperature of 
the mortar at the time of molding shall 
be 70 ± 2 F. Cement and. water in 
quantities which will _ give a . water- 
cpment ratio of 0.40 ^y weight shall be 
placed ill a nonabsorbent vessel and the 
cement permitted to absorb water for 
1 min. These materials. shall then be 


.ntixed with a spoon into, a smooth paste. 
Sand, from a sample , of known weight 
shah be added paste ’^11^11 the 

mortar has thp. desired consistency. 
Final mixing shall be a^poniplishied by 
continuous kneading and, ^quepzing.with 
the hands for 2 min. Rubber gloves 
shall be worn during the mixing 
operation. 


Molding Specimens ...... 

' 6. A layer of mortar shall be placed in 
a weighed mold to a depth of approxi- 
hiately 1 in, and puddled' with the gloved 
fingers until uniformly 'distributed. A 
second 1-in. layer- -of mortar shall then 
be placed in the mold and puddled in a 
similar manner. Immediately after pud- 
dling the second layer, the surface of the 
specimen shall be screeded' with a wood 
template cut to strike off | in. ^elow thd 
top of the mold . The screed or template 
shall have a flat'screeding surface 1 in.; in 


width by approximately 5 in. in length. 
One pass only shall be made in the direc- 
tion of the long axis of the specimen, 
using a sawing motion of the screed. 

Number of Specimens 

7. A set of three or more test speci- 
mens shall be made in order to constitute 
a test of a given curing method. A con- 
trol specimen shall be made for each regu- 
lar test specimen except where two or 
more curing methods are being investi- 
gated concurrently in the same cabinet, 
in which case only one set of three or 
more control specimens need be made. 

Storage of Specimens 

8. (a) Immediately after molding, the 
mold and the specimen shall be weighed 
to the nearest gram and placed in the 
curing cabinet in which the atmosphere 
shall be maintained at a temperature of 
100 ± 2 F. and a relative humidity of 
32 d= 2 per cent. The specimen shall be 
level and not subjected to vibration. 
Spacing between the' individual speci- 
mens and between the specimens and the 
side walls of the cabinet shall be so ar- 
ranged as to provide a clear space on all 
sides of from 2 to 7 in. . Within these 
limits the spacing shall be the same for 
all specimens in the cabinet. In order 
to provide for uniforni air distribution, 
dummy molds shall be used to fill the 
shelf of the cabinet when it is not filled 
with test specimens. 

(6) Air shall be circulated below the 
specimens in a . horizontal plane at a 
velocity of 6 db 2 miles per hr. The main 
movement of conditioned air within the 
cabinet shall be in a vertical plane. This 
shall be accomplished by exhausting air 
from the top of the cabinet and admit- 
ting conditioned air below the specimens. 
Sufficient space shall be provided in the 
cabinet above the test specimens so that 
the -moving air will not be deflected in 
such manner as to pass over the speci- 
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mens in a horizontal plane. Air shall 
not be blown directly across the top of 
the specimens. In cases where the 
curing materials under test contain 
volatile solvents, means shall be provided 
for introducing fresh air in such quanti- 
ties that a complete change of air within 
the cabinet is accomplished at least twice 
during the first 12 hn and at least once 
every 24 hr. thereafter for the duration of 
the test. .All specimens. shall be stored 
on the same shelf, or on a series, of 
shelves, provided the conditions of,, air 
circulation for each shelf are obtained 
independently of any other shelf.,,,,. 

Application of Curing Materials 

9. (a) The specimen shall be removed 
from the cabinet when the surface, water 
has disappeared and it is possible to 
lightly brush the surface without smear- 
ing or drawing more water to the surface. 
Immediately upon removal from the cur- 
ing cabinet, the specimen shall be 
weighed and the edges sealed by means of 
a suitable sealing compound that will not 
be affected by the curing material under 
test.^ The sealing compound shall effec- 
tively seal against moisture loss between 
the boundary of the specimen and mold, 
and shall not extend more than | iii. 
onto the surface of the specimen, 

(b) After sealing, the mortar surface 
shall be lightly brushed in parallel strokes 
with a stiff bristle brush to break up 
laitance and remove air bubbles. An- 
other weight determination shall then be 
made. 

(c) The curing material shall then be 
uniformly applied to the surface of the 
specimen at the rate of coverage speci- 
fied for that method of curing. It is 
advisable to apply curing agents to only 
one specimen at a time in an atmosphere 

* A mixture consisting of four parts Bexin resin and 
one part Vinsol resin by weight has been found satis- 
factory for this purpose. The mixture shall be heated to 
a fluid consistency and thoroughly mixed prior to use. 
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of controlled temperature and humidity 
as prescribed in Section 5 (^). Liquids 
shall be sprayed on. The proper cover- 
age s^ll be determined by weighing the 
spray gun before and after application 
to p.i 'g. 

(d) Paper, blankte or burlap shall 
receive .ah additional sealing where they 
come in contact with the mold in order to 
prevent moisture loss except through the 
curing medium. In , cases where a 
blanket having a thickness greater than 
j in. is used, the exposed edges, where 
they project above' tke mold, shall also 
be sealed.' Liquid 'curing materials or 
granular curing materials be applied 
uhifofrrilyh 

(e) Blankets of ’burlap intended for 
field use in a continuously wet condition 
shall be kept wet during the entire 
period of test. Similar materials in- 
tended for field use with but one initial 
wetting shall be applied in a wet condi- 
tion buf shall not be subsequently wetted 
diifjhg the period of . test. 

(f) Where the method under investi- 
gation involves the use of a combination 
of curing agents, such , as the use of a 
membrane or paper’ following a prelimi- 
nary, wet curing, the' time of application 
of tiie ’ final curing agent shall be in 
accordance with the governing specifi- 
cations. 

(g) After each treatment or stage of 
treatment the specimens shall be 
weighed. Additional weighings shall be 
made 3 hr. after application and daily for 
the duration of the test. The weights at 
3 hr. will give an indication of any un- 
usual loss caused by a leaking mold or 
faulty seal. The specimens shall be re- 
turned to the curing cabinet without 
delay. 

Duration, of Test 

10. The test shall extend over a period 
of 3 days. 


i 

j 
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Corrections for Loss in Weight of Liquid 

Curing Materials During Test 

11. The loss in weight of volatile mat- 
ter from a liquid curing material shall be 
determined by coating a metal pari or 
jPlate (with edges raised | in.) of an area 
equal to the top of test specimen with 
the same quantity of curing material as 
used on the specimen. The paii bi plate 
shall be placed in the curing cabinet with 
the liquid-cured specimen and weighed 
each time the specimen is weighed. If 
the pans or plates reach constant weight; 
no further weighings are necessary. The 
loss in weight of the liquid curing mate- 
rial shall be applied as a correction before 
calculating the moisture loss. 

Calculation of Loss in Weight 

12. At the end of the 3-day curing 
period the mold and specimen shall be 
weighed and the loss in weight, based on 
the weight of the specimen immediately 
after molding, shall be calculated. This 
loss shall be corrected by applying a cor- 
rection for the volatile matter lost from 
the curing material as determined iii 
Section 11, and by the weight of the 
sealing compound and curing material 
added. 


Calculation of Percentage Loss of 

Moisture 

13. From the proportionate parts of 
materials going into the mix, the weight 
of water in the specimen at the time of 
molding shall be calculated. The per- 
centage loss of moisture shall be deter- 
mined by dividing the loss in weight as 
determined in Section 12 by the weight 
of water in the specimen at the time of 
molding as determined above and multi- 
plying by 100, The percentage loss of 
moisture shall be calculated for both the 
test specimens and the control specimens. 
Specimens varying in moisture loss by 
more than 3 per cent from the average of 
all specimens constituting a test, shall be 
discarded when calculating the average 
moisture loss. 


Calculation of Efficiency Index 

14. The efficiency index shall be calcu- 
lated as follows: 


E = 


W - Wi 
W 


X 100 


where: 

E — efficiency index, 

W — average percentage loss of moisture by 
control specimens, and 

Wi — average percentage loss of moisture by 
test specimens. 



Tentative Specifications for 

STANDARD ^SIZES OF COARSE AGGREGATE FOR HIGHWAY 
CONSTRUCTION^ 



A.S.T.M. Designation: D 448 - 42 T 
Issued, 1937; Revised, 1941, 1942,2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover standard 
size designations and maximum per- 
missible ranges in mechanical analyses 
for standard sizes of coarse aggregate 
and screenings for use in the construc- 
tion or maintenance of various types of 
highways and highway structures. 

Manufacture 

2. The standard sizes of coarse aggre- 
gate prescribed in these specifications 
may be manufactured by means of any 

1 Under the standardization procedure of the Society, 
these specification^ are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

* Revision accepted by Committee E-10 on Standards, 
August 24, 1942. 


suitable commercial process and by the 
use of any sizes or shapes of plant screen 
openings necessary to produce the desig- 
nated sizes within the limits of the me- 
chanical analyses specified in Section 3. 

Standard Sizes 

3. Standard sizes of coarse aggregate 
shall comply with the sizes given in 
Table I. All sizes shall be determined 
by means of laboratory sieves having 
square openings and conforming to the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: Ell) of the American Society for 
Testing Materials.® 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Tentative Specifications for 
MATERIALS FOR STABILIZED BASE COURSE^ 



A.S.T.M. Designation: D 556 - 40 T 
Issued, 1940.2 

This Tentative Standard of the Ainerican Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St,, Philadelphia 2,- Pa. 


Scope 

1. {a) These specifications cover the 
quality and size of sand-clay mixtures, 
gravel, stone or slag screenings, sand, 
crusher-run coarse aggregate consisting 
of gravel, crushed stone, or slag com- 
bined with soil mortar, or any combina- 
tion of these materials for use in the 
construction of a stabilized base course. 
The requirements are intended to cover 
only materials having normal or average 
specific gravity, absorption, and grada- 
tion characteristics. When materials 
such as caliche, gypsum, limerock, and 
water-soluble salts are to be used, ap- 
propriate limits suitable to their use 
must be specified. 

(5) The following types of base course 
stabilized mixtures are covered: 

Type A. — Sand-clay mortar. 

Type B . — Graded coarse aggregate. 

Type C. — Gravel, stone or slag screen- 
ings, or sand. 

General Requirements 

2. (a) Type A . — Type A material 
shall consist of natural or artificial 

1 Under the. standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A. S. T. M. Committee D-4 on Road and Paving Materials. 

2 Accepted by the Society at annual meeting, June, 
1940. Editorially revised in 1942. 


mixtures of clay or soil binder with 
gravel, sand, or other aggregate so pro- 
portioned as to conform to the require- 
ments prescribed in these specifications. 
The aggregate retained on the No. 10 
(2000-micfon) sieve shall consist of hard, 
durable particles and shall be free from 
injurious or deleterious substances. 

{h) Type B. — Type B material shall 
consist of natural or artificial mixtures 
of gravel, stone, or slalg and soil mortar 
so proportioned as to conform to the 
requirements prescribed in these speci- 
fications; The coarse aggregate shall 
consist of; dean,; hard, durable particles 
of crushed or uncrushed gravel, stone, 
or slag free frdih soft, thin, elongated, 
or laminated pieces, and from roots and 
other vegetable matter, or other dele- 
terious substances. It shall be hard and 
durable enough to resist weathering, 
traffic abrasion, and crushing. Shale 
and similar materials that break up and 
weather rapidly when alternately frozen 
and thawed or. wetted.. and dried should 
not be used. The soil mortar shall be 
that portion passing the No. 10 (2000- 
micron) sieve and" shall consist of soil 
brndeir and granular material sudi as 
stone or slag screenings or sand. 

(c) Type C.— Type C material shall 
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consist of gravel, stone or slag screen- 
ings, or sand, or mixtures thereof so 
proportioned as to conform to the re- 
quirements prescribed in these speci- 
fications. The material shall consist of 
hard, durable particles, free from in- 
jurious or deleterious substances, uni- 
formly graded from coarse to fine. 


Sieve Analysis 

3. The material shall conform to the 
following requirements: 

Tvpe a 

Percentage 

Sieve Passing 

1-in 100 

No. 10 (2000-micron) 65 to 100 

The material passing the No. 10 sieve shall 
conform to the following requirements: 

Percentage 

Sieve Passing 

No. 10 C2000-micron) 100 

No. 20 (840-micron) 55 to 90 

No. 40 (420-micron) 35 to 70 

No. 200 (74-micron) 8 to 25“ 


Type B 


l-in.max. size 2-in.maK. size 


2-m 


100 

iHn 


70 to 100 

l-in 

100 

55 to 

85 

i-in 

70 to 100 

50 to 

80 

f-in 

50 to 80 

40 to 

70 

No. 4 (4760- 
micron) — 

35 to 65 

30 to 

60 

No. 10 (2000- 
micron) — 

25 to 50 

20 to 

50 

No. 40 (420- 
micron) — 

15 to 30 

10 to 

30 

No. 200 (74- 
micron) — 

5 to 15“ 

5 to 

15“ 


Percentage 


Sieve Passing 

l-in 100 

No. 4 (4760-micron) 70 to 100 

No. 10 (2000-micron) 35 to 80 

No. 40 (420-micron) 25 to SO 

No. 200 (74-micron) 8 to 25“ 


“ The percentage passing the No. 200 sieve shall be 
not more than one-half of that passing the No. 40 sieve. 


Liquid Limit 

4. The material passing the No. 40 
(420-micron) sieve shall have a liquid 
limit not exceeding 25. 


Plasticity Index 

5. The material passing the No. 40 
(420-micron) sieve shall have a plasticity 
index of not more than 6 for types A 
and B, and of not more than 3 for type C. 

Moisture Content 

6. Materials of types A, B, and C 
shall contain sufficient moisture to 
insure maximum compaction. 

Admixtures 

7. Chemicals or other admixtures 
shall conform to the specifications of the 
American Society for Testing Materials 
that are applicable. When the chemi- 
cal to be used is not covered by A. S. 
T. M. specifications, a good commercial 
grade meeting the approval of the 
engineer shall be used. 

Methods of Testing 

8. The material shall be sampled and 
the properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing 
Materials: 

(а) Sampling , — ^Tentative Methods 
of Sampling Stone, Slag, Gravel, Sand, 
and Stone Block for Use as Highway 
Materials (A. S. T. M. Designation: 
D 75).3 

(б) Sieve Analysis . — Standard Meth- 
od of Test for Sieve Analysis of Fine and 
Coarse Aggregates (A. S. T. M. Desig- 
nation: C 136).® 

{c) Liquid Limit . — Standard Method 
of Test for Liquid Limit of Soils (A. S. 
T. M. Designation: D 423).® 

{d) Plasticity Index . — Standard 
Method of Test for Plastic Limit and 
Plasticity Index of Soils (A. S. T. M. 
Designation: D 424).® 


s Appears in this publication, see Contents in Numeric 
Sequence of- A.S.T.M. Designations at front of book. 



Tentative Specifications for 
MATERIALS FOR STABILIZED SURFACE COURSE' 

# 

A.S.T.M. Designation: D 557 - 40 T 
Issued, 1940.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. {a) These specifications cover the 
quality and size of sand-clay mixtures, 
gravel, stone or slag screenings, sand, 
crusher-run coarse aggregate consisting 
of gravel, crushed stone, or slag com- 
bined with soil mortar, or any combina- 
tion of these materials for use in the 
construction of a stabilized surface 
course. The requirements are intended 
to cover only materials having normal or 
average specific gravity, absorption, and 
gradation characteristics. When ma- 
terials such as caliche, gypsum, limerock, 
and water-soluble salts are to be used, 
appropriate limits suitable to their use 
must be specified. 

(6) The following types of surface 
course stabilized mixtures are covered: 

Type A. — Sand-clay mortar. 

Type B . — Graded coarse aggregate. 

Type C.— Gravel, stone or slag screen- 
ings, or sand. 

General Requirements 

2. {a) Type A . — Type A material 
shall consist of natural or artificial 

I Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A. S. T. M. Committee D-4 on Road and Paving Materials. 

- Accepted by the Society at annual meeting, June, 
1940. Editorially revised in 1942. , 


mixtures of clay or soil binder with 
gravel, sand, or other aggregate so pro- 
portioned as to conform to the require- 
ments prescribed in these specifications, 
The aggregate retained on the No. 10 
(2000-micron) sieve shall consist of hard, 
durable particles and shall be free from 
injurious or deleterious substances. 

{h) Type B . — ^Type B material shall 
consist of natural or artificial mixtures 
of gravel, stone, or slag with soil mortar, 
so proportioned as to conform to the 
requirements prescribed in these speci- 
fications. The coarse aggregate shall 
consist of clean, hard, durable particles 
of crushed or uncrushed gravel, stone, or 
slag free from soft, thin, elongated, or 
laminated pieces, and from roots and 
other vegetable matter, or other dele- 
terious substances. It shah, be hard and 
durable enough to resist weathering, 
traffic abrasion, and cnishing. Shale 
and similar materials that break up and 
weather rapidly when alternately frozen 
and thawed or wetted and dried shall 
not be used. The soil mortar shall be 
that portion passing the No. 10 (2000- 
micron) sieve and shall consist of soil 
binder and granular material such as 
stone or slag screenings or sand. 

(e) Type C . — ^Type C material shall 
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consist of gravel, stone or slag screen- 
ings, or sand, or mixtures thereof so 
proportioned as to conform to the 
requirements prescribed in these speci- 
fications. The material shall consist of 
hard, durable particles, free from in- 
jurious or deleterious substances, uni- 
formly graded from coarse to fine. 

Sieve Analysis 

3. The material shall conform to the 
following requirements : 

Type A 


Percentage 

Sieve Passing 

l-in. too 

No. 10 (2000-micron) 65 to 100 

The material passing the No. 10 sieve s 
conform to the following requirements: 

Percentage 

Sieve Passing 

No. 10 (2000-micron) 100 

No. 20 (840-micron) 55 to 90 

No. 40 (420-micron) 35 to 70 

No. 200 (74-micron) 8 to 25“ 

Type B 

Percentage 

Sieve Passing 

l-in 100 

l-in 85 to 100 

l-in.. 65 to 100 

No. 4 (4760-micron) 55 to 85 

No, 10 (2000-micron) .... 40 to 70 

No. 40 (420-micron) 25 to 45 

No, 200 (74'micron) 10 to 25“ 

Type C 

Percentage 

Sieve Passing 

l-in...,. 100 

No. 4 (4760-micron) 70 to 100 

No. 10 (2000-micron) 35 to 80 

No. 40 (420-micron) 25 to 50 

No, 200 (74-microa) 8 to 25“ 


“ The percentage passing the No. 200 sieve shall be not 
more than two-thirds of that passing the No. 40 sieve. 

Liquid Limit 

4. The material passing the No. 40 
(420-micron) sieve shall have a liquid , 
limit not exceeding 35. 


Plasticity Index 

5. The material passing the No. 40 
(420-micron) sieve shall have a plasticity 
index of not less than 4 nor more than 9. 

Moisture Content 

6. Materials of types A, B, and C shall 
contain sufficient moisture to insure 
maximum compaction. 

Admixtures 

7. Chemicals or other admixtures 
shall conform to the specifications of the 
American Society for Testing Materials 
that are applicable. When the chemical 
to be used is not covered by A. S. T. M. 
specifications, a good commercial grade 
meeting the approval of the engineer 
shall be used. 

Methods of Testing 

8. The material shall be sampled and 
the properties enumerated in these speci- 
fications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing 
Materials: 

(a) Sampling . — Tentative Methods of 
Sampling Stone, Slag, Gravel, Sand, and 
Stone Block for Use as Highway Ma- 
terials (A. S. T. M. Designation: 
D 75).® 

(5) Sieoe Analysis . — Standard Method 
of Test for Sieve Analysis of Fine and 
Coarse Aggregates (A. S. T. M. Desig- 
nation: C 136).® 

(c) Liquid LimfA— -Standard Method 
of Test for Liquid Limit of Soils (A. S. 
T, M. Designation: D 423).® 

{d) Plasticity hidex . — Standard Meth- 
od of Test for Plastic Limit and Plas- 
ticity Index of Soils (A. S. T. M. 
Designation: D 424).* 


» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 



'Tentative Specijications for 

CRUSHED STONE, CRUSHED SLAG, AND GRAVEL FOR 
BITUMINOUS CONCRETE BASE AND SURFACE 
COURSES OF PAVEMENTS* 



A.S.T.M. Designation: D 692 -42T 
Issued, 1942.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover the qual- 
ity and grading of crushed stone, crushed 
slag, and gravel suitable for use as coarse 
aggregate in the following types of 
bituminous concrete mixtures for base 
and surface courses of pavements: 

Open-mix bituminous concrete base 
course. 

Closed-mix bituminous concrete base 
course. 

Bituminous concrete binder course, 

Coarse-graded bituminous concrete 
surface course. 

Fine-graded bituminous concrete sur- 
face course (modified Topeka, or stone- 
filled sheet asphalt). 

Basis of Purchase 

2. In adapting these specifications to 
any particular locality or project, the 


I Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

* Accepted by Committee E-10 on Standards, August 
24, 1942. 

These specifications are in effect a revision and con- 
solidation of, and replace the former Standard Specifica- 
tions for Gravel for Bituminous Base (D 309 - 30) and the 
Tentative Specifications for Crushed Slag for Bituminous 
Concrete Base and Surface Courses (D 48S-38 T) and for 
Crushed Stone for Bituminous Concrete Base and Surface 
Courses (D 486 - 39 T), which specifications were accord- 
ingly discontinued in 1942. 


type or types of aggregate (crushed 
stone, crushed slag, or gravel) to be 
supplied shall be specified. 

General Characteristics 

3. (a) Crushed Stone . — ^The crushed 
stone shall consist of clean, tough, 
durable fragments free of an excess of 
thin or elongated pieces, and reasonably 
free of soft or disintegrated pieces, 
stone coated with dirt, or other ob- 
jectionable matter. 

(b) Crushed Slag . — ^The crushed slag 
shall be air-cooled blast-furnace slag and 
shall consist of fragments reasonably 
uniform in density and quality and 
reasonably free of thm or elongated 
pieces, dirt, or other objectionable 
matter. 

(c) Gravel . — The gravel shall consist 
of clean, tough, durable pieces free of an 
excess of thin or elongated pieces, and 
reasonably free of soft or disintegrated 
pieces, gravel coated with dirt, or other 
objectionable matter. The gravel shall 
be crushed and uncrushed, as specified in 
Section 5(6). Crushed gravel shall con- 
sist of fragments having two or more 
fractured surfaces. 
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Physical Properties 

4. (a) Wear . — Coarse aggregate shall 
conform to the following requirements 
for resistance to wear: 

Coarse Aggregate 
Coarse Aggregate for Use in 
for Use in Binder and 
Base Courses Surface Courses 

Wear, Los Angeles abra- 
sion machine, max., 
per cent 50 40 

(b) Unit Weight of Slag . — Crushed 
slag shall conform to the following 
requirements for unit weight, com- 
pacted: 

Crushed Slag 
Crushed Slag for Use in 
for Use in Binder and 
Base Courses Surface Courses 
Weight per cubic foot, 
compacted, min., lb.. . . 65 70 

Note. — The requirements for physical prop- 
erties of coarse aggregate incorporated in these 
specifications are recommended as the mini- 
mum requirements for quality. It is not ex- 
pected, however, that these limits for quality 
will be applicable to all localities and conditions. 

Sizes 


Note 1. — An appropriate size should be 
selected for each use, depending on local con- 
struction and service conditions. Sizes have 
been selected from the Tentative Specifications 
for Standard Sizes of Coarse Aggregate for 
Highway Construction (A.S.T.M. Designation; 
D 448) of the American Society for Testing 
Materials.® 

Note 2. — The size of aggregate for seal 
coat, when a seal coat is specified, should be 
adapted to the maximum size of coarse aggre- 
gate in the bituminous concrete surface mixture. 
The following combinations of sizes are 
recommended: 

Coarse Aggregate Seal-Coat 

Size Aggregate Size 

5 or 57 78 

67 8 

78 or 8 9 

Note 3. — When asphalt mixing plants are 
suitably equipped for control of aggregate 
gradings and proportions, other appropriate 
sizes may be selected from Table I of the 
Tentative Specifications for Standard Sizes 
of Coarse Aggregate for Highway Construction 
(A.S.T.M. Designation: D 448) of the American 
Society for Testing Materials.® The selected 
sizes should be such that when combined in 
suitable proportions, they will produce the 
required grading in the finished mixtures. 


5. (a) The sizes of coarse aggregate 
for the various uses shall conform to the 
following requirements (Notes 1 to 3): 


Size Number 

Open-mix bituminous concrete base j 

course < ^ 

[ 5“ 

Closed-mix bituminous concrete base ( 357 

course (467 

I 57 

Bituminous concrete binder course.. . I ^ 

Coarse-graded bituminous concrete f 5 

surface course ( 57 

I 67 

Fine-graded bituminous concrete /■ 70 
surface course .< g 

f 78 

Seal coat. 8 

_____ 19 

“ Size No. S aggregate for open-mix bitummous concrete 
base course shall be either crushed stone or crushed slag. 


(b) Crushed Pieces in Gravel . — Gravel 
shall conform to the following require- 
ments as to percentage of crushed pieces: 

Crushed Pieces, 
min., per cent 


Open-mix bituminous concrete base 

course 75 

Closed-mix bituminous concrete base 

course SO 

Bituminous concrete binder course . . 50 

Coarse-graded bituminous concrete 

surface course 50 

Fine-graded bituminous concrete sur- 
face course 0 

Seal coat 0 


Sieve Analysis 

6. The several sizes of coarse aggre- 
gate, when tested by means of laboratory 
sieves having square openings, shall 
conform to the requirements shown in 
Table I. 


3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Specifications for Aggregate 

Methods of Sampling and Testing 

7. The coarse aggregate shall be 
sampled and the properties enumerated 
in these specifications shall be deter- 
mined in accordance with the following 
methods of the American Society for 
Testing Materials: 


(6) Wear . — Standard Method of Test 
for Abrasion of Coarse Aggregate by Use 
of the Los Angeles Machine (A.S.T.M. 
Designation: C 131).® 

(c) Weight per Cubic Foot . — Standard 
Method of Test for Unit Weight of 
Aggregate (A.S.T.M. Designation: C29).® 


TABLE I.-GRADING REQUIREMENTS. 



{a) Sampling . — ^Tentative Methods of 
Sampling Stone, Slag, Gravel, Sand, and 
Stone Block for Use as Highway Mate- 
rials (A.S.T.M. Designation: D 75).® 


(d) Sieve AwaZym.— Standard Meth- 
od of Test for Sieve Analysis of Fine and 
Coarse Aggregates (A.S.T.M. Designa- 
tion: C 136).® 


Tentative Methods of 

SAMPLING STONE, SLAG, GRAVEL, SAND, AND STONE 
BLOCK FOR USE AS HIGHWAY MATERIALS^ 



A.S.T.M. Designation: D 75-42T 
Issued, 1939; Revised, 1940, 1942.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These methods are intended to 
apply to the sampling of stone, slag, 
gravel, sand, and stone block for the 
following purposes: 

Preliminary investigation of sources 
of supply, 

Acceptance or rejection of source 
of supply. 

Inspection of shipments of ma- 
terials, and 

Inspection of materials on the site 
of the work. 

Securing Samples 

2. (a) Samples of all materials for 
test upon which is to be based the ac- 
ceptance or rejection of the supply shall 
be taken by the purchaser or his au- 
thorized representative. Samples for 
inspection or preliminary test may be 
submitted by the seller or owner of the 
supply. 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-4 on Road and Paving Materials. 

® Revision accepted by Committee E-10 on Standards, 
August 24, 1942. 

Prior to their present publication as tentative, these 
methods were published as standard from 1922 to 1939, 
but withdrawn and republished as tentative in 1939. 


(6) Sampling is equahy as important 
as the testing, and the sampler shall use 
every precaution to obtain samples that 
will show the true nature and condition 
of the materials which they represent. 

Stone from Ledges or Quarries 
Inspection 

3. The ledge or quarry face of the 
stone shall be inspected to determine 
any variation in different strata. Differ- 
ences in color and structure shall be 
observed. 

Sampling and Size of Sample 

4. Separate samples of stone weighing 
at least 50 lb. each of unweathered 
specimens shall be obtained from all 
strata that appear to vary in color and 
structure. When the toughness or com- 
pression test is required, one piece of each 
sample shall be not smaller than 4 by 5 
by 3 in. in size with the bedding plane 
plainly marked, and this piece shall be 
free of seams or fractures. Pieces that 
have been damaged by blasting shall 
not be included in the sample. 
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Record 

5. In addition to the general informa- 
tion accompanying all samples, the fol- 
lowing information shall accompany 
samples from local ledges that are not 
commercial sources: 

(1) Name of owner or seller, 

(2) Approximate quantity available 
(if quantity is very large this can be 
recorded as practically unlimited), 

(3) Quantity and character of over- 
burden or stripping, 

(4) Haul to nearest point on road 
where the material is to be used, 

(5) Character of haul (kind of road 
and grade), and 

(6) Some detailed record of the ex- 
tent and location of the material repre- 
sented by each sample. 

Note. — A sketch, plan and elevation, show- 
ing the thickness and location of the different 
laj'^ers is recommended for this purpose. 

Field Stone and Boulders 
Inspection 

6. A detailed inspection of the de- 
posits of field stone and boulders, over 
the area where the supply is to be ob- 
tained, shall be made. The different 
kinds of stone and their condition in the 
various deposits shall be recorded. 

Sampling 

7. Separate samples shall be selected 
of all classes of stone that visual inspec- 
tion indicates would be considered for 
use in construction. 

Record 

8. Records accompanying samples of 
field stone and boulders, in addition to 
general information, shall contain the 
followdng: 

(i) Location of supply, 

Note.— T he plotting of the field stone and 
boulder area on a U. S. topographic or a similar 
map is recommended for this purpose. 


(2) Approximate quantity available, 
and 

(J) The percentages of different classes 
of stone that were sampled, and the per- 
centages of material that can be rejected 
by visual examination and may therefore 
have to be handled and rejected. 

Sand and Gravel 
Roadside Productions 
Description of Term 

9. Roadside production shall be under- 
stood to be the production of materials 
with portable or semiportable crushing, 
screening, or washing plants established 
or reopened in the vicinity of the work 
on a designated project for the purpose 
of supplying materials for that project. 

Sampling 

10. (a) Samples shall be so chosen as 
to represent the different materials that 
are available in the deposit. An esti- 
mate of the quantity of the different 
materials shall be made. 

(6) If the deposit is worked as an 
open face bank or pit, the sample shall be 
taken by channeling the face so that it 
will represent material that visual inspec- 
tion indicates may be used. Care shall 
be observed to eliminate any material 
that has fallen from the face along the 
surface. It is necessary, especially in 
small deposits, to excavate test holes 
some distance back of and parallel to the 
face to determined the extent of the 
supply. The number and depth of 
these test holes depend on the quantity 
of material that is to be used from 
the deposit. Material that would be 
stripped from the pit as overburden, 
etc., shall not be included in the sample. 
Separate samples shall be obtained from 
the face of the bank and from test 
holes; and, if visual inspection indicates 
that there is considerable variation in 
the material, separate samples shall be 
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obtained at different depths. If in- 
formation on the variations in the pit 
is desired, each of the samples shall be 
tested, but if the average condition only 
is desired, the separate samples may be 
mixed into a composite sample and 
reduced by quartering to the size 
required for test. If the material being 
sampled consists of sand, a sample 
weighing at least 25 lb. shall be obtained. 
If the material being sampled consists 
of a mixture of sand and gravel, the 
sample shall be large enough to yield 
not less than 25 lb. of the lesser con- 
stituent. 

(c) Deposits that have no open face 
shall be sampled by means of test holes. 
The number and depth of these test 
holes will depend on local conditions and 
the amount of material to be used from 
the deposit. A separate sample shall 
be obtained from each test hole and if 
information on the variations in the 
deposit is desired, each of these samples 
shall be tested, but if the average con- 
dition only is desired and visual examina- 
tion indicates no radical difference in 
size of grain, color, etc., the separate 
samples may be mixed into a composite 
sample and reduced by quartering to the 
size required for test. 

(d) It is very difficult to secure a 
representative sample from a stock pile 
and if conditions require sampling from 
this source, it is recommended that 
separate samples be taken from different 
parts of the pile, care being taken to 
observe any segregated areas and bearing 
in mind that the material near the base 
of the pile is likely to be segregated and 
coarser than the average of the material 
in the pile. In sampling sand, the outer 
layer of material shall be removed 
until damp sand is reached. 

Record 

11. In addition to the general in- 
formation accompanying all samples 


from roadside productions, the detailed 
information prescribed in items 1 to 6 of 
Section 5 shall be supplied. 

Sand, Gravel, Stone, and Slag 
Commercial Sources 

Sampling for Quality 

12. {a) Where practicable, samples 
from commercial sources shall be ob- 
tained from the finished product. Other- 
wise the sample shall be taken in accord- 
ence with the procedure described in 
Section 10. 

{b) Samples to be tested for abrasion 
loss by the Standard Method of Test for 
Abrasion of Coarse Aggregate by Use 
of the Los Angeles Machine (A.S.T.M. 
Designation: C 131) of the American 
Society for Testing Materials® shall be 
obtained from commercially prepared 
material. 

Sampling at Plant 

13. A general inspection of the plant 
and a record of the screening facilities 
shall be made. The sample shall prefer- 
ably be obtained from cars or boats 
during the loading from stock piles or 
bins. In order to determine variations 
in the grading of the material, separate 
samples shall be obtained at different 
times while the material is being loaded. 
If the samples are obtained from a bin, 
they shall be taken from the entire 
cross-section of the flow of material as it 
is being discharged. Approximately 2 
to 5 tons of material should be allowed 
to flow from the bin before the sample is 
obtained. The testing of separate 
samples will give a better idea of the 
variations that occur but samples shall 
be mixed and reduced by quartering 
when the average condition is desired 


a Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Samplmg at Delivery 

14. (a) Where it is not practicable to 
visit the plant, samples for both quality 
and size may be obtained at the destina- 
tion, preferably while the material is 
being unloaded. The sampler should 
realize that segregation of different sizes 
is very likely to occur, and samples shall 
be so chosen as to show any differences 
which occur, both in quality and size of 
material. Separate samples shall be 
taken from the top, middle, and bottom 
of each unit of the shipment. These 
separate samples shall be mixed to form 
a composite sample and this sample 
shall, if necessary, be reduced by quarter- 
ing, but if information on variation is 
deshed, the separate samples shall be 
tested. 

(b) Where test is to be made for size 
only, it is recommended that tests be 
made in the field in order not to delay 
decision on the use of the material. 
Samples shall also be sent to the labora- 
tory for check tests. 

Number and Size of Samples 

15. ({z) The number of samples re- 
quired depends on the intended use of 
the material, the quantity of material 
involved, and the variations both in 
quality and size of the aggregate. A 
sufficient number of samples shall be 
obtained to cover all variations in the 
material. It is recommended that each 
sample of crushed stone, gravel, slag, or 
sand represent approximately 50 tons 
of material. 

(b) Samples of crushed stone, gravel, 
slag, and sand which are to be subjected 
to a mechanical analysis in accordance 
with the Standard Method of Test for 
Sieve Analysis of Fine and Coarse 
Aggregates (A.S.T.M. Designation: 
C 136) of the American Society for 
Testing Materials^ shall conform, to the 


weight requirements prescribed in 
Table I. 


TABLE I.-SIZE OF SAMPLES. 


Nominal Maximum 
Size of Particles, Pass- 
ing Sieve 

Minimum 
Weight of 
Field Samples, 
lb. 

Minimum 
Weight of 
Sample for 
Test,® g. 

Fine Aggregate 


No. 10 

10 

100 

No. 4 

10 

500 

Coarse Aggregate 


ri ; 

10 

1000 

20 

2 500 

M in 

30 

5 000 

VA in : 

SO 

10 000 

70 

IS 000 

2 in 

90 

20 000 

ZVi m 

100 

25 000 

3 m 

125 

30 000 

3J^ m. 

150 

35 000 


“ The sample for test shall be obtained from the field 
sample by quartering or other suitable means to insure a 
representative portion. 


BjUsik Run Sand and Gravel 
Size of Samples 

16. (a) Samples of run of bank (where 
the sand and gravel are combined) shall 
weigh at least 100 lb. when the gravel 
content is 50 per cent or more of the 
whole. If the gravel is less in percent- 
age, the sample shall be increased in 
proportion. 

Note: Example . — When the gravel percent- 
age is 25 per cent of the whole, the sample 
should weigh 200 lb. 

(6) Samples for mechanical analysis 
shall conform to the requirements for 
size of sample as prescribed in Table I. 

Miscellaneous Materials 
Sampling 

17. Samples of slag sand, stone sand, 
screenings, mine tailings, and all other 
materials used instead of sand and gravel 
or broken stone, shall be inspected in 
the same manner and samples shall be 
taken in the same manner as prescribed 
for the materials of similar size and 
classification. 
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Stone Block 
Place of Sampling 

IS. Samples of stone block shall be 
taken either at the quarry or at the 
destination as directed by the purchaser. 
Blocks that would be rejected by visual 
inspection shall not be included in the 
sample. 

Size of Sample 

19. The sample shall consist of at 
least six blocks and the bedding plane 
shall be marked on at least two of these. 

Marking and Shipping Samples 
Marking 

20. Each sample or separate container 
shall be accompanied by a card or regu- 
lar form, preferably in the container, 
giving the following information: 


(1) By whom taken, and the official 
title or rank of the sampler, 

(2) By whom submitted, 

(d) Source of supply, and in case of 
commercial supplies, daily production, 

{4) Proposed use for the material, and 

(5) Geographic location, and shipping 
facilities (name of railroad, canal or 
river, or other common carrier). 

Shipping Samples 

21. (a) Stone and Slag. —Smiphs of 
ledge stone, crushed stone, and slag 
shall be shipped in a secure box or 
bag. 

(6) Gravel, Sand, etc . — Samples of run 
of bank gravel, sand, screenings, and 
other fine material, shall be shipped in a 
tight box or closely woven bag so 
there will be no loss of the finer parti- 
cles. 

(c) Stone Bloch . — Samples of stone 
block shall be securely crated. 



Tentative Method of Test for 
ABRASION OF GRAVEL BY USE OF THE DEVAL MACHINE' 



A.S.T.M, Designation: D 289 - 42 T 

Issued, 1928;Revised, 1937;Withdrawn, 1940; Reissued as Tentative Without Revision, 1942.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. Thi.s method covers the procedure 
for testing uncrushed or crushed gravel 
for resistance to abrasion in the Deval 
testing machine with an abrasive charge. 
Uncrushed gravel consists entirely of un- 
crushed fragments and, for the purpose 
of this test, a gravel containing more 
than 10 per cent by weight of crushed 
fragments shall be considered as crushed 
gravel. 

Apparatus 

2. (fl) T>eml Machine . — The Deval 
abrasion testing machine shall consist 
of one or more hollow’’ cast iron cylinders 
closed at one end and furnished with a 
tightly-fitting iron cover at the other. 
The inside dimensions of the cylin- 
ders shall be 20 cm. in diameter and 
34 cm. in depth. These cylinders shall 
be mounted on a shaft at an angle of 30 
deg. with the axis of rotation of the shaft. 

{b) Sieve.— The No. 12 (1680-micron) 
square-hole sieve shall conform to the 


1 ’Under the standardization procedure of the Society, 
this method is under the joint jurisdiction of the A.S.T.M. 
Committees C-9 on Concrete and Concrete Aggregates and 
Committee D-4 on Road and Paving Materials. _ 

2 Accepted by the Society at annual meeting, June, 
1942. 


Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: Ell) of the American Society for 
Testing Materials.® 

Abrasive Charge 

3. (a) The abrasive charge shall consist 
of 6 cast iron spheres or steel spheres 
approximately 1| in. in diameter, each 
w’eighing betw^een 390 and 445 g. The 
cast iron spheres shall conform to the 
following requirements as to chemical 
composition: 

Combined carbon, min., per cent. 2.50 

Graphitic carbon, max., per cent 0.25 

Manganese, max,, per cent 0.50 

Phosphorus, max., per cent 0.25 

Sulfur, max., per cent 0 ,08 

Silicon, max., per cent 1.00 

Note. — Cast iron spheres, uniform in size, 
conforming to these specifications are available. 
The above chemical requirements for the cast 
iron spheres are identical with those for the 
cast iron spheres used in the rattler test for 
paving brick as prescribed in the Standard 
Specifications for Paving Brick (A.S.T.M. 
Designation: C 7) of the American Society 
for Testing Materials.® 


* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Steel spheres Iff in. in diameter and weigh- 
ing 417 g, can be obtained from at least one 
manufacturer. If they are not readily available, 
the next larger sixe (1| in.) may be ground to 
size. 

(b) An abrasive charge of 6 spheres 
weighing 2500 rh 10 g. shall be used with 
each test sample. 

Grading 

4. The gravel shall be separated by 
screening into the various sizes required 
for grading the test sample according to 
one of the gradings specified in Section 5. 
The material of these sizes shall be 
washed and dried. 


Test Sample 

5. (o) The test sample shall consist of 
dry gravel made up of percentages of the 
various sizes conforming to one of the 
gradings shown in the following table. 
The grading used shall be that most 
nearly representing the gravel furnished 
for the work. 


Grading 

A 


B. 

C. 

D. 


Passing 

Retained on 

Percentage 

Sieve 

Sieve 

of Sample 

f f-in* 

l-in. . . 

... 25 

' 1-in. 

l-in... 

... 25 

tll-in. 

l-in.. . 

... 25 

[ 2-in. 

l|-in.. . 

... 25 

f f-in. 

l-in.. . 

... 25 

1-in. 

f-in... 

... 25 

iH-in. 

l-in.. , 

... 50 

/ l-in. 

l-in.. . 

... 50 

1 l-in. 

f-in.. . 

... 50 

[ l-in. 

i-in... 

... 50 

1 f-in. 

l-in... 

... 50 


(b) The weight of the test sample shall 
depend upon its average bulk specific 
gravity and shall be as follows: 


Range in Bulk 
Specific Gravity 

Over 2.8 

2.4 to 2.8.... 
2.2 to 2,39... 
Less than 2,2, 


Weight of Sample, g. 

..... 5500 

5000 

4500 

4000 


(c) When the gravel furnished for the 
work contains as much as 25 per cent 


of material finer than | in. but is of such 
size that either grading A, B, ox C 
would be used for the abrasion test, a 
second abrasion test shall be made using 
grading D, if, in the opinion of the engi- 
neer, the particles less than | in. in size 
are not at least equal in hardness to those 
particles | in. or over in size. 

(d) Crushed Gravel . — Gravel contain- 
ing more than 10 per cent by weight of 
crushed fragments (Note) shall, for the 
purpose of this test be considered as 
crushed gravel. In such cases, the test 
sample shall contain crushed fragments 
so as to be representative of the gravel 
furnished for the work and shall be 
prepared in accordance with Sections 4 
and 5. 

Note. — For the purpose of this test, a 
crushed gravel fragment may be considered as a 
fragment of gravel having at least one fractured 
face. 

Procedure 

6. The test sample and the abrasive 
charge shall be placed in the Deval 
abrasion testing machine and the machine 
rotated for 10,000 revolutions at a speed 
of from 30 to 33 rpm. At the com- 
pletion of the test, the material shall 
iDe removed from the machine and sieved 
on a No. 12 (1680-micron) sieve. The 
material retained on the sieve shall 
be washed, dried, and accurately weighed 
to the nearest gram. 

Calculations 

7. (o) Uncrushed Gravel . — In the case 
of uiicrushed gravel, the loss by abrasion 
shall be considered as the difference 
between the original weight of the test 
sample and the weight of the material 
retained on the No. 12 (1680-niicron) 
sieve, expressed as a percentage of the 
original weight of the test sample. 

(i) Crushed Gravel . — In the case of 
crushed gravel, the percentage by weight 
of crushed fragments shall be determined, 
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and the permissible percentage of wear 
which shall govern shall be calculated as 
follows: 

_ AL + (100 “ A) V 
100 

where: 

W = permissible percentage of wear, 

A = percentage of uncrushed frag- 
ments, 


100 ~ A ~ percentage of crushed 
fragments, 

L — maximum percentage of wear per- 
mitted by the specifications for 
gravel consisting entirely of 
uncriished fragments, and 
V — maximum percentage of wear per- 
mitted by the specifications for 
gravel consisting entirely of 
crushed fragments. 



Tentative Specifications for 
CUT-BACK ASPHALT! 

RAPID CURING TYPE 



A.S.T.M. Designation: D 597 - 40T 
Issued, 1940.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover liquid 
petroleum products, produced by fluxing 
an asphaltic base with a suitable light 
volatile solvent, to be used in the treat- 
ment of road surfaces in the manner 
designated for the respective grades. 

Properties 

2. The cut-back asphalt shall be free 
from water and shall conform to the 
requirements prescribed in Table I. 

Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these speci- 
fications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing Ma- 
terials, except as specified in Paragraph 

ia) • 

(a) Flash Point (Tag Open Cup ). — 
Standard Method of Test for Flash 

' Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

2 Accepted by Committee E-10 on Standards, August 
28,1940. 


Point with Tagliabue Open Cup 
(Method T 79) of the American Associa- 
tion of State Highway Officials.® 

(b) Viscosity, SayhoU Furol. — Stand- 
ard Method of Test for Viscosity by 
Means of the Saybolt Viscosimeter 
(A.S.T.M. Designation: D 88),'! 

(c) Distillation. — Standard Method of 
Test for Distillation of Cut-Back As- 
phaltic Products (A.S.T.M. Designa- 
tion: D 402).! 

Note, — If a 100-ml. graduate does not per- 
mit sufficiently close readings to determine con- 
formity to specifications with the desired 
accuracy, receivers graduated with O.l-ml. 
divisions shall be used. 

(d) Penetration. — Standard Method of 
Test for Penetration of Bituminous 
Materials (A.S.T.M. Designation; D 5).! 

(e) Ductility. — Standard Method of 
Test for Ductility of Bituminous Ma- 
terials (A.S.T.M. Designation: D 113).! 


* See “Standard Specifications for Highway Materials 
and Methods of Sampling and Testing,” The Am. Assn. 
State Highway Officials, Part II, p. 92 (1942 1 . 

4 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(f) Solubility in Carbon Tetrachloride. Bitumen (A.S.T.M. Designation: D 4),^ 
— Method No. 1 of the Standard except that c.p. carbon tetrachloride 
Method of Test for Determination of shall be used in place of carbon disulfide. 






Tentative Specijicatiofis for 
CUT-BACK ASPHALT^ 

MEDIUM CURING TYPE 



A.S.T.M. Designation: D 598- 40 T 
Issued, 1940.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover liquid 
petroleum products, produced by fluxing 
an asphaltic base with suitable distil- 
lates, to be used in the treatment of 
road surfaces in the manner designated 
for the respective grades. 

Properties 

2. The cut-back asphalt shall be free 
from water and shall conform to the 
requirements prescribed in Table I. 

Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications shall be determined in ac- 
cordance with the following methods of 
the American Society for Testing Ma- 
terials, except as specified in Para- 
graph (a): 

{a) Flash Point (Tag Open Cup ). — 
Standard Method of Test for Flash 

’ Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-4 on Road and Paving Materials. 

* Accepted by Committee E-10 on Standards, August 
18,1940. 


Point with Tagliabue Open Cup (Meth- 
od T 79) of the American Association 
of State Highway Officials.® 

(b) Viscosity, Sayholt Furol. — Stand- 
ard Method of Test for Viscosity by 
Means of the Saybolt Viscosimeter 
(A.S.T.M. Designation: D 88).“^ 

(c) Distillation. — Standard Method of 
Test for Distillation of Cut-Back As- 
phaltic Products (A.S.T.M. Designa- 
tion: D 402).* 

Note. — ^If a lOO-ml. graduate does not per- 
mit sufficiently close readings to determine 
conformity to specifications with the desired 
accuracy, receivers graduated with 0.1-ml. 
divisions shall be used. 

(d) Penetration. — Standard Method of 
Test for Penetration of Bituminous 
Materials (A.S.T.M. Designation: D 5).* 

(e) Ductility. — Standard Method of 
Test for Ductility of Bitummous Ma- 
terials (A.S.T.M. Designation: D 113).* 

3 See “Standard Specifications for Highway Materials 
and Methods of Sampling and Testing,” The Am. Assn. 
State Highway Officials, Part II, p. 92 (1942). 

< Appears m this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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(f) Solubility in Carbon Tetrachloride. 
— Method No. 1 of the Standard 
Method of Test for Determination of 


Bitumen (A.S.T.M. Designation: D 4),^ 
except that c.p. carbon tetrachloride 
shall be used in place of carbon disulfide. 


TABLE I.— REQUIREMENTS FOR CUT-BACK ASPHALT (MEDIUM CURING TYPE). 


Grade MC-0 

Grade MC-1 

Grade MC-2 

Grade MC-3 

Grade MC-4 

Grade MC-5 

Note 1 

Notel 

Notes 

Notes 

Notes 

Notes 2. 7 





1. 2, 

4.6 

2, 

,5, 7 

2,3, 

5,7 



Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Mas. 

100 


100 


ISO 


ISO 


ISO 


ISO 


75 

ISO 

'75 

iso 

ioo 

200 

250 

500 

125 

2s6 

300 

666 


25 


20 


10 


5 


0 


0 

‘46 

70 

'25 

65 

‘is 

55 

"s 

40 


30 


20 

75 

93 

70 

90 

60 

87 

55 

85 

'46 

80 

‘20 

7S 

SO 


60 


67 


73 


78 


82 


120 

300 

120 

300 

120 

300 

120 

300 

120 

300 

120 

300 

100 


100 


100 


100 


100 


100 


99.5 


99.5 


99.5 


99.5 


99.5 


99.5 



Viscosity, Saybolt Furol; 
at 77 F. (25 C.), sec. . 
at 122 F. (SO C,), sec. 
at 140 F. (60 C.), sec. 
at 180 F. (82.2 C.), se( 


Distillation test: 

Distillate, percentage by vol- 
ume of total distillate to 680 F. 
(360 C.): 

to 437 F. (22S C.) 

to 500 F. (260 C.) 

to 600 F. (316 C.) 

Residue from distillation to 680 F. 
(360 C.), percentage volume by 
difierence 


Tests on residue from distillation: 
Penetration at 77 F. (25 C.). 100 g., 

5 sec 

Ductility at 77 F. (25 C.), cm.“.., 
Solubility in carbon tetrachloride, 
per cent 


° If penetration of residue is more than 200 and its ductility at 77 F. is less than 100, the material will b 
if its ductility at 60 F. is more than 100. 

Note 1.— Used as priming material. 

Note 2.— Used as binder in surface treatments. 

Note 3.— Used as binder in road-mix construction with open-graded aggregate. 

Note 4.— Used as binder in road-mi.x construction with dense-graded aggregate. 

Note S. — Used as binder in cold patch mixtures with open-graded aggregate. 

Note 6.— Used as binder in cold patch mixtures with dense-graded aggregate. 

Note 7.— Used as binder in cold-laid plant-mix construction with dense-graded aggregate. 


Tentative Specific at io?ts for 

TARi 



A.S,T.M. Designation: D 490 - 43 T 
Issued, 1938; Revised, 1943.’® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover 14 grades 
of tar, as follows: 

Grades RT-l, t^T-2, RT-3, and RT-4 
for use in prime coat application 
and light surface treatment, 

Grades RT-5 and RT-6 for use in 
surface treatment and road mix, 

Grades RT~7, RT-8, and RT-9 for use 
in surface treatment, road mix, 
plant mix, and seal coat. 

Grades RT-10, RT-11, and RT-12 for 
use in surface treatment, plant mix, 
penetration, crack filler, and seal 
coat, and 

Grades RT.C.B.-5 and RT.C.B.-6 for 
use in patching, surface treatment; 
also for plant mix and road mix 
where low-temperature application 
and quick setting are desired. 

Properties 

2. The tar shall conform to the re- 
quirements prescribed in Table I. 
Methods of Sampling and Testing 

3. The material shall be sampled and 
the properties enumerated in these 


specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials, with the exception of the tests 
specified in Paragraphs {d) and {h ) : 

{a) Sampling. — Tentative Methods 
of Sampling Bituminous Materials 
(A.S.T.M. Designation: D 140).® 

{b) W ater. — Standard Method of Test 
for Water in Petroleum Products and 
Other Bituminous Materials (A.S.T.M. 
Designation: D 95).® 

(c) Specific Gravity. — Standard Meth- 
od of Test for Specific Gravity of Road 
Oils, Road I'ars, Asphalt Cements, and 
Soft Tar Pitches (A.S.T.M. Designa- 
tion: D 70).® 

(d) Specific Viscosity. — Standard 
Method of Test for Specific Viscosity 
(Engler) (Method T 54)^ of the American 
Association of State Highway Officials. 
The results shall be reported as specific 
\dscosity compared with water at 25 C. 
(77 F.). 

{e) Float Test. — Standard Method of 


1 Under the standardization procedure of the Society, » Appears in this publication , see Contents in Numeric 

these specifications are under the jurisdiction of the Sequence of A.S.T.M. Designations at front of book. 
A.S.T.M. Committee D-4 on Road and Paving Materials. ■* See “Standard Specifications for Highway Materials 

2 Revision accepted by Committee E-10 on Standards, and Methods of Sampling and Testing,” The Am. Assn. 

November 10, 1943 . State Highway Officials, Part II, p. 55 (1942) . 
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SPECiPiCAflOMs FOR TaR (D 490 ~ 43 T) 


Float Test for Bituminous Materials 
(A.S.T.M. Designation: D 139).® 

(/) Standard Method of 

Test for Distillation of Tar Prod- 
ucts Suitable for Road Treatment 
(A.S.T.M. Designation: D 20).® 

(i) Softening Point . — Standard 
Method of Test for Softening Point of 
Bituminous Materials (Ring-and-Ball 
Method) (A.S.T.M. Designation: D 36).® 


(A) Sulfonation Index . — Standard 
Method of Test for Sulfonation Index of 
RoadTar (MethodT 108)®of the American 
Association of State Highway Ofi&cials. 

{i) Total Bitumen . — Standard 

Method of Test for Determination of 
Bitumen (A.S.T.M. Designation: D 4).® 


6 See “Standard Specifications for HiKhway Materials 
and Methods of Sampling and Testing, ’ the Am. Assn. 
State Highway Officials, Part II, p. 116 (1942). 



AMERICAN ASSOCIATION STATE 
HIGHWAy OFFICIALS STANDARD 
A.A.S.H.O. NO.: T 40-42 


Tentative Methods of 

SAMPLING BITUMINOUS MATERIALS' 



A.S.T.M. Designation; D 140-41 T 
IssuEO, 1939; Revised, 1941.* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


General Directions 

1. Samples may be taken for either 
of two purposes : 

(a) To represent as nearly as possible 
an average of the bulk of the material 
sampled. 

{h) To ascertain the maximum varia- 
tion in characteristics which the mate- 
rial may possess. In either case they 
shall be obtained by methods hereinafter 
described. 

Protection and Pre,servation 

2. {a) Care shall be taken that the 
samples are not contaminated with dirt 
or any other extraneous matter and that 
the sample containers are perfectly 
clean and dry before filling. 

{h) Immediately after filling, the sam- 
ple containers shall be tightly closed 
and properly marked for identification 
on the container itself or on a linen tag 
attached to the container. 

1 Under the standardization procedure of the Society, 

these methods are under the joint jurisdiction of A.S.T.M. 
Committee D-4 on Road and Paving Materials and Com- 
mittee D-8 on Bituminous Waterproofing and Roofing 
Materials. , 

2 Prior to their present publication as tentative, these 
methods were published as tentative from 1922 to 1925, 
being revised in 1923. They were adopted jn 1925, pub- 
lished as standard from 1925 to 1939, but withdrawn and 
republished as tentative in 1939. 


Time and Place 

3. (c) Whenever practical, bitumi- 
nous materials shall be sampled at the 
point of manufacture, and at such time 
as to allow the tests, controlling accept- 
ance or rejection, to be made in advance 
of shipment. 

{h) When impracticable to take sam- 
ples at the point of manufacture, they 
should be taken from the shipment 
immediately upon delivery. 

Size of Samples 

4. For routine laboratory examination 
of acceptability of a given lot, not less 
than 1 qt. of material should be sub- 
mitted which should be representative 
of the average sample collected as 
hereinafter described. 

Containers 

5. Containers for liquid bituminous 
materials shall be small-mouth cans 
with cork-lined screw caps. Containers 
for semisolid and solid materials shall 
be friction top cans. 
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Sampling at Place op Manufacture 
From Bulk Storage 

6. The inlet and outlet to the storage 
tank shall be sealed and a l-gal. sample 
drawn from the top, middle, and bottom 
contents. The sample may be taken 
from drain cocks on the side of the tank, 
if such are available. Enough material 
should be discarded to insure a repre- 
sentative sample. Otherwise, samples 
may be taken by lowering, weighted 
bottles or cans into the material. The 
bottle or can should be fitted with a 
stopper which can be removed by a 
string or wire attached to it after it has 
been lowered to the proper depth. The 
three samples from bulk storage shall be 
tested separately for consistency in 
order to detect stratification. They 
may then be combined and thoroughly 
mixed for other tests that may be 
required. 

During Loading 

7. Where tank cars, distributors, or 
barrels are being filled, samples may 
conveniently be taken from the pipe 
line through which the material is 
flowing, as hereinafter described. 

A. When Material is Pumped Under 
Pressure 

Material Under Pressure 

8. {a) The sampling pipe shall be 
inserted into a rising section of the 
pipe line on the discharge side of the 
pump. The sampling pipe shall be 
not more than one-eighth the diameter 
of the line pipe and its opening should 
be turned at an angle of 90 deg. facing 
the flow of the liquid. This pipe shall 
be provided with a plug cock and shall 
discharge into a receiving drum of 50- 
gal. capacity. The plug cock shall be 
so adjusted that there is a steady con- 
tinuous flow of bituminous material 
through it and shall be so regulated 


that the receiver will fill in the same 
time that is required to make the entire 
pumping. In the case of semisolid 
materials, the receiver shall be provided 
with a steam coil which shall keep the 
contents at a temperature just above the 
liquefying point. At completion of the 
pumping, the receiver shall be thor- 
oughly agitated, and a 1-qt. sample 
taken therefrom. The sampling shall 
be so regulated that for each 1000 gal. 
of material pumped, at least 1 gal. of 
sample is taken; but 40 gal. shall be the 
limit required for any one cargo. 

(&) Care should be taken that the 
drip cock, after once having been set, 
allows a constant flow during the 
pumping. 

(c) This method is also applicable to 
gravity flows where the pipe line is 
completely filled by the outflowing 
liquid and has a rising section. 

B. When Materials Flow hy Gravity 
Material Flowing by Gravity 

9. Materials flowing by gravity 
through pipes which are not completely 
filled may be sampled by taking dipper- 
fuls at the outlet at frequent and regular 
intervals. These samples shall be com- 
bined and the total sample shall be not 
less than 0.1 per cent of the whole 
material. The samples shall be col- 
lected in a receiver and resampled as 
described in Section 8. 

Sampling at Point of Delivery 
Tank Cars 

10. (a) The material in the car should 
be agitated or otherwise mixed prior to 
sampling, if possible. Liquid bitumi- 
nous materials shall be sampled before 
heating, if possible, but if heating is 
necessary at no time shall the temper- 
ature exceed the application temper- 
ature. Semisolid or solid bituminous 
material shall be rendered fluid by heat- 
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ing. A careful observation of the condi- 
tion of the material in regard to the 
presence of free water on top of the 
material in the car shall be made. 

(b) Samples may be taken by means 
of a weighted bottle or can as described 
in Section 6 from the top, middle, and 
botton of the material in the car or 
from the unloading pipe line as de- 



scribed in Section 7. The sample bottle 
shall be dried and any extraneous ma- 
terial on the outside removed before 
pouring the sample into the shipping 
container. A suitable sampling device 
is shown in Fig. 1, Tests on the individ- 
ual samples will give a better indica- 
tion of the variations which occur in the 
material, but the samples should be 
combined to form a composite sample 


when it is desired to determine the aver- 
age condition. 

Distributors 

11. Samples may be taken from dis- 
tributors by means of a weighted 
bottle or can, as described in Section 6. 
One sample shall be sufficient. 

Barrels, Drums, and Cakes 

12. (a) Semisolid or Solid Materials 
Where the lot of material to be sampled 
is obviously from a single run or batch 
of the producer, one package or cake 
shall be selected at random and sampled 
as described in the following paragraph. 
Where the lot of material to be sampled 
is not obviously from a single run or 
batch of the producer, or where the 
single sample selected as described above 
fails on test to conform to the require- 
ments of the specifications, a number of 
packages or cakes shall be selected at 
random equivalent to the cube root of 
the total number of packages or cakes 
in the lot. For convenience, the follow- 
ing table is given, showing the number 
of samples to be selected for shipments 
of various sizes: 

Packages or Packages or 

Cakes in Cakes 

Shipment Selected 

2 to 8 2 

9 to 27 3 

28 to 64 4 

65 to 125 5 

126 to 216 6 

217 to 343 7 

344 to 512 8 

513 to 729 9 

730 to 1000 10 

1001 to 1331 11 

Samples shall be taken from at least 
3 in. below the surface and at least 3 in. 
from the side of the container or cake 
or from the center of a cake. A clean 
hatchet may be used if the material is 
hard enough to shatter and a broad 
stiff putty knife if the material is soft. 
An auger, or brace and f-in. bit, or 
other suitable means may also be used. 
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When more than one package or cake 
in a lot is sampled, each individual 
sample shall be not less than | lb. in 
weight. When the lot of material is 
obviously from a single run or batch 
of the producer, all samples from the 
lot shall be melted and thoroughly 
mixed, and an average sample taken 
from the combined material for exami- 
nation. In case more than a single run 
or batch of the producer is present and 
the batches can be clearly differentiated, 
a composite sample shall be prepared 
for examination from each batch. Where 
it is not possible to differentiate between 
the various batches each sample shall be 
examined separately. 

(b) Liquid Materials . — Samples of 
liquid bituminous materials from barrels 
or drums shall be secured by taking 
1 qt. of material from packages selected 
at random according to the cube root 
method described in Paragraph (a). 


When the lot of material is obviously 
from a single run or batch of the pro- 
ducer the samples shall be combined 
and thoroughly mixed and an average 
sample taken from the combined mate- 
rial. In case more than one run or 
batch is present and can be clearly 
differentiated, a composite sample shall 
be prepared from each batch. Wliere 
it is impossible to differentiate between 
the various batches or runs, each sample 
shall be examined separately. 

Bulk and Bags 

13. Solid bituminous materials in 
crushed fragments or powder, such as 
gilsonite, grahamite, etc,, shall be sam- 
pled in accordance with the Standard 
Method of Sampling Coal for Analysis 
(A.S.T.M. Designation: D 21) of the 
American Society for Testing Mate- 
rials.* 


3 1944 Book of A.S.T.M. Standards, Part III, 



AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDAS.B 
A^.S.H.O. NO,: T 47-42 


Tentative Method of Test for 
LOSS ON HEATING OF OIL AND ASPHALTIC COMPOUNDS^ 



A.S.T.M. Designation; D 6 - 39 T 
Issued, 1939; Revised, 1939.* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test is intended for 
the determination of the loss in weight 
(exclusive of water) of oil and asphaltic 
compounds when heated as hereinafter 
prescribed. 

Apparatus 

2. (o) Oven . — The oven shall be rec- 
tangular in form with double walls and 
heated by electricity. Its interior di- 
mensions shall be as follows: Height, 
exclusive of space occupied by the heat- 
ing element, not less than 29.21 cm. 
(11.5 in,); width and depth, not less 
than 29.85 cm. (11.75 in.). The oven 
shall have in front a tightly-fitting 
hinged door, which shall provide a clear 
opening substantially of the interior 
height and width of the oven. The 
door may contain a window with linear 
dimensions of at least 10 cm. (4 in.), 
and with two sheets of glass separated 
by an air space, through which a vertical 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-4 on Road and Paving Materials. ^ 

2 Prior to its present publication as tentative, this 
method was published a| standard from 1911 to 1939, being 
revised in 1916, 1920, 1927, 1930, 1933, but withdrawn, re- 
vised, and republished as tentative in 1939. 

Revision accepted by Committee E-10 on Standards, 
August 24, 1939. Editorially revised in 1941 . 


thermometer located as specified in 
Section 4 may be read without opening 
the door; or the oven may be provided 
with an inner glass door, through which 
the thermometer may be observed on 
opening the outer door momentarily. 

The oven shall be adequately venti- 
lated by convection currents of air, and 
for this purpose the oven shall be pro- 
vided with openings for the entrance of 
air and the exit of heated air and vapors. 
Openings for the entrance of air in 
interior walls of the oven shall be sym- 
metrically arranged in the bottom or in 
side walls near the bottom, and shall be 
so placed that incoming air will circu- 
late around the heating elements; the 
openings shall have a total area of not 
less than 1.3 sq. cm. (0.2 sq. in.). Open- 
ings for the exit of heated air and vapors 
in interior walls of the oven shall be 
symmetrically arranged in the top or 
in side walls near the top, and shall have 
a total area of not less than 1.3 sq. cm. 
(0.2 sq. in.) nor more than 12.9 sq. cm. 
(2.0 sq. in.). 

The oven shall be provided with a 
perforated metal circular shelf approxi- 
mately 24.77 cm. (9.75 in.) in diameter. 
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A recommended form of aluminum shelf 
is shown in Fig. 1. This shelf shall be 
placed in the center of the oven with 
respect to all dimensions of the interior 
of the oven, shall be suspended by a 
vertical shaft and provided with mechan- 
ical means for rotating it at the rate of 
5 to 6 rpm. 

(b) Thermometer . — An A.S.T.M. Loss 
on Heat Thermometer graduated in 
Centigrade degrees, having a range of 
155 to 170 C., and conforming to the 
requirements for this thermometer as 
prescribed m the Standard Specifica- 


Preparation of Sample 

3. (a) The sample as received shall 
be thoroughly stirred and agitated, 
warming, if necessary, to insure a com- 
plete mixture before the portion for 
analysis is removed. 

{b) The material under examination 
shall first be tested for water and if 
water is found to be present, it shall be 
removed by suitable methods of dehy- 
dration before the material is subjected 
to the loss on heating test; or another 
sample shall be obtained which is free 
from water. 


4 



tions for A.S.T.M. Thermometers 
(A.S.T.M. Designation: E 1) of the 
American Society for Testing Materials.® 

{c) Container . — The container in 
which the sample is to be tested shall be 
of metal or glass, cylindrical in shape, 
and shall have a flat bottom. Its inside 
dimensions shall be substantially as fol- 
lows: diameter, 55 mm. (2.17 in,), depth, 
35 mm. (1.38 in.). 

Note. — C ontainers known in the drug trade 
as seamless “ointment boxes” may be obtained 
in dimensions conforming to the above require- 
ments. 


® Appe.'irs in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Procedure 

4. (a) A 50.0 dr 0.5 g. sample of the 
water-free material to be tested shall be 
placed in a tared container conform- 
ing to the requirements of Section 2 (c) 
and weighed to the nearest 0.01 g. If 
the material has been heated to facilitate 
transfer, the sample shall be cooled to 
room temperature before making this 
initial weighing. The oven shall be 
brought to a temperature of 163 C. 
(325 F.), and the container with the 
weighed sample placed on and near 
the circumference of the circular shelf, 
in one of the recesses if the rec- 
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ommended shelf is used. The oven 
shall then be closed and the shelf ro- 
tated during the entire test at a rate of 
S to 6 rpm. The temperature shall be 
maintained at 163 rb 1 C. (325 ± 1.8 F.) 
for 5 hr. after the sample has been intro- 
duced and the oven has again reached 
that temperature. The 5-hr. period 
shall start when the temperature reaches 
162 C., and in no case shall the total 
time that a sample is in the oven be 
more than 5 hr. and 15 min. At the 
conclusion of the heating period the 
sample shall be removed from the oven, 
cooled to room temperature, weighed to 
the nearest 0.01 g., and the loss due to 
heating calculated. 

(b) Temperatures shall be determined 
by means of the specified thermometer, 
which shall be supported from the shaft 
of the circular shelf in a vertical posi- 
tion approximately 1.9 cm. (0.75 in.) in- 
side the periphery of the shelf, and with 
the bottom of the thermometer bulb 0.25 
in. above the shelf. 

Note 1. — If additional periods of heating 
are desired it is recommended that they be 
made in successive increments of 5 hr. each. 

Note 2.— When it is required that the pene- 
tration or other characteristics of the sample 
after heating be determined, the residue should 
be melted in the container at the lowest possible 
temperature and thoroughly mixed by stirring, 
taking care to avoid incorporating air bubbles 
in the material. For the penetration test, the 
well-mixed residue shall be brought to standard 
temperature and tested as prescribed in the 
Standard Method of Test for Penetration of 
Bituminous Materials (A.S.T.M. Designation: 


D S) of the American Society for Testing Ma- 
terials.® For other tests, the well-mixed residue 
should be tested according to standard condi- 
tions as required by the test procedure involved. 

Precautions 

5. Under ordinary circumstances a 
number of samples having about the 
same degree of volatility may be tested 
at the same time. Samples varying 
greatly in volatility should be tested 
separately. When extreme accuracy is 
required not more than one material 
should be tested at one time and dupli- 
cate samples of it should be placed simul- 
taneously in the oven. Such duplicates 
shall check within the limits of accuracy 
given in Section 6. Results obtained 
on samples showing evidences of foaming 
during the test shall be rejected. 

Reproducibility of Results 

6. Up to 5 per cent loss in weight the 
results obtained may be considered as 
correct within 0.5. Above 5 per cent 
loss in weight the numerical limit of 
error increases 0.01 for every 0.5 per 
cent increase in loss by volatilization as 
follows: 

Volatilization Numerical True Volatilization 


I.OSS, per cent 

Correction 

Loss, per cent 

5.0 

..±0.50 

4.50 to 5.50 

5.5 

..±0.51 

4.99 to 6.01 

6.0 

..±0.52 

5.4Sto 6.52 

10.0 

..±0.60 

9.40 to 10.60 

15.0 

..±0.70 

14.30 to 15.70 

25.0 

..±0.90 

24.10 to 25.90 

40.0 

..±1.20 

38.80 to 41.20 


Tentative Method of Test for 

HOT EXTRACTION OF ASPHALTIC MATERIALS AND 
RECOVERY OF BITUMEN BY THE MODIFIED 
ARSON PROCEDURE' 



A.S.T.M. Designation: D 762 - 44 T 
Issued, 1944.* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test covers the pro- 
cedure for the extraction of benzol 
soluble bitumen from asphaltic mix- 
tures, the removal of mineral matter 
from the solution and the recovery of 
the bitumen from solution in sufficient 
quantity for further testing. 

Note. — This method has been studied by 
the committee for asphalts harder than 150 
penetration. Suitability of the method for 
softer residues has not been determined. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Own . — An oven capable of main- 
taining the temperature at 210 to 220 F. 

(Z)) Balance , — balance capable of 
weighing 5000-g, 

(c) Extractor . — An extraction appa- 
ratus as shown in Fig. 1. 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A,S.T.M. 
Committee D-4 on Road and Paving Materials. 

2 Accepted by the Society at .annual meeting, June, 
1944. 


(d) Centrifuge . — ^A centrifuge capable 
of handling two 8-oz. wide-mouth bot- 
tles at 770 times gravity.® 

{e) Bottles . — ^A supply of 8-oz. wide- 
mouth bottles. 

(/) Distillation Assembly . — A distil- 
lation assembly as shown in Fig. 3 and 
consisting of the following items: 

(i) A heat-resistanU glass distillation 
column 250 mm. in length and 25 mm. 
in diameter, and provided with a side 
arm 150 mni. in length and 8 mm. in 
diameter, 

{2) An iron tripod. 

{3) A 6 by 6-in. 20-mesh wire gauze 
with an asbestos center. 

{4) A gas burner. 

(5) A water-jacketed condenser 475 
to 500 mm. in length. 

{6) Three thermometers conforming 
to the requirements for thermometer 
El (7 F - 39) as prescribed in the Stand- 
ard Specifications for A.S.T.M. Ther- 
mometers (A.S.T.M. Designation; E 1).® 

3 Au “International” No. 2 iCentrifuge at 1900 rpm. 
will meet these requirements. 

<Pyrex glass is satisfactory for this purpose. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Fig. 2. — ^Distillation Flask. 
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(7) A 250-ml. Erlennieyer receiving 
flask and a 250-ml. Erlenmeyer filtering 
flask. 

(rS’) A 500-mL graduated cylinder. 

(P) Corks of assorted sizes. 

{10) A ringstand and supports. 

{11) A distillation flask as shown in 
Fig. 2. 

{12) An oil bath for the distillation 
flask. 


Sample 

4. A sample of sufficient size to result 
in at least 100 g. of recovered bitumen 
is required. About 1000 g. of sheet- 
asphalt mixtures will usually be suffi- 
cient unless the largest particles in the 
sample are 1 in., in which case 2000 g. 
will usually be required. Mixtures con- 
taining larger aggregates will require 
still larger samples. 



{13) A gas flow meter. 

{14) A gas inlet coil. 

(15) A cylindrical, flat-bottom, seam- 
less tin container of 6-oz. capacity. 
The container shall be 70 mm. (2f in.) 
in diameter and 45 mm. (If in.) in depth 
(Note). 

Note. — C ontainers known in the drug trade 
as seamless “ointment boxes” may be obtained 
in the dimensions conforming to these require- 
ments. 

Reagents 

3. {a) Benzol (thiopene free, dry, with 
a boiling range of 79.5 to 81.5 G.). 

(h) Carbon dioxide. 


Procedure 

5. {a) The sample shall be placed in 
the oven at 210 to 220 F, for 15 min., 
broken into pieces and dried in the oven 
for an additional 30 min. The desired 
amount of the sample shall be weighed 
to the nearest 5 g. and placed in the 
basket of the extractor with the stirrer 
in place. The extractor shall be charged 
with 400 ml. of benzol and the wire 
cone hung on the bottom of the basket. 
The basket shall be inserted in the ex- 
tractor, the condense^, cover placed on 
the extractor and the handle placed on 
the stirrer. Cold water shall be dr- 
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culated through the condenser. The 
electric heater shall be connected and 
the sample extracted until the benzol 
is colorless (Note). When the sample 
contains a mineral filler, the stirrer 
shall be turned by hand one-half turn 
every 15 min. (after the benzol becomes 
straw colored) to break up the settled 
filler and remove the last traces of 
bitumen. 

Note. — This can be observed by placing a 
light at one window of the extractor and ob- 
serving the dripping benzol through the other 
window. 

(b) The benzol solution shall be drawn 
off and the volume increased to 400 
ml. by the addition of fresh benzol, using 
this solution to wash the extractor if 
necessar}^ The solution shall be poured 
into two 8-02. wide-mouth bottles, bal- 
anced accurately, stoppered, and placed 
in the centrifuge. The solution shall 
be centrifuged at room temperature for 
30 min. at 770 times gravity using the 
distance (in feet) from the center of the 
centrifuge to a point midway in the 
liquid, as the value of R in the following 
formula for calculation of speed of the 
centrifuge: 

o , 1500 

Speed, rpm. = 

(c) The solution shall be poured into 
a previously weighed 500-ml., three- 


neck flask, care being taken not to dis- 
turb or include the sediment. 

(d) Using the distillation assembly 
shown in Fig. 3, the temperature shall 
be raised inside the flask to 300 F. 
(148.9 C.) at such a rate that the benzol 
is collected at a rate of SO to 70 drops 
per min. As soon as this rate falls off, 
carbon dioxide gas shall be admitted 
slowly, increasing to a rate of 800 to 900 
ml. per min. The contents of the flask 
shall be maintained at 295 to 305 F. 
(146.1 to 151.7 C.) for exactly 30 min. 
with full carbon dioxide gas rate. The 
outside bath temperature ordinarily shall 
be held 15 to 25 F. (8 to 14 C.) higher 
than the inside in order to maintain a 
sample temperature of 295 to 305 F. 
(146.1 to 151.7 C.). 

(e) The flame shall be removed, the 
carbon dioxide gas shut off, and the 
apparatus disassembled. The outside 
of the flask shall be cleaned and the 
flask and contents weighed. The per- 
centage of bitumen shall be determined 
by the following formula: 

Bitumen, per cent = 

wt. of flask and contents — wt. of fla sk ^ 
wt. of original sample 

(/) The contents of the flask shall 
then be poured into the 6-oz. container 
and cooled. 


Tentative Methods of 

SURVEYING AND SAMPLING SOILS FOR HIGHWAY 
® SUBGRADES^ 

A.S.T.M. Designation: D 420 - 42 T 
Issued, 1935; Revised, 1940, 1942.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 


should be addressed to the Society, 

Purpose of Subgrade Survey 

1. The purpose of the subgrade survey 
is to furnish the engineer with significant 
information on the following subjects: 

{a) The final location of the road both 
vertically and horizontally. 

{h) The selection of suitable fill 
material. 

(c) The design of the roadway section. 

(d) The design and location of ditches, 
culverts, and drains. 

{e) The need for subgrade treatment 
and the type of treatment required. 

(/) The selection of the type of road 
surface and its design. 

Scope of Subgrade Survey 

2. These methods cover procedures 
for the surveying and sampling, for iden- 
tification and subgrade profile purposes, 
of soils for highway subgrades but do 
not include the examination of soils for 
their supporting value as foundation 
materials or stability in slopes. These 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.TJ!i. 
Committee D-IS on Soils for Engineering Purposes. 

2 Latest revision accepted by Committee E-10 on 
Standards, August 24, 1942. 


50 S. Broad St., Philadelphia 2, Pa. 

same methods can be applied to survey- 
ing subgrades for airport runways, park- 
ing, or taxiway areas. 

Note. — Investigation of soils under struc- 
tures or fills for their supporting value and the 
stability of slopes in embankments or cuts 
should not be overlooked by the engineer and 
where necessary a thorough study of these 
factors should be made. This will require 
special procedures and equipment not covered 
in these methods. 

Equipment for Subgrade Survey 

3. The following equipment is re- 
quired to make a subgrade survey: 

(a) One 3-ft. soil auger and three 3-ft. 
extensions as illustrated in Fig. 1. 

(5) Two small pipe wrenches, 

(c) One light pick. 

(d) One shovel. 

(e) A supply of sample bags. 

(/) A supply of tags for marking 
samples. 

(g) A ball of twine. 

Qi) One engineer’s level. 

{i) . One hand level. 

(/) One 12-ft. level rod, three-section. 

{k) One 100-ft. metallic tape. 
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(l) One 12 by 15 in. strip of stiff 
cardboard. 

(m) One roll of 20-in. cross-section 
paper, 10 divisions to the inch each way, 

(n) Notebooks. 

(o) A supply of survey stakes. 

(p) One camera and supply of films. 

(q) A supply of keel. 

Soil Profile Determination 

4. The soil profile shall be determined 
by examining the soil in its natural field 
condition. This work may be accom- 
plished by examining excavations, road 
cuts, etc. ; however, the most commonly 
used method is, of necessity, the soil 
auger. There is no definite rule to follow 
in making these examinations, except 
that the soil should be examined at in- 
tervals close enough to determine the soil 
type and by borings deep enough to pene- 
trate the more or less nonuniform layers 
of soil or soil material. 

Nokh^Desp, 

ll'diam. z' Sfanc/ard Pipe-;-- 
Groove Every '' 

1^ J'-C?" Extension 

Fig. 1. — Auger for Obtaining Soil Samples. 

Examination of Soil Section 

5. The examination of the soil section 
should proceed in a systematic way, pay- 
ing particular attention to the properties 
described in Sections 6 to 12: 

6. Texture. — The successive layers or 
horizons differing in texture, or in fine- 
ness or coarseness of the material, should 
be carefully examined. The examina- 
tion should extend to a depth of at least 
5 or 6 ft. The texture of each layer 
and its thickness should be described. 

7. Color. — The successive layers 

which can be differentiated according to 


y Auger 




differences in color should be noted. 
Each layer should be described and its 
thickness given. 

8. Structure. — The several layers that 
differ according to structure should be 
examined carefully, structure being de- 
fined as the kind and size of soil particle 
aggregation. Special note should be 
made of horizons "with the following: 

(a) Fine granular structure (granules 
about the size of bird shot or smaller). 

(b) Coarse granular structure (gran- 
ules ranging up to I in. or more in diam- 
eter and usually more angular or 
irregular in shape than the granules 
making up the fine granular structure). 

(c) Layered or platey structure, in 
which the material splits into thin plates 
(not to be confused with stratification). 

(d) Buckshot structure, in which the 
soil on drying breaks up into angular 
fragments (found to characterize heavy 
clays usually having a considerable per- 
centage of lime). 

(e) Single-grain structure in which the 
material is like flour or sand with no 
aggregation of particles. 

9. Consistency. — A determination 

should be made of the successive layers 
or horizons differing in consistency 
(stickiness, friability, plasticity). A de- 
scription of each should be given and its 
thickness noted. 

10. Compactness. — The relative com- 
pactness of the several layers should be 
determined, as measured by the degree 
of resistance to the penetration of a 
pointed instrument. 

11. Cementation. — It should be deter- 
mined whether or not resistance to pene- 
tration is due in any horizon to cementa- 
tion. If so, the probable cementing 
material (light colored or reddish, very 
strongly cemented or weakly cemented) 
should be ascertained. 

12. Chemical Composition.-— {a) While 
the determination of the chemical com- 
position of the various parts of the soil 
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section or profile can not be performed 
in the field by the usual field methods, 
there are certain features that may be 
determined in at least a qualitative way. 
Field examination can detect the pres- 
ence of horizons with concentrations of 
organic matter or of salts of the alkalies 
and alkaline earths. 

(b) The organic matter referred to in 
Paragraph (a) is that contained in the 
soil and not that lying on the soil. Of 
this there are two kinds to be looked for: 
namely, 

(1) The organic matter in the surface 
soil is recognized by the dark color, and 
the approximate relative percentage 
present is indicated by the intensity of 
the dark color. The determination of 
the thickness of the dark-colored layer in 
the virgin soil is very important. 

(2) In some soils, usually confined to 
regions with a cool, moist climate, there 
is present, at a depth ranging from 6 in. 
or less to somewhat more than a foot, a 
layer of brown or coffee-brown organic 
matter forming a layer 6 or 8 in. in 
thickness. 

(c) The salts of the alkalies and alka- 
line earths accumulate in the soil under 
favorable conditions. Alkaline deposits 
are commonly found in semiarid and 
desert regions where the rainfall is insuffi- 
cient to remove these salts from the soil. 
In these areas the location and extent of 
all such deposits shall be carefully noted. 

(d) Horizons of lime carbonate ac- 
cumulation may be readily identified and 
should be looked for where the rainfall 
is less than 17 to 18 in. per year in cool 
to cold climates and 30 in. per year in 
hot or very warm climates. The un- 
weathered material beneath the soil in 
any region, arid, subhumid, or humid 
may have a high percentage of Ume 
carbonate, but such material should not 
be confused with the horizon of true 
lime carbonate accumulation. 

(e) Sesquioxides accumulate in the 
soil under favorable conditions. Since 


accumulations of aluminum hydroxide 
are not readily identified by the usual 
field methods these may be left out of 
consideration. Accumulations of iron 
oxides are, however, important to con- 
sider. 

(/) Iron oxides occur in two forms; 
first form consists of accumulations of 
finely divided or colloidal iron oxide 
(hydroxide). The degree of concentra- 
tion may be determined, within a rather 
wide range of error, by the intensity of 
the red color. The existence of red 
horizons in the soil profile should be 
noted and should be illustrated with 
samples, even though they be small. 
The second type consists of accumula- 
tions of ii'on oxide concretions or large 
masses, usually porous or slaglilce. This 
statement does not refer to iron-stone 
slabs or ferruginous sandstone layers 
which may be found in many places in 
the parent geological formations. In 
hot countries the accumulations referred 
to here take the form of thick masses of 
porous slaglike iron oxide lying at 
depths ranging from somewhat less than 
3 to more than 15 ft. They may consist 
of fragments scattered over the surface. 

Selection of Samples 

13. A 5-lb. sample of soil from each 
layer shall be obtained with pick and 
shovel from the exposed back slopes or 
from test pits dug at locations indicated 
by the borings. Each sample shall be 
placed in a canvas bag, tied securely, 
marked with proper identification, and 
shipped to the laboratory. A sufficient 
number of samples shall be taken to 
determine the range in test results for 
what appears to be the same layer. 

Mapping the Soil Profile 

14. The detailed mapping of soil pro- 
files shall be accomplished in the fol- 
lowing manner: 

(a) Vertical soil sections shall be ex- 
amined at frequent intervals and clas- 
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sified into layers according to the method 
described above. 

(b) The limits of the various layers 
shall be plotted as shown in Fig. 2 (a), 
alternate numbers being used to indicate 
the layers. Thus at test hole No. 1, the 
consecutive layers are numbered 1, 3, 5, 
etc., so as to allow the inclusion of any 
other layer which might enter the profile 
within the section mapped. At test 
hole No. 4, layer 2 is mapped between 
layers 1 and 3. This requires the ex- 


selected, the survey shall be carried 
out as follows: 

(a) The section shall be staked out, 
the original construction stations being 
used if possible. Arbitrary stations will 
serve the purpose when it is not con- 
venient to locate original stations. 

{b) Cross-sections shall be taken every 
50 ft. along the center line or oftener if 
topography requires, and for a distance 
150 ft. on each side of the center line. 
Elevations shall be obtained with an 
engineer’s level to the nearest 0.1 ft. 



A 




Fig. 2. — Example of Soil Profile Map. 

Scales (approximate due to reductions in reproduction) ; 

Horizontal 3 in. = 50 it. 

Vertical fin. = Sit. 


amination of another test hole (No. 5), or 
perhaps several, between Nos. 3 and 4, 
to determine the horizontal limits of 
layer 2. 

(c) The profile shall be completed by 
connecting the points marking the limits 
of the layers as shown in Fig. 2 (&). 

Subgrade Survey to Obtain 

Ineormation Regarding Roads 
IN Service 
Subgrade Survey 

15 The section for study having been 


The accuracy of an engineer’s level is 
necessary for the construction of center- 
line and bank-line profiles, but a hand 
level is sufldciently accurate for the 
topography adjacent to the highway. 
An assumed elevation may be used as a 
bench mark. 

(c) A plan of the roadway shall be 
drawn to a scale of 50 ft. to the inch, 
showing the type of pavement, type of 
failure, portion of roadway which is 
built over an older road, if any, and any 
special construction. 
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(d) Cross-section notes shall be plot- 
ted to the same scale as the plan of 
roadway and contours drawn in by 
interpolation. 

(e) The bank-line profiles shall be 
drawm on the cross-section paper using 
a horizontal scale of 50 ft. to the inch 
and a vertical scale of 5 ft. to the inch. 
The center line profile and the grade line 
of the pre-existing road, if any, shall be 
projected upon the bank-line profiles. 

Examining and Mapping Soil Profile 

16. The soils shall be mapped and the 
profiles plotted according to the pro- 
cedure outlined in Section 14. The de- 
sired information may be conveniently 
obtained and recorded in the following 
manner: 

(a) Scrape down the back slopes so 
that the original undisturbed material 
is exposed and plot the limits of the 
various layers on the prepared profile 
sheets. Supplement this work by soil 
auger borings so that a profile is ob- 
tained to a depth of at least 3 to 5 ft. 
below the center-line grade. The depth 
will vary with the uniformity of the soil 
layers or soil material. Any variations 
in moisture content should be specially 
noted. Obtain the elevations of the 
limits of the different layers in the ex- 
posed back slopes by means of a hand 
level, the elevation of the center line 
being used as a bench mark. 

(b) In a separate notebook describe 
each layer in detail according to the 
properties enumerated in Sections 6 to 
12, inclusive, recording also the relative 
imperviousness or porosity of the in- 
dividual layers. 

(c) Examine the soil every 50 ft. or 
less, depending on the uniformity of the 
profile (see Section 14). 

(d) On the plan of the roadway plot 
the limits of the various soil layers found 
directly under the surfacing material. 
When the roadway is cut through uni- 


form layers of soil material, the limits 
are obtained by constructing cross- 
sections from the bank-line profiles. 
When the roadway is constructed of fill 
material or cut through a heterogeneous 
soil material, the limits are determined 
by soil auger borings along the centerline 
of the roadway; or if a permanent pave- 
ment is in place by boring or trenching 
immediately adjacent to the pavement 
edge. 

Selection of Samples 

17. Adequate samples shall be secured 
as described in Section 13. 

Photographs of Road Surfaces 

18. Photographs shall be taken il- 
lustrating the condition of the pavement, 
the shoulders, the back slopes, the 
ditches, and the appearance of the soil 
layers. 

Analysis of Data 

19. The data collected in the manner 
described above shall be analyzed, to- 
gether with the laboratory test results, 
and information on the following sub- 
jects developed: 

(o) The relation that exists between 
the pavement condition, the field char- 
acteristics of the soil, and the physical 
properties of the soil as determined in 
the laboratory. 

(b) The possible reasons for pavement 
failure. 

(c) Possible curative measures for the 
case under examination. 

(d) Preventive measures which may 
be applied in the future. 

SxJBGRADE Survey to Obtain Infor- 
mation WITH Respect to the 
Design of a New Road 

Study of Soil Information and Pre“ 

liminary Survey 

20.. Before starting a subgrade survey 
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of this kind the engineer should make a 
study of all the existing information on 
the soil types in that vicinity. Wher- 
ever soil maps prepared by the Soil 
Survey Section of the Bureau of Plant 
Industry, U. S. Department of Agri- 
culture, are available they should be 
carefully studied and the limits of 
the various soil types and their char- 
acteristics should be noted. It must be 
kept in mind that the detail to which 
such maps are carried is not particularly 
adapted to a subgrade survey. Never- 
theless, they give a clear idea of the 
variations which will be encountered. 
Where this information is not available, 
a reconnaissance survey should be made 
of the soil materials on existing high- 
ways which parallel the new highw’ay'’, 
noting the changes in soil as shown in 
exposed cuts. The notes should include 
a complete description of each soil type. 
The value of the information obtained 
from this rough survey lies in the fact 
that similar soil conditions may be ex- 
pected to accompany similar topographic 
features. 

Subgrade Survey 

21. After this information has been 
digested the survey shall proceed in 
accordance with the following Sections 
22 to 26. The profile of the ground 
line and the proposed grade line shall be 
constructed on the same type of sheet as 
was specified for subgrade surveys of 
existing roads in service as described in 
Sections 15 and 16. 

Mapping and Sampling Soil Profile 

22. Borings shall be made with a soil 
auger at frequent intervals and each 
soil type classified into layers, as de- 
scribed in Sections 4 to 14. 

(a) Spacing of Barings.— The spacing 
of borings should vary with the uni- 
formity of the profile and the topography. 
A convenient interval, such as the even 


stations, may be assumed at the begin- 
ning. This interval may be varied 
under the following conditions: (i) If 
the profile is uniform, the interval may 
be increased; (2) When the character of 
the profile changes, intermediate borings 
should be made until it is clear that all 
variations have been mapped; (5) Where 
topography is rolling and grade changes 
rapidly from cut to fill, borings are neces- 
sary only in the cuts; (4) Wiiere the 
original ground line or old road grade is 
to be covered with fill material, no 
examination is necessary'- except to deter- 
mine the character of the support. If 
the fill material is to be obtained from 
borrow ditches along the road, the soil 
should be examined to the entire depth 
of the borrow. 

(b) Depth of Borings . — The borings 
should generally be carried to a depth of 
at least 3 ft. below the grade line. The 
depth may’- vary in accordance with the 
following stipulations: (i) When the 
road lies within the uniform layers of 
the soil j)rofile, the boring should ex- 
tend down to the first layer below the 
ditch line which would block percolation, 
or through a pervious layer which would 
carry water; (2) When fill material is to 
be borrowed from ditches alongside the 
road, the boring should extend at least 
to the estimated depth of borrow; (3) 
In the study of frost action the borings 
should extend to the mean depth of frost 
in those soil materials showing a high 
affinity for frost accumulation and in 
localities where high water tables prevail. 

(c) When the located line is over an 
old road, the soils may be mapped by 
examining the exposed cuts. This work 
should be supplemented by borings. 

{d) A notation shall be made of the 
direction of surface drainage with respect 
to the proposed roadway. 

Mapping Soil Profile 

23. The data obtained from the 



-Typical Subgrade Survey Sheet for a Road in Service. 
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borings shall be plotted on the prepared 
profile sheet. On this sheet shall also 
be indicated the limits of the several 
types and layers, the relative moisture 
content at various depths, and the 
location of culverts and drains. 

Examination of Soil Section 

24. In a separate notebook the field 
characteristics of each layer shall be 
described according to the properties 
enumerated in Sections 6 to 12, in- 
clusive. The relative imperviousness or 
porosity of each layer shall also be 
indicated. 


Selection of Samples 

25. Adequate samples shall be ob- 
tained as described in Section 13. 

Analysis of Data 

26. (a) Recommendations regarding 
the design of the road surface shall be 
made on the basis of the known behavior 
of pavements for which the conditions of 
soil, climate, and topography are similar. 

(b) After the road is graded a final 
check shall be made on the soil as ex- 
posed by grading operations. 

(c) Typical subgrade survey sheets 
are shown in Figs. 3 and 4. 
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A.S.T.M. Designation : D 698 - 42 T 
Issued, 1942.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test is intended for 
determining the relationship between 
the moisture content of sods and re- 
sulting densities (oven-dry weight per 
cubic foot) when the soil is compacted in 
the laboratory as specified herein. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(o) Mold . — A cylindrical metal mold 
having a capacity of -jfo- cu. ft. with an 
internal diameter of 4.0 in. and a height 
of approximately 4.6 in., which has a 
detachable collar assembly approxi- 
mately 2| in. in height, to permit pre- 
paring compacted specimens of soil- 
water mixtures 4.0 in. in diameter and 
approximately 4.6 in. in height which 
have a volume of cu. ft. The mold 
and collar shall be fastened to a detach- 
able base. (See Fig. 1.) 

(b) Rammer . — A metal rammer hav- 
ing a 2-in. diameter circular face and 

1 Under the standardization procedure of the Society, 
this method is under the joint j'urisdiction of A.S.T.M. 
Committee D-18 on Soils for Engineering Purposes and 
Committee I)-4 on Road and Paving Materials. 

2 Accepted by Committee E-10 on Standards, Septem- 
ber 17, 1942. 


weighing 5.5 lb. The rammer shall be 
equipped with a suitable arrangement to 
control the specified drop. 

(c) Sleeve . — A closed cylindrical sleeve 
slightly less than 4.0 in. in diameter, or 
similar device, for removing compacted 
specimens from the mold. 

(d) Balances . — A balance or scale of 
25-lb. capacity sensitive to 0.01 lb., and 
a 100-g. capacity balance sensitive to 
0.1 g. 

(e) Drying Oven . — A thermostatically 
controlled drying oven capable of main- 
taining temperatures of about 110 C. 
(230 F.) for drying moisture samples. 

(f) Straightedge. — A steel straightedge 
12 in. in length. 

Sample 

3. A 6-lb. sample of soil taken from a 
portion of the material passing tlie No. 
4 (4760-micron) sieve shall be air-dried 
to a slightly damp condition. 

Procedure 

4. {a) The 6-lb. sample shall be thor- 
oughly mixed, then compacted in the 
cylinder (with the extension attached) 
in three equal layers, each layer receiv- 
ing 25 blows from the rammer dropping 
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free from a height of 12 in. above the 
elevation of each finally compacted layer. 
During compactionj the mold shall rest 
on a uniform, rigid foundation weighing 
200 lb. or of equivalent rigidity. The 
blows shall be uniformly distributed over 
the surface of the layer being compacted. 
The extension shall then be removed and 
the compacted soil carefully trimmed 
even with the top of the cylinder by 
means of the straightedge, and weighed. 

(b) The weight of the compacted 
sample and cylinder, minus die weight of 
the cylinder, shall then be multiplied by 
30 and the result recorded as the wet 
weight per cubic foot of the compacted 
soil. 



(c) The material shall be removed 
from the cylinder and sliced vertically 
through the center. At least a 100-g. 
sample shall be taken from the center, 
weighed immediately, and dried in an 
oven at 110 C. (230 F.) for at least 12 
hr. or to constant weight to determine 
the moisture content. 

(d) The remainder of the material 
shall be broken up until it wiU pass a 
No. 4 (4760-micron) sieve. Water in 
sufficient amounts to increase the mois- 


ture content of the soil sample by ap- 
proximately 1 per cent shall be added 
and the above procedure repeated for 
each increment of water added. This 
series of determinations shall be con- 
tinued until the soil becomes very wet 
or there is a substantial decrease in the 
wet weight of the compacted soil. 

Calculations 

5. The moisture content and the dry 
weight of the soil as compacted shall be 
calculated as follows: 

u = X 100 


where: 

M — percentage of moisture in the 
specimen, 

A = weight of dish and wet soil, 

B = weight of dish and dried soil, 

C = weight of dish, 

W = dry weight per cubic foot of 
compacted soil, and 
W I = wet weight in pounds per cubic 
foot. 

Moisture-Density Relationship 

6. (a) The calculations in Section 5 
shall be made to determine the moisture 
content and corresponding compacted 
oven-dry weight (density) of the com- 
pacted soil for each test made. The 
oven-dry weight per cubic foot (density) 
of the soil shall be plotted as ordinates 
and corresponding moisture contents 
as abscissas. 

(b) Optimum Moisture Content . — 
When the moisture-density relations 
have been determined for a soil and the 
results plotted as indicated in Paragraph 
(a), it will be found Ihat by connecting 
the plotted points with a smooth line, a 
curve is produced which is, generally, 
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parabolic in form. The moisture con- (c) Maximum Density . — ^The oven- 
tent producing the peak of the curve dry weight per cubic foot of the soil at 
shall be termed the “optimum moisture “optimum moisture content” shall be 
content” of the soil under the above termed “maximum density” under the 
compaction. above compaction. 



Tentative Method oj Test for 

CEMENT CONTENT OF SOIL-CEMENT MIXTURES' 



A.S.T.M. Designation: D 806 - 44 T 
Issued, 1944.* 

This Tentative Standard of the American Society for Testing Materials^ is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method covers a procedure 
for determining by chemical analysis the 
cement content of soil-cement mixtures, 
sampled from a project under construc- 
tion or after completion. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(а) Analytical Balance. — An analyti- 
cal balance with class S weights. 

(б) Filler Paper. — Filter paper in- 
cluding Whatman No. 1, 11 and 15 cm. 
in diameter; WTatman No. 41, 15 cm. 
ill diameter; and Whatman No. 2, 11 or 
15 cm. in diameter. 

(c) Miscellaneous Apparatus. — Sup- 
plementary equipment, such as electric 
ovens, hot plates, a small riffle, a No. 40 
(840-micron) sieve with bottom pan and 
cover, a cast iron mortar and pestle, 
and a ball mill if possible. 

Reagent 

3. Standard Potassium Permangan- 

lUiider the standardization procedure of the Society, 
this method is under the joint jurisdiction of A.AT.M. 
Committee 13-4 on Road and Paving Materials and Com- 
mittee D-18 on Soils for Engineering Purposes, 

2 Accepted by Committee E-10 on Standards, August, 
28.1944. . 


ale Solution (0.1 N). — Prepare and 
standardize a 0.1 N KMnOi solution. 

Note. — ^The use of a standard 0.1 N KMnOi 
solution is not necessary when the samples are 
titrated in accordance with Section 5 (j) and 
the results are calculated in accordance with 
Section 6 (&). 

Samples 

4. (a) Samples of the following shall 
be selected for the test: 

(1) Raw Soil, representative of the 
soil phase of the soil-cement mixture, 

(2) Cement, representative of the ce- 
ment phase of the soil-cement mixture, 
and 

(J) Soil-Cement Mixture to be ana- 
lyzed. 

(h) The gross laboratory sample of 
each component shall be approximately 
200 g. This may be obtained by reduc- 
ing the field sample in bulk and, if 
necessary, in particle size through the 
use of drying, riffling, and grinding 
processes. 

Procedure ® 

5. (a) Dry 25 g. of each of the sam- 
ples in an oven to constant weight at 
110 C. (230 F.) to remove free moisture. 



‘I^ST EOS, CEMENi CONTENT OE Soil-Cement MiXTeees (D 806 ~44 T) 1403 


Reduce the samples to pass a No. 40 
(840-micron) sieve. 

Q}) Weigh out, on the analytical bal- 
ance, the following amounts of the 
samples: raw soil, S g.; soil-cement mix- 
ture, 5 g.; cement, 1 g. Place each of 
the weighed samples in a 250-ml. beaker. 
Add 50 ml. of HCl (1:1) (Note 1) to 
each sample, cover, and boil gently for 
5 min. on the hot plate. 

Note 1. — In the case of the cement sample, 
it is usually preferable first to add 40 ml. of 
water and then stir to obtain a thorough mix- 
ture. Then add 10 ml. of HCl (sp. gr. 1.18) 
and boil gently just long enough to obtain de- 
composition of the cement. Vigorous or ex- 
tended boiling of soil or cement samples is sel- 
dom necessary, and often results in much slower 
filtration. 

(c) Add 25 ml. of hot water to the 
beakers, stir, allow to settle momentarily, 
and then decant the contents through a 
Whatman No. 1 filter pajaer (Note 2), 
preferably 15 cm. in diameter. The 
filtrate should be received in a 250-ml 
volumetric flask. When the liquid has 
passed through the filter paper, wash the 
residue once by decantation, using hot 
water; then transfer it to the filter, using 
a stream of hot water. The beaker 
should be rapidly policed, the loosened 
material being transferred to the filter 
paper. The material on the filter should 
then be washed an additional four times, 
each washing consisting of 10 to 15 ml. 
of hot water directed in a stream from 
the wash bottle. Very small amounts 
of residue will occasionally pass through 
the filter. These ordinarily may be 
disregarded. 

Note 2. — In the ease of the soil and soil- 
cement samples, the bulk of the residue some- 
times slows filtration appreciably. No difficulty 
is usually encountered from cement samples, 

, and, as a rule, soil samples may be filtered and 
washed in less than ,|0 'min. Some soil-cement 
mixtures require more time, but, if this period 
exceeds 1 hr., slibsequent filtration in similar 
cases may be more rapid if a No. 41 paper is 


substituted for the No. 1 paper. Slow filtra- 
tion in such cases is generally caused by excessive 
boiling, resulting in gelation of the silica, which 
materially retards filtration. 

(d) When washing has been com- 
pleted, discard the filter, and dilute the 
filtrate in the volumetric flask to 250 ml. 
with cold water. The temperature of 
the solution should be near the calibra- 
tion point of the flask. Agitate the flask 
to mix the contents thoroughly, then 
remove a 50-ml. alicpiot and transfer to 
the original 250-ml. beaker (Paragraph 
(&)), using a 50-ml. pipette. Dilute to 
100 ml. Make the solution slightly 
ammoniacal (Note 3), boil 1 to 2 min., 
and allow the hydroxides to settle. 

Note 3. — If the samples contain ferrous iron 
it is desirable to add a few drops of HNOs 
before precipitation of the hydroxides, 

(e) Filter the hydroxides through an 
11-cni. Whatman No. 1 (or No. 41) 
filter paper, receiving the filtrate in the 
600-mi, beaker. Wash the original 250- 
nil. beaker into the filter once with a 
stream of hot NH4NO3 (20 g. per 1), 
and follow by washing the hydroxide 
precipitate once or twice with hot 
NH4NO3 (20 g. per L). Set the filtrate 
aside, and place the original beaker 
under the funnel. Perforate the paper 
with a rod (Note 4), and wash the 
hydroxides down into the original beaker, 
using a stream of hot NH4NO3 (20 g. 
per 1.) to remove most of the precipitate 
from the filter paper. Treat the paper 
with 20 ml of hot HCl (1:3), directing 
the acid over the paper with a glass rod. 
Wash the paper several times with hot 
water, and then discard the paper. 
Dilute the solution to 75 ml. 

Note 4. — ^Instead of perforating the filter 
paper, the paper and precipitate may he trans- 
ferred to the original beaker, the hydroxides 
dissolved with 20 ml. of hot HCl (1:3) and di- 
luted to 75 ml. with water, and the procedure 
continued as described in Paragraph (/), In 
this case, the reprecipitated hydroxides and 
pulp are subsequently removed simultaneously. 
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(/) Make the solution slightly am- 
moniacal and boil 1 to 2 min. Allow the 
precipitate to settle, then decant through 
a Whatman No. 1 paper as before, re- 
ceiving the filtrate in the 600-ml. beaker 
previously set aside (Paragraph (c)). 
Wash and police the beaker in which 
precipitation took place, finally washing 
the precipitate on the filter three or four 
times with NH4NO3 (20 g. per 1.). 
Discard the hydroxide precipitate. Add 
2 ml. of NH4OH (sp. gr. 0.90) to the 
filtrate, which will now have a volume of 
250 to 350 ml. Heat the solution to 
boiling and add 10 ml. of hot saturated 
ammonium oxalate solution. Keep the 
mixture near boiling until the precipitate 
becomes granular, then set aside on a 
warm hot plate for 30 min. or more. 
Before filtering off the calcium oxalate, 
verify completeness of precipitation, and 
make sure that a slight excess of NPLiOH 
is present. Filter the mixture through 
an 11-cm. or 15-cm. Whatman No. 2 
filter paper, or if preferred a Whatman 
No. 42 paper, making sure that all the 
precipitate is being retained. Thor- 
oughly clean with a rubber policeman 
the beaker in which precipitation took 
place, and transfer the contents to the 
filter with a stream of hot water. Wash 
the filter eight to ten times with hot 
water (not over 75 ml) (Note 5) using 
a stream from the wash bottle. 

Note 5. — The filter may be washed four times 
each with NtfiOH (2:98) and hot water, in the 
order stated. 

(g) Transfer the filter paper and 
contents to a 400-ml. beaker containing 
125 ml. of water and 6 ml. of H2SO4 
(sp. gr. 1.84), If preferred, the preci- 
pitate may be removed from the paper 
by suitable means. Complete the de- 
termination in accordance with Para- 
graphs {h) and (i) or Paragraph (j). 

{h) Heat the solution to 85 C. and 
titrate with standard 0.1 N KMn04. 


{i) Blank,— M.'&ke. a blank determina- 
tion, following the same procedure and 
using the same amounts of all reagents. 

(y) Aliernalive Titration Procedure . — • 
Heat the solution to 85 C. and titrate 
as described in Paragraph (A), except 
that the KMn04 solution need not be 
a standard 0.1 N solution but the same 
solution shall be used in titrating all the 
components. Omit the blank determin- 
ation described in Paragraph (i). 

Calculations 

6. Calculate the cement content of 
the soil-cement mixture as follows: 

(a) When the determination has been 
completed in accordance with Section 5 
(A) and (i): 

{!) Calculate the percentages of CaO 
in the soil, the cement, and the soil- 
cement mixture as follows; 


CaO, per cent 


U - B)C X 0.0028 
D 


X 100 


where: 

A ~ milliliters of KMn04 solution re- 
quired for titration of the sam- 
ple, 

B = milliliters of KMn04 solution re- 
quired for titration of the blank, 
C — normality of the KMn04 solution, 
D = grams of sample represented by the 
aliquot titrated (Note 1), and 
0.0028 = CaO equivalent of 1 ml. of 0.1 
N KMn04. 

(2) Calculate the percentage by 
weight of cement in the soil-cement 
mixture as follows (Note 2) : 

G - F 

Cement, per cent = X 100 

where: 

E — percentage of CaO in cement, 

F = percentage of Cat) in raw soil, and 
G = percentage of CaO in soil-cement 
mixture. 
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Note 1. — ^The aliquots titrated are equiva- 
lent to 1 g. of soil or soil-cement and 0.2 g. of 
cement. 

Note 2. — When hydrated soil-cement mix- 
tures are being analyzed, the value for percentage 
by weight of cement obtained in accordance 
with Section 6 (a) or (b) is in terms of hydrated 
cement. Such values may be converted to an 
approximate equivalent of dry cement by multi- 
plying them by the factor 1.04. 

(d) When the determination has been 
completed in accordance with Section 5 
(j), calculate the percentage by weight 
of cement in the soil-cement mixture as 
follows (Note 2); 


Cement, per cent == ■— — X 100 

where: 

H = milliliters of KMn 04 solution re- 
quired for titration of the sample 
of cement, 

I — millihters of KMn 04 solution re- 
quired for titration of the sample 
of raw soil, and 

J — milliliters of KMn 04 solution re- 
quired for titration of the sample 
of soil-cement mixture. 


Tentative DeJinitio?is oj 

TERMS AND SYMBOLS RELATING TO SOIL MECHANICS^ 



A.S.T.M. Designation: D 653 -42 T 
Issued, 1942.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 

Part I. — Symbols and Terms Relating to Soil Mechanics. 


Symbol Term 

A Area (11)=' 

Compressibility, coefficient of (V) 

1) Breadth, or width (II) 

C Cohesion, resultant or total (IV, E) 

Ca Compression index (V) 

Cs Swelling inde.x (V) 

Cu Uniformity coefficient (Hazen) (III) 

c Cohesion per unit area (IV, E) 

Ct Consolidation, coefficient of (V) 

D Diameter, or grain diameter, (II, III) 

Dio Effective size (Hazen) (III) 

Dd Density, degree of, or compaction, 

degi'ee of (III) 

E Modulus of elasticity (IV, D) 

e Base of natural logarithms, or void 

ratio (II, III) 

Cc Void ratio, critical (III) 

Co Void ratio at pressure po on the 

compression curve (V) 

Cf Flocculation ratio (III) 

Cs Void ratio at pressure po on the 

swelling curve (V) 

F Force, total internal (IV, A) 

Fn Normal component of F (IV, A) 

1 Under the Standardization procedure of the Society, 
these definitions are under the jurisdiction of the A.S.T.M. 
Committee D-18 on Soils for Engineering Purposes, 

= Accepted by Committee E-10 on Standards, May 20, 
1942. 

3 The boldface roman numerals in parentheses indicate 
that a further definition of the symbol and term appears 
in a later part, that is, in Parts II to V, which cover sep- 
arate classifications of the terms as to properties. 


Ft Tangential (shearing) component of 
F (IV, A) 

/ Force per unit area, or stress per unit 
area, internal (IV, A) 
fn Normal component of / (IV, A) 
ft Tangential (shearing) component of 

/(IV, A) 

F Effective force, total internal (IV, A) 
Fn Normal component of P (IV, A) 

Ft Tangential (shearing) component of 

P (IV, A) 

/ Effective force per unit area, or 
effective stress per unit area, 
internal (IV, A) 

fn Normal component of / (IV, A) 
ft Tangential (shearing) component of 

/ (IV, A) 

G Specific gravity (III) 

g Acceleration of gravity (II) 

H Depth, height, thickness (II) 

Hs Reduced height (II) 

I Modulus of incompressibility (IV, D) 

Tc Consistency index (III) 

If Flow index (III) 

Ip Plasticity index j(III) 

lit Remolding index (IH) 

It Toughness index (Ilf) 

Moisture index (III) 
i Hydraulic gradient (11) 
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/ Seepage force, resultant (II) 

j Seepage force per unit volume (II) 

K Hydrostatic pressure ratio (III) 

k Permeability, coeflkient of (III) 

L Distance, or length (II) 

Le Lineal expansion (III) 

Lle Lineal expansion limit (III) 

Lls Lineal shrinkage limit (III) 

Ls Lineal shrinkage (III) 

m Perimeter shear (IV, E) 

n Porosity, or developed pressure (II; 

III; IV, E) 

P Force, total, or load, total (IV, B) 

Pa Earth pressure, total active (IV, B) 
Pp Earth pressure, total passive (IV, B) 
p Force per unit area, or load per unit 
area (IV, B) 

(} Discharge, rate of, or resistance, 
total or resultant (11; IV, E) 
q Discharge, rate of per unit length or 
per unit area, or resistance per unit 
area or length (II ; IV, E) 
qo Ultimate bearing capacity per unit 
area at ground surface (IV) 
qr Compressive strength per unit area 
(triaxial) (IV, E) 

qs Shear strength per unit area (IV, E) 
qu Compressive strength per unit area 
(unconfined test )(IV, E) 

R Reading (II) 

Rs Shrinkage ratio (III) 

r Radius (II) 

5 Hydraulic gradient; or saturation, 

degree of (III) 
s Shear strength per unit area (II; 

IV, E) 

T Temperature (II) 

Tv Time factor (V) 

t Time (II) 

IJ Neutral force (V) 

U% Consolidation, percentage of (V) 

u Hydrostatic excess pressure (V) 

Uw Neutral pressure per unit area (V) 

Uz liydrostatic pressure (V) 

V Volume (11) 

Vs Volumetric shrinkage (III) 

VsL Volumetric shrinkage limit (11 ) 

V Velocity (II) 

IV Weight, or lo?id, total (II; IV, B) 

W% Percentage finer matter in mechanical 
analysis plot (III) 


w Water content (moisture content) 

(III) 

lifcme Centrifuge moisture equivalent (HI) 

Wf Flocculation limit (III) 

K'/me Field moisture equivalent (II ) 

wi Liquid limit (III) 

K'o Water content, optimum (III) 

Wp Plastic limit (III) 

Ws Shrinkage limit (ill) 

a Angle (II) 

|3 Angle (11) 

T Unit weight (III) 

jw Unit weight of water, equal to 1 in the 

metric system 

5 Displacement, or deformation, total 

(see also p) (IV, C) 

y 

5i,> Components of 5 (IV, C) 

e Base of natural logarithms, or de- 

formation per unit length, or strain 
(II; IV, C) 

f Component of p in s direction (IV, C) 

1 ) Component of p in y direction (11; 

IV, C) 

0 Angle (II) 

M Coefiicient of absolute viscosity 

u Coefficient of kinematic viscosity, or 

concentration factor (11; IV, A) 

^ Component of p in x direction (IV, C) 
Displacement, or deformation, total 
(see also 3) (IV, C) 

Components of p (IV, C) 

Normal component of internal force 
per unit area (nonnal component 
of stress) (IV, A) 

Normal component of effective in- 
ternal force per unit area (normal 
component of stress) (IV, A) 
Tangential component of internal 
force per unit area (tangential com- 
ponent of stress) (IV, A) 
Tangential component of effective 
internal force per unit area (tan- 
gential component of effective 
stress) (IV, A) 

(|^ Angle of internal friction (HI) 

p Angle (11) 
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Greek Alphabet 


A a 

alpha 


eta 

B|3 

beta 


theta 

r7 

gamma 

It 

iota 

AS 

delta 

Kk 

kappa 

Ee 

epsilon 

AX 

lambda 


zeta 

Mm 

mu 


Nv 

nu 

T T 

tau 


xi 

T V 

upsilon 

Oo 

omicron 

# (f)<p 

phi 

Htt 

pi 

Xx 

chi 

Pp 

rho 


psi 

2 ffs 

sigma 

12 w 

omega 


Part II. — General Terms. 


Acceleration of Gravity, g. 

Angie, a, /3, Q, p . — Angles are generally best 
designated by Greek letters. These four 
letters have no specific application in this 
list, and are therefore convenient for 
designating angles. 

Area, A. 

Base of Natural Logarithms, e or e. — ^The 
symbol, e, is preferred, but where its use 
might cause confusion with its use 
designating void ratio the symbol, e, 
should be used. 

Breadth, b. 

Coefficient of Absolute Viscosity, ju. 

Coefficient of Dynamic Viscosity, v. — De- 
fined by the equation v - where 7 / = 
7/ 

the unit weight of the fluid in question. 

Depth, E. 

Diameter, D. 

Discharge, Rate of, Q. — In soil mechanics 
literature this usually refers to the rate at 
which water is discharged through a given 
area of soil. Dimensionally, Q — 
volume/time. In Darcy’s familiar equa- 
tion for laminar flow Q = kSA. 

Discharge, Rate of per Unit Length or per 
Unit Area, q. — Dimensionally, q == 
volume/(time X area), ox q = volume/ 
(time X length). In Darcy’s equation 
as used above q = kS. 

Distance, L. 

Height, E. 

Hydraulic Gradient, S or i. — The symbol, 
S, is preferred because of its widespread 


use in literature on hydraulics. The 
symbol, i, is included because it has been 
almost exclusively used to designate 
hydraulic gradient in soil mechanics 
literature. 

Length, L. 

Radius, r. 

Reading, R , — For example, reading of a 
deflection dial, hydrometer, and similar 
apparatus. 

Reduced Height, E ^. — ^The volume of the 
solid particles in a given soil mass divided 
by the cross-sectional area of the mass. 
Usually applied to a soil stratum where it 
represents the thickness or height which 
the stratum would have if its void ratio 
were zero. Expressed by the equation 

~ 77~, — t • Note that in consolidation 
(1 -he) 

calculations the height and reduced height 
of a stratum draining at both faces are 
generally designated by and 2 Es, 
respectively. 

Seepage Force, Resultant, /. 

Seepage Force per Unit Volume, j . — Note 
that j — Sy/, where 7 /is the unit weight 
of the fluid. 

Temperature, T. 

Thickness, E. 

Time, t. 

Velocity, v. 

Volume, F. 

Weight, W. 

Width, b. 


Part III— Terms Used in the Description oe Soils and Their Properties. 

Angle of Internal Friction, 4,. be used. When, as rarely, a symbol is de- 

Centrifuge Moisture Equivalent, TOcme. — In ’ sired, Wcme should be used. The CifE 
most uses the abbreviation CME may is the water content retained by a soil 
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which has been first saturated with water 
and then subjected to a force equal to one 
thousand times the force of gravity for 
one hour. 

Compaction, Degree of, Da . — Also called 
degree of density. Defined by the 
equation: 

(Void ratio in loosest state) 

^ _ — (Void ratio of sample) 

(Void ratio in loosest state) 

— (Void ratio in densest state) 

Consistency Index, 7c. — The ratio of the 
difference between the liquid limit and the 
natural water content to the difference 
between the liquid limit and the plastic 
limit. Defined by the equation: 



Density, Degree of . — See Compaction, De- 
gree of. 

Diameter, Grain, D.-— Also called grain size, 
or particle size. The size of grain, usually 
in millimeters, as determined by sieve 
analysis or wet mechanical analysis; 
hence not a true grain size except for 
spherical grains. 

Effective Size (Hazen), Ao-— The grain 
size on a mechanical analysis curve corre- 
sponding toW % = 10. 

Equivalent Volumetric Change . — See Volu- 
metric Shrinkage Limit. 

Field Moisture Equivalent, w/me- — In most 
uses the abbreviation FME may be 
used. When, as rarely, a symbol is desired 
Wfme should be used. The FME is the 
minimum water content at which a drop of 
water placed on a smoothed surface of a 
soil wiU not immediately be absorbed by 
the soil but will spread over the surface 
and give it a .shiny appearance. 

Flocculation Limit, Wf . — The water content 
of a soil when it is in the condition of a 
deflocculated sediment. 

Flocculation Ratio, ej . — The void ratio of 
a soil when it is in the condition of a 
deflocculated sediment. 

Flow Index, If. — ^T4ie slope of the flow 
curve. The flow curve is the locus of 
points obtained from a standard liquid 
limit test and plotted on a graph repre- 


senting water content as ordinates on an 
arithmetic scale and number of blows as 
abscissas on a logarithmic scale. Thus 
the flow index is numerically equal to the 
difierence between the water content at 
10 and at 100 blows, or at 1 and at 10 blows. 

Hydrostatic Pressure Ratio, K. — A term 
used in earth pressure computations to 
represent the ratio between the normal 
component of pressure at a point on a 
given plane and the pressure which would 
exist at the same point in a liquid of the 
same unit weight. Thus: pn — KymH. 

Lineal Expansion, Le - — The increase in one 
dimension, expressed as a percentage of 
that dimension at the shrinkage limit, of a 
soil mass when the water content is in- 
creased from the shrinkage limit to any 
given water content. 

Lineal Expansion Limit, Lle - — The increase 
in one dimension, expressed as a per- 
centage of that dimension at the shrinkage 
limit, of a soil mass when the water 
content is increased from the shrinkage 
limit to the field moisture equivalent. 

Lineal Shrinkage, Ls . — The decrease in one 
dimension, expressed as a percentage of 
that dimension originally, of a soil mass 
when the water content is reduced from 
the original percentage to the shrinkage 
limit. 

Lineal Shrinkage Limit, Lls . — The decrease 
in one dimension, expressed as a per- 
centage of that dimension at the field 
moisture equivalent, of a soil mass when 
the water content is reduced from the 
field moisture equivalent to the shrinkage 
limit. _ 

Liquid Limit, Wz,.— In most cases the ab- 
breviation LL may be used. When, as 
rarely, a symbol is desired, wl should be 
used. The LL is the upper limit of the 
plastic state, expressed as the water 
content at which the flow curve (see Flow 
Index) intersects the “25 blows” ordinate. 

Moisture Content . — See Water Content. 

Moisture Index, 7„. — The ratio of the plas- 
ticity index to the difference between the 
natural water content and the plastic 
limit expressed by the equation : 



W — Wn 
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Percentage Finer, TF%. — ^The ordinate of the 
mechanical analysis curve, representing, 
for a given soil, the percentage of particles 
by weight having diameters smaller than 
the value of D corresponding to W%. 

Permeability, Coefficient of, k . — The dis- 
charge velocity of flow of a fluid through a 
porous mass under a unit hydraulic 
gradient. Thus in Darcy’s equation, 
F 

F = kSAt, for laminar flow, k = -r:, 
At 

where A is the gross area of the soil mass. 

Plasticity Index, Ip . — In most cases the 
abbreviation PI may be used. When, 
as rarely, a symbol is desired Ip should be 
used. The PI is the numerical differ- 
ence between the water content at the 
liquid limit and the water content at the 
plastic limit. Ip ~ ivi — Wp. 

Plastic Limit, Wp . — In most cases the ab- 
breviation PL may be used. When, as 
rarely, a symbol is desired, Wp should be 
used. The PL is the lower limit of the 
plastic state, expressed as the minimum 
water content at which a soil can be rolled 
into a thread f in. in diameter without 
crumbling. 

Porosity, n. — The ratio, expressed as a per- 
centage, of the intergranular space in a 
given soil mass to the total volume of the 
soil mass. Porosity must be clearly 
differentiated from void ratio, e. The 
relation between the two terms is ex- 
pressed by the equation: n = — : . 

(1 •+■ e) 

Remolding Index, Ir . — The ratio of the 
modulus of elasticity (or deformation) of 
a soil in the undisturbed state to the 
modulus of elasticity (or deformation) of 
the soil in the remolded state. 

Saturation, Degree of, S. — The ratio, ex- 
pressed as a percentage, of the volume of 
water in a given soil mass to the total 
volume of intergranular space (voids). 

Thus: 5 ~ X 100. 

Shrinkage Limit, iv ^. — In most cases the 
abbreviation SL may be used. When, 
as rarely, a s 3 ^mbol is desired, Wg should 
be used. The SL is the maximum water 
content at which a reduction in water 
content will not cause a decrease in 
volume of the soil mass. 


Shrinkage Ratio, i?s.~In most cases the 
abbreviation SR may be used. When, 
as rarely, a symbol is desired, Rg should 
be used. The SR is the ratio between 
a given volume change, expressed as a 
percentage of the dry volume, and the 
corresponding change in water content 
above the shrinkage limit, expressed as 
a percentage of the weight of the oven-: 
dried soil. 

Specific Gravity, G . — The ratio of the weight 
in air of a given volume of a material at 
a stated temperature to the weight in air 
of an equal volume of distilled water at a 
stated temperature, usually 4 C. 

Toughness Index, Ip . — In most cases the 
abbreviation TI may be used. When, 
as rarely, a symbol is desired, It should 
be used. The TI is the ratio of the 
plasticity index to the flow index. Thus 



Uniformity Coeflicient (Hazen), — The 

ratio of Deo to Dio as determined in a 
mechanical analysis. 

Unit Weight, y. — Weight per unit volume, as 
grams per cubic centimeters, pounds per 
cubic foot, etc. 

Void Ratio, e . — The ratio of the volume of 
intergranular space to the volume of 
solid particles in a given soil mass without 
regard to the proportions of liquid, air, 
or gas Vvdiich may occupy the space. 

Void Ratio, Critical, Cc . — The void ratio of 
a cohesionless soil at which continuous 
shearing deformation can take place 
without change in void ratio. 

Vohmetric Change . — See Volumetric 

Shrinkage. 

Volitmetric Shrinkage, Fs- — Also called 
volumetric change. The decrease in 
volume, expressed as a percentage of the 
dry volume, of a soil mass when the 
water content is reduced from a given 
percentage to the shrinkage limit. 

Volumetric Shrinkage Limit, Vsl - — The 
decrease in volume, expressed as a per- 
centage of the drj'- volume, of a soil mssa 
when the water content" is reduced from 
the field moisture equivalent to the 
shrinkage limit. 
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Water Content, w . — The ratio, expressed as 
a percentage, of the weight of water in a 
given soil mass to the weight of solid 
particles. 


Water Content, Optimnni, Wo . — ^The water 
content at which the maximum density 
is produced in a soil by a specific amount 
of compaction. 


Part IV. — Terms Relating to Stress, Strain, and Displacement. 


Section A: Internal Stresses and Forces 
Concentration Factor, v . — Factor used in 
Frolich's and Griffith’s theory of stress 
distribution, as in the equation: 


_ ^ 

“ 27rR^ 


Force, Total Internal, F . — The total force 
acting on a given area within a body or 
within a mass of earth. 

Force per Unit Area, or Stress per Unit 
Area, Internal, /. — ^The force per unit 
area or stress per unit area acting at a 
point or on a surface within a body or 
within a mass of earth. 

Effective Force, Total Internal, F . — ’The total 
force acting on the soil structure over a 
given area within a body or within a mass 
of earth, for example, F — F — U. 

Effective Force per Unit Area, or Effective 
Stress per Unit Area, Internal, /. — ^I’he 
force per unit area or stress per unit area 
acting on the soil structure at a point or 
on a surface within a body or within a 
mass of earth, for example, f = f — u. 
Normal Component of These Forces and 
Stresses, Fn, Fn,fn, or o-;/n or 5=. 
Tangential {or Shearing) Component of 
These Forces and Stresses, Ft, Ft, ft or 
t; ft or T. 

Section B: External Forces, Pressures, and 
Loads 

Earth Pressure, Total Active, Pa - — The 
total force exerted by or through a mass 
of earth against a medium of lateral 
support or against a given area thereof. 

Earth Pressure, Total Passive, Pp . — ^The 
total externally applied lateral force 
which a given mass of earth is capable of 
resisting over a given area. 

Force, Total, P.~Externally applied force. 

Force per Uni^ Area, p . — Intensity of ex- 
ternally applied force. 

Load, Total, P or Pf.— Externally applied 
load. 

Load per Unit Area, p . — Intensity of ex- 
ternally applied load. 


Section C: Strains and Displacements 

Displacement, S or p . — Translation of a 
body or mass through space. 

Deformation, Total, 5 or p. — Total deforma- 
tion of a body or mass within itself, 
usually caused by externally applied 
forces. 

Components of Displacement or Total 
Deformation. — The following are used to 
to identify components of displacement 
or total deformation: 

Components in the x-Direction, 5 * or px or 
Components in the y-Direction, Sj, or pv 
or 17. 

Components in the z-Direction, Sg or p* or 

Deformation per Unit Length, e. 

Strain, e. 

Section D: Moduli 

Modulus of Elasticity, E . — The ratio of 
stress to strain for a given material under 
given load conditions. Subscripts may 
be used to differentiate moduli under 
different load conditions. 

Modulus of Incompressibility, /. — The ratio 
of the developed pressure to the volume 
change in a soil mass of unit volume. 

Section E.: Resistances and Strengths 

Cohesion per Unit Area, c. — The shearing 
strength per unit area under zero ex- 
ternally applied load, as used in Rankin e’s 
equation: s = c -\- p tan ()>- The value of 
c is not a constant for a given soil, but 
varies according to the test procedure. 

Cohesion, Resultant or Total, C. — The total 
cohesion on a given area, that is, C = cA . 

Developed Pressure, 11. — The stress reaction 
of a soil mass acting as a pressure per unit 
area independent of the dimension of the 
loaded area, and consisting of pressure, 
.components developed by the mass due 
to resistance to displacement. 

Perimeter Shear, m . — The boundary stress 
reaction per unit length of perimeter 
developed by a loaded area, a measure of 
that proportion of the applied pressure 
which is carried by the body of soil as a 
function of the perimeter of the bearing 
area. 
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Resistance, Total Resultant, Q . — A general 
symbol to be used, with appropriate 
subscripts where necessary. 

Resistance per Unit Area or Length, g. — A 
general symbol to be used with ap- 
propriate subscripts where necessary. 

Compressive Strength per Unit Area, — 
Compressive strength as determined by 
an unconfined compression test. 

Compressive Strength per Unit Area, Qr . — 


Compressive strength as determined by a 
triaxiai compression test. Note that 
Qr = ffl“ ffiii at failure. ^ 

Shear Strength per Unit Area, or 5. 

Ultimate Bearing Capacity per Unit Area at 
Ground Surface, Qo . — ^In an homogeneous 
soil, the ultimate bearing capacity in- 
creases with depth. Ultimate bearing 
capacities at various depths may be 
designated by q with suitable subscripts. 


Part V.-— Terms Relating to the Consolidation of Soils. 


Compressibility, Coefficient of, o®.— Nu- 
merically equal to the slope of the 
pressure- void ratio diagram obtained from 
a consolidation test, expressed by the 
de 

equation: 

dp 

Compression Index, Co. — Compression index 
for a clay sample in the undisturbed state 
expressed by the equation: e - Co — Cc 
P 

log “ . Use Cc for a clay sample in the 

Po 

remolded state. 

Swelling Index, Ca.— Swelling index for a 
clay sample in the undisturbed state, 
expressed by the equation: e = e* — C« 
P 

log ~ . Use Cs for a clay sample in the 
p0 

remolded state. 

Void ratio at pressure po (usually 1 kg. 
per sq.cm.) on the compression curve ob- 
tained by a consolidation test on a clay 
sample in the undisturbed state, eo. Use 
Bo for a clay sample in the remolded 
state. 


Void ratio at pressure po (usuall}^ 1 kg. 
per sq.cm.) on the swelling curve obtained 
by a consolidation test on a clay sample 
in the undisturbed state, Cs. Use e'a for 
a clay sample in the remolded state. 

Consolidation, Coefficient of, — Defined 

by Terzaghi by the equation : 

^(1 + e ) 

= 


Note. — Readers of literature published prior 
to 1935 should observe that the coefficient of 
consolidation, usually designated Isy c, was then 

defined by the equation c = 7 -q This 

(1 + e) 

original definition of coefficient of consolidation 
may be found in some more recent papers and 
care should be taken to avoid confusion. 
Consolidation, Percentage of, U%. — Aver- 
age degree of theoretical consolidation at 
a given time within a clay stratum, ex- 
pressed as a percentage of the total 
consolidation obtainable under the given 
stress condition. 

Time Factor, — A dimensionless factor 

used in the calculation of the rate of con- 
solidation. The value of Tv correspond- 
ing to a given percentage consolidation, 
U%, depends solely on the distribution of 
stress increment within the consolidating 
stratum. 

Hydrostatic Pressure, Uz. 

Neutral Pressure per Unit Area, — The 

total pressure per unit area of soil in the 
pore water at a given time. 

Neutral Force, U.— The total pressure, over 
a given area of soil, in the pore water at 
a given time expressed by the equation: 
U = iiv,A. 

Hydrostatic Excess Pressure, n , — The pres- 
sure per unit area of soil which exists in 
the pore water at any time in excess of 
the hydrostatic pressure, expressed by 
equation: u = u^, — Note also that 
« = / - /. 



Tentative Specifications fior 

ASPHALT FOR DAMPPROOFING AND WATERPROOFING^ 



A.S.T.M. Designation: D 449 - 42 T 
Issued, 1937; Revised, 1942.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover three 
types of asphalt suitable for use as a 
mopping coat in dampproofing, or as a 
plying or mopping cement in the con- 
struction of a membrane system of 
waterproofing. 

Primer 

2. The material used as a primer shall 
conform to the Standard Specifications 
for Primer for Use with Asphalt in 
Dampproofing and Waterproofing (A.S. 
T.M. Designation: D 41) of the Ameri- 
can Society for Testing Materials.® 

Membrane Materials 

3. For the construction of a mem- 
brane system of waterproofing, any or all 
of the following felts or fabrics conform- 
ing to the specifications of the American 
Society for Testing Materials may be 
used alone or in various combinations: 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T,M. Committee D-8 on Bituminous Waterproofing 
and Roofing Materials. 

“ These specifications comprise a revision and consoli- 
dation of and replace the'^ormer Tentative Specifications 
for Asphalt for Use in Dampproofing and Waterproofing 
Belov7 Ground Levels (D 40 - 36 T), and Tentative Speci- 
fications for Asphalt for Use in Dampproofing and Water- 
proofing Above Ground Level (D 144 - 36 T), which were 
accordingly discontinued in 1937. 

“ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


id) Felt . — Standard Specifications for 
Asphalt-Saturated Roofing Felt for Use 
in Waterproofing and in Constructing 
Built-Up Roofs (A.S.T.M. Designation: 
D 226)® 

{b) Asbestos Felt . — Tentative Specifi- 
cations for Asphalt-Saturated Asbestos 
Felts for Use in Waterproofing and in 
Constructing Built-Up Roofs (A.S.T.M. 
Designation: D 250).® 

(c) Cotton Fabrics . — Standard Specifi- 
cations for Woven Cotton Fabrics Satu- 
rated with Bituminous Substances for 
Use in Waterproofing (A.S.T.M. Desig- 
nation: D 173),® asphalt type. 

Types 

4. The asphalts covered by these 
specifications are of three types, as fol- 
lows: 

Type A , ^ — A somewhat less susceptible 
asphalt with good adhesive and “self- 
healing” properties for use above ground 
level where not exposed to temperatures 
exceeding 125 F. (52 C.). 


i Attention is called to the fact that when these 
specifications were editorially revised and rearranged 
in 1943 the designations of grades A and B were inter- 
changed. The present grade A„was formerly designated 
grade B, and grade B was designated grade A in the stand- 
ard as published in 1942 Book of A.S.T.M. Standards, 
Part 11, p. 1290. 
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Note. — T his type of asphalt is suitable for 
railroad bridges, culverts, retaining walls, 
tanks, dams, conduits, spra3f decks, etc. 

Type B.^ — A soft, adhesive “self-heal- 
ing” asphalt which flows easily under 
the mop and which is suitable for use 
below ground level under uniformly 
moderate temperature conditions both 
during the process of installation and 
during service. 

Note.— T his type of asphalt is suitable for 
foundations, tunnels, subways, etc. 

Type C.— An asphalt less susceptible 


fications shall be determined in accord- 
ance with the following methods of the 
American Society for Testing Materials: 

{a) Sampling. — Tentative Methods of 
Sampling Bituminous Materials (A.S. 
T.M. Designation; D 140).'^ 

{h) Softening Point. — Standard 
Method of Test for Softening Point of 
Bituminous Materials (Ring-and-Ball 
Method) (A.S.T.M. Designation: D 36).“ 
{c) Flash Point. — Standard Method of 
Test for Flash and Fire Points b}'- Means 


TABLE I.— REQUIREMENTS FOR ASPHALT FOR DAMPPROOFING AND WATERPROOFING.'i 



Type A** 

Type B-i 

Type C 


Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


145 F. 

170 F. 

115 F. 

145 F. 

170 F. 

200 F. 


(63 C.) 

(77 C.) 

(46 C.) 

(63 C.) 

(77 C.) 

(93 C.) 

Penetration: 

0 C. (32 F.), 200 g., 60 sec 

(205 C.) 


(175 C.) 


(205 C.) 


25 C. (77 f), 100 g., 5 sec ! 

25 

50 

115 


100 

20 


46 C. (115 F.), SO g., S sec 


100 

Ductility at 25 C. (77 F.), (5 cm. per min.), era 


30 


2.’5 

Loss on heating at 163 C, (325 F.), SO g., 5 hr., per cent. . 
Penetration of residue, per cent of original 

"d) 

1 


2 

'hd 

i 

Total bitumen soluble in carbon disulfide, per cent: 
Filled or native asphalt 


95 



Unfilled asphalt 

99 


99 


' 99 ’ 


Proportion of bitumen soluble in carbon tetrachloride, 
per cent 

99 


99 


99 


Ash, per cent: 

Filled or native asphalt 


5 


Unfilled asphalt 




1 


i 

Coarse particles retained on No. 200 (74-niicron) sieve 
as percentage of bitumen insoluble in carbon di- 
sulfide, per cent,. 




12 







.... 



to temperature than type A, with good 
adliesive properties for use above ground 
level where exposed on vertical surfaces 
in direct sunlight or at temperatures 
above 125 F. (52 C.). 

Properties 

5. The asphalt shall be homogeneous 
and free from water, and shall conform 
to the requirements prescribed in 
Table!. 

Methods of Sampling and Testing 

6. The asphalt shall be sampled and 
the properties enumerated in these speci- 


of Open Cup (A.S.T.M. Designation: 
D92).3 

(d) Penetration. — Standard Method of 
Test for Penetration of Bituminous Ma- 
terials (A.S.T.M. Designation; D 5).® 

{e) Ductility. — Standard Method of 
Test for Ductility of Bituminous Ma- 
terials (i\..S.T.M. Designation: D 113).® 
(/) Loss on Tentative 

Method of Test for Loss on Heating 
of Oil and Asphaltic Compounds (A.S. 
T.M. Designation: D 6).® 

(g) Bitumen Soluble in Carbon Disul- 
fide. — Standard Metliod of Test for De- 
termination of Bitumen '(A.S.T.M. Des- 
ignation: D 4).® 



Specipications por Asphalt por 

(h) Bitumen Soluble in Carbon Tetra- 

chloride.— Sta.ndsLid Method of Test for 
Proportion of Bitumen Soluble in Car- 
bon Tetrachloride (A.S.T.M. Desima- 
tion:D165).« ^ 

(i) A 5^.— Standard Methods of Lab- 
oratory Sampling and Analysis of Coal 


Waterprooping (D 449 - 42 T) 1415 
(A.S.T.M. Designation: 

271).® 

■ O') Coarse Standard 

Method of Test for Coarse Particles in 
Mixtures of Asphalt and Mineral Mat- 
ter (A.S.T.M. Designation: D 313).3 

■’ 1944 Book of A.S.T.M. Standards, Part III. 



Tentative Specifications for 
COAL-TAR PITCH FOR STEEP BUILT-UP ROOFS' 



A.S.T.M. Designation: D 654-42 T 
Issued, 1942.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revi- 
sion should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover coal-tar 
pitch suitable for use as a mopping coat 
and for embedding slag or gravel in the 
construction of steep built-up roofs 
with inclines of 1 to 6 in. per horizontal 
foot, where nailing is employed. This 
pitch is also suitable for embedding and 
coating the top ply of felt on flat built- 
up promenade roofs, either level or with 
inclines up to 2 in. per horizontal foot, 
that are to be surfaced with quarry tile 
or other rigid or semirigid wearing sur- 
faces. 

Note. — Other types of coal-tar pitch for flat 
built-up roofs, dampproofing, and waterproofing 
are covered by the Standard Specifications for 
Goal-Tar Pitch for Roofing, Dampproofiing, and 
Waterproofing (A.S.T.M. Designation: D450) 
of the American Society for Testing Materials.^ 

Types 

2. The coal-tar pitch covered by these 
specifications is of one type. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-8 on Bituminous Waterproofing 
and Roofing Materials. 

^ Accepted by the Society at annual meeting. Tune, 
1942 . 


Primer 

3. Steep pitch usually can be applied 
directly to concrete surfaces without 
priming, but, where priming is required, 
the material used as a primer shall be 
creosote conforming to the Standard 
Specifications for Creosote for Priming 
Coat with Coal-Tar Pitch in Damp- 
proofing and Waterproofing (A.S.T.M. 
Designation: D 43) of the American 
Society for Testing Materials.® 

Membrane Materials 

4. For the construction of steep 
built-up roofs, felts conforming to the 
Standard Specifications for Coal-Tar 
Saturated Roofing Felt for Use in Water- 
proofing and in Constructing Built-Up 
Roofs (A.S.T.M. Designation: D 227) 
of the American Society for Testing 
Materials® shall be used. 

Properties 

5. The coal-tar pitch shall be homog- 
enous and shall conform to the require- 
ments prescribed in Table I. 

Sampling and Testing 

6. The coal-tar pitch shall be sampled 
and the properties enum^ated in these 


« Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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TABLE I.-REQUIREMENTS FOR COAL-TAR PITCH 
FOR STEEP ROOFS, 



Min. 

Max. 

Specific gravity, 25/25 C. (77/77 F.) 

1.20 


Softening point (ring-and-ball 
method) 

150 F. 

170 F. 

Total bitumen soluble in carbon di- 

(65 C.) 

(77 C.) 

sulfide, per cent 

65 

85 

Ash, per cent 



Distillation Test: 

Total distillate by weight, 32 to 
572 F. (0 to 300 C.), per cent.. . 

Residue by weight, per cent 

Flash point (Cleveland open cup)... 

92" 

275 F. 

8 

Penetration: 

32 F. (0 C.), 200 g., 60 sec 

77 F. (25 C.), 100 g., 5 sec 

(135 C.) 

4 

12 

35 " 

115 F. (46 C.), 50 g., S sec 


100 


specifications shall be determined in 
accordance with the following methods 
of the American Society for Testing 
Materials: 

(а) Sampling. — ^Tentative Methods 
of Sampling Bituminous Materials 
(A.S.T.M. Designation: D 140).^ 

(б) Specific Gravity. — Standard 
Method of Test for Specific Gravity of 
Asphalts and Tar Pitches Sufficiently 
Solid to be Handled in Fragments 
(A.S.T.M. Designation: D 71).^ 


(c) Softening Point. — Standard 
Method of Test for Softening Point of 
Bituminous Materials (Ring-and-Ball 
Method) (A.S.T.M. Designation: D 36).^ 

(d) Bitumen Soluble in Carbon Di- 
sulfide. — Standard Method of Test for 
Determination of Bitumen (A.S.T.M. 
Designation: D 4),® 

(e) Ash. — Standard Methods of Labo- 
ratory Sampling and Analysis of Coal 
and Coke (A.S.T.M. Designation: D 
271.).^ 

(/) Distillation. — Standard Method of 
Test for Distillation of Tar Products 
Suitable for Road Treatment (A.S.T.M. 
Designation: D 20).^ 

{g) Flash Point. — Standard Method 
of Test for Flash and Fire Points by 
Means of Open Cup (A.S.T.M. Desig- 
nation: D 92).® 

Qt) Penetration. — Standard Method of 
Test for Penetration of Bituminous 
Materials (A.S.T.M. Designation : D S),® 


4 1944 Book of A.S.T.M. Standards, Part III. 


Tentative Specifications for 
ASPHALT-SATURATED ASBESTOS FELTS FOR USE IN’ 
WATERPROOFING AND IN CONSTRUCTING 
BUILT-UP ROOFS' 



A.S.T.M. Designation: D 250 - 44 T 
Issued, 1942; Revised, 1944.^ 


This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., PhiladelpMa 2, Pa. 


Scope 

1. These specifications cover asphalt- 
saturated asbestos felts, either 36 or 
32 in. in width, composed of asbestos 
felt saturated, but not coated, with 
asphalt for use in the membrane system 
of waterproofing and in the construction 
of built-up roofs. 

Types 

2. Asphalt-saturated asbestos felts 
covered by these specifications are of 
two types: namely, 

15-lb. Type 
30-lb. Type 

Mopping Materials 

3. For the construction of built-up 
roofs, asphalt mopping materials con- 
forming to the Standard Specifications 
for Asplialt for Use in Constructing 


I Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-8 on Bituminous Waterproofing 
and Roofing Materials. 

s Prior to their present publication as tentative, these 
specifications were published as tentative from 1926 to 
1927, being revised in 1927. They were adopted in 1927, 
published as standard from 1927 to 1942, but revised and 
reissued as tentative in 1942. 


Built-Up Roof Coverings (A.S.T.M. 
Designation: D312)® shall be used. 

Manufacture 

4. In the process of manufacture, a 
single thickness of asbestos felt shall be 
saturated with an asphaltic saturant. 

Character of Felt 

5. The felt shall be an asbestos felt 
produced by “felting” at least 85 per 
cent by weight of asbestos fiber. The 
surface of the felt shall be uniformly 
smooth. Upon splitting or tearing on 
the bias, the felt shall appear reasonably 
free from lumps or particles of foreign 
substances. 

Character of Saturant 

6. The bitumen of the saturant shall 
be composed of asphaltic materials. 

Character of Saturated Felt 

7. The felt shall be thoroughly and 
uniformly saturated,., and shall show no 
unsaturated spots at any point upon 
cutting 2-in, strips at random across the 

s Appears iu this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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entire sheet and splitting them open for 
their full length. 

Surface Finish • 

8. The surface of the felt shall not be 
coated or covered with talc or other 
substance that would tend to interfere 
with the adhesion between the felt and 
the plying cement. 


Physical Properties 

9. The fabricated product shall con 
form to the following requirements; 


Width of roll. 


Area of roll, min. sq. ft — 
Minimum weight of satur- 
ated felt per 100 sq. ft. 
(exclusive of wrappin.g 
and packing material), 


Loss on heating at 221 F. 
(105 C.) for S hr. ma-r., 


Pliability tit 77 'f'. (A C.')';' 
At least 8 out of 10 strips 
shall not crack when 
bent 30 deg, at a uni- 
form speed over a 

rounded corner of 

Saturant in moisture-free 
felt, min., per cent by 
weight 

Desaturated Felt 


IS-lb. Type 30-lb. Type 
either 36 or 32 in., as may 
be specified, ± J in. 

324 216 


1.5 . 30 

5 S 


.]• in. rad. -J in. rad. 
40 50 


10. The desaturated moisture-free felt 
shall conform to the following require- 
ments: 

15-lb . Type 30-lb. Type 

Weight per 100 sq. ft., 

min., lb 9.0 17.5 

Ash, min., per cent. . . . 70.0 70.0 

Thickness, min., in 0.020 0.040 

Freedom from Defects 


11. The finished material shall be free 
of visible external defects, such as holes, 
ragged or untrue edges, breaks, cracks, 
tears, protuberances, and indentations. 


Pliability and Stickiness 

12. The rolls shall not crack nor be so 
sticky as to cause tearing or material 
damage upon being unrolled at atmos- 
pheric temperatures above 50 F. (10 G.). 

Packing 

13. The rolls of saturated felt need 
not be wound on cores, but they shall 


be securely wrapped in a substantial 
grade of paper of the same width as the 
fabric. The wrapper shall completely 
encircle the roll and shall be pasted at 
the overlap in a manner that will prevent 
it shifting from position. The ends of 
the roll need not be covered. As an 
alternative, the rolls of saturated felt 
may either be tied with strings or simply 
pasted at the ends, as may be agreed 
upon by the purchaser and the seller. 
No roll shall contain more than two 
pieces, and there shall not be more than 
3 per cent of rolls containing two pieces 
in any shipment. 

Marking 

14. Each roll shall be plainly marked 
with the manufacturer’s name and brand 
or as agreed upon by the seller and the 
purchaser, and shall bear a notation 
showing the type of saturant. 

Sampling and Testing 

15. The material shall be sampled and 
the properties enumerated in these 
specifications shall be determined in ac- 
cordance with the Tentative Methods 
of Testing Felted and Woven Fabrics 
Saturated with Bituminous Substances 
for Use in Waterproofing and Roofing 
(A.S.T.M. Designation: D 146) of the 
American Society for Testing Materials.® 

Inspection 

16. Inspection of material shall be 
made as agreed upon by the seller and 
the purchaser as part of the purchase 
contract. 

Basis of Rejection 

17. Failure to conform to any one of 
the requirements prescribed in these 
specifications shall constitute groimds 
for rejection. In case of rejection, the 
seller shall have the right to reinspect 
the rejected shipment and resubmit the 
lot after removal of those packages not 
conforming to the specified requirements. 



Tentative Specifications for 
ASPHALT-SATURATED AND COATED ASBESTOS FELTS 
FOR USE IN CONSTRUCTING BUILT-UP ROOFS' 



A.S.T.M. Designation: D 655 - 44T 

Issued, 1942; Revised, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover asphalt- 
saturated and asphalt-coated asbestos 
felts in sheet form for use in the con- 
struction of built-up roofs. They may 
be either 36 or 32 in. in width and shall 
be composed of asbestos roofing felt 
saturated and coated on one or both 
sides with asphalt. The coated sides 
shall be surfaced with mineral matter. 

Types 

2. Asphalt-saturated and asphalt- 
coated asbestos felts covered by these 
specifications are of two types: namely, 

20-lb. Type 
50-lb. Type 
Mopping Materials 

3. For the construction of built-up 
roofs, asphalt mopping materials con- 
forming to the Standard Specifications 
for Asphalt for Use in Constructing Built- 
Up Roof Coverings (A.S.T.M. Designa- 
tion: D 312)® shall be used. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-8 on Bituminous Waterproofing 
and Roofing Materials. 

2 Revision accepted by the Society at annual meeting, 
June, 1944. 

» Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Manufacture 

4. In the process of manufacture, a 
single thickness of asbestos felt shall be 
saturated with an asphaltic saturant, 
coated on one side for the 20-lb. type 
and on both sides for the 50-lb. type 
with asphalt, and surfaced with suffi- 
cient mineral matter to prevent sticking 
in the rolls. 

Character of Felt 

5. The felt shall be an asbestos felt 
produced by “felting” at least 85 per 
cent by weight of asbestos fiber. The 
surface of the felt shall be uniformly 
smooth. Upon splitting or tearing 
on the bias, the felt shall appear reason- 
ably free from lumps or particles of 
foreign substances. 

Character of Saturant and Coatings 

6. The bitumen of the saturant and 
coatings shall be composed of asphaltic 
materials. 

r. 

Character of Saturated -^elt 

7. The felt shall be thoroughly and 
uniformly saturated and shall show no 
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unsaturated spots at any point upon 
cutting 2-in. strips at random across the 
entire sheet and splitting them open for 
their full length. 

Surface Finish 

8. The surface of the felt shall be 
coated on one side for the 20-lb. type 
and on both sides for the 50-lb. type 
with asphalt, and surfaced with fine 
sand or other mineral matter that will 
prevent sticking in the rolls but will 
not interfere with the adhesion between 
the felt and the plying cement. 


Physical Properties 


9. The fabricated product shall con- 
form to the following requirements: 

20-lb. Type SO-lb. Type 

Width of roll either 36 or 32 in., as may 

be specified, ± i in. 


Area of roll, min., sq. ft.. . 
Minimum weight of finished 
product per 100 sq. ft. 
(exclusive of wrapping 
and packing material), 


Loss on heating at 221 F. 
(105 C.) for 5 hr., max.. 


Pliability at 77 'f! (25 C.V:' 
At least 8 out of 10 strips 
shall not crack when 
bent 90 deg. at a uni- 
form speed over a 

rounded corner of 

Saturant _in moisture-free 
felt, min., per cent by 


Weight of mineral surfac- 
ing per 100 sq. ft., max.. 


108 

17 

5 


§ in. rad. 
40 
3 


lOS 

50 

5 


1 in. rad. 


50 


10 


Desaturated Felt 

10. The desaturated moisture-free felt 
shall conform to the following require- 
ments: 

20-lb, Type 50-lb. Type 

Weight per 100 sq. ft., 

min., lb 8.5 17.5 

Ash, min., per cent. . . . 70.0 70.0 

TMckness, min., in 0.020 0.040 

Freedom from Defects 

11. The finished material shall be 

free of visible external defects, such as 
holes, ragged or untrue edges, breaks, 
cracks, tears, protuberances, and inden- 
tations. ‘9 


Pliability and ^ickiness 
12. The rolls shall not crack nor be so 
sticky as to cause tearing or material 


damage upon being unrolled at atmos- 
pheric temperatures above 50 F. (10 C.). 

Packing 

13. The rolls of saturated and 
coated felt need not be wound on cores, 
but they shall be securely wrapped 
in a substantial grade of paper of 
the same width as the fabric. The 
wrapper shall completely encircle the 
roll and shall be pasted at the over- 
lap in a manner that will prevent it 
shifting from position. The ends of the 
roll need not be covered. As an alterna- 
tive, the rolls may either be tied 
with strings or simply pasted at the 
ends, as may be agreed upon by the 
seller and the purchaser. No roll shall 
contain more than two pieces, and 
there shall not be more than 3 per cent 
of rolls containing two pieces in any 
shipment. 

Marking 

14. Each roll shall be plainly marked 
with the manufacturer’s name and 
brand or as agreed upon by the seller 
and the purchaser, and shall bear a 
notation showing the t}q)e of saturant. 

Sampling and Testing 

15. The material shall be sampled 
and the properties enumerated in these 
specifications shall be determined in 
accordance with the Tentative Methods 
of Testing Asphalt Roll Roofing, Cap 
Sheets, and Shingles (A.S.T.M. Desig- 
nation: D 228) of the American Society 
for Testing Materials,® with the follow- 
ing exceptions: 

(jf) The weight of material exclusive 
of packing and wrapping and the 
weight of mineral surfacing shall be 
determined on the basis of 100 sq. ft. 
instead of 108 sq. ft. 

(2) The loss on heating shall be 
determined at 221 F. (105 C.) instead 
of 176 F. (80 C.). 
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Inspection 

16. Inspection of material shall be 
made as agreed upon by the purchaser 
and the seller as part of the purchase 
contract. 

Basis of Rejection 

17. Failure to conform to any one 


of the requirements prescribed in these 
specifications shall constitute grounds 
for rejection. In case of rejection, the 
seller shall have the right to reinspect 
the rejected shipment and resubmit the 
lot after removal of those packages not 
conforming to the specified requirements. 



Tentative Specifications for 

ASPHALT ROOFING SURFACED WITH COARSE MINERAL 
GRANULESi 



A.S.T.M. Designation: D 249 ~ 44 T 
Issued, 1933; Revised, 1934, 1935, 1937, 1941, 1942, 19443 

'lliis Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. . Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover asphalt 
roofing in sheet form surfaced with 
colored mineral granules, either 36 or 
32 in. in width, composed of roofing-felt 
saturated and coated on both sides with 
asphalt and surfaced on the weather side 
with granulated slate or equivalent min- 
eral material (of solid or mixed colors as 
may be agreed upon by the purchaser 
and the seller), and on the reverse side 
with a suitable material to prevent stick- 
ing in the package. 

Manufacture 

2. In the process of manufacture, a 
single thickness of dry roofing felt shall 
be impregnated with a hot asphaltic 
saturant, then coated on both sides with 
a hot asphaltic coating compounded with 
a fine mineral filler substantially insolu- 

1 Under the standardization procedure of the Society, 

these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-8 on Bituminous Waterproofing and 
Roofing Materials. _ , 

2 Latest revision accepted by Committee E-10 on Stand- 
ards, August 28, 1944. 

Prior to their present/jpublication as tentative, these 
specifications were published as tentative from 1925 to 
1927. They were adopted in 1927, published as standard 
from 1927 to 1933, OTt withdrawn and republished as 
tentative in 1933. 


ble in water, and finally surfaced on the 
weather side with mineral granules em- 
bedded in the hot asphaltic coating. 
The reverse side shall be covered with 
suitable material to prevent the roofing 
from sticking in the package. 
Character of Felt 

3. The felt shall be a roofing felt pro- 
duced b}'- “felting” vegetable or animal 
fibers or mixtures thereof. The surface 
of the felt shall be uniformly smooth. 
Upon splitting or tearing on the bias, 
the felt shall appear reasonably free 
from lumps of underbeaten stock (that 
is, stock that has not been beaten or 
shredded into fiber in the process of 
manufacture) and particles of foreign 
substances (that is, fragments of stone, 
metal, leather, rubber, etc.). 

Character of Saturant and Coatings 

4. The bitumen of the saturant and 
coatings shall be composed of asphaltic 
materials. 

Character of Saturated Felt 

5. The felt shall be completely and 
uniformly saturated, and shall show no 
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unsaturated spots at any point upon 
cutting 2-in, strips at random across the 
entire sheet and splitting them open for 
their full length. 

Surface Finish 

6. (a) The surface of the weather side 
shall be uniform in finish and texture. 
The mineral granules shall be uniformly 
distributed over the entire surface (ex- 
cept as noted in Paragraph (b)) in a 
smooth layer and shall be firmly em- 
bedded in the asphalt coating. 


Physical Properties 

7. The fabricated product shall con- 
form to the requirements prescribed in 
Table I. 

Freedom from Defects 

8. The finished material shall be free 
of visible external defects, such as 
holes, ragged or untrue edges, rents, 
cracks, indentations, and lumps of 
coating. 


TABLE I.— PHYSICAL REQUIREMENTS OF ASPHALT ROOFING. 


Area. 


Pliability at 77 F. (25 C.) 

Behavior on heating to 176 F. (80 C.) for 2 hr. 


The roofing shall be put ujs in rolls and 
shall be either 36 or 32 in. in width, 
as may be specified, within a permis- 
sible variation of in. 

The average area of the rolls examined 
shall contain sufficient roofing to cover 
100 sq. ft. of roof surface (108 sq. ft. 
ivith 2 in. or no bare lapping edge, or 
111 sq. ft. with 3 in. lapping edge). 

At least 8 strips out of 10 shall not crack 
when bent 90 deg. at a uniform speed 
over a rounded corner of M-in. radius. 

Not more than 1.5 per cent volatile mat- 
ter loss. The granular surfacing shall 
not slide more than 14 in. when sus- 
pended vertically. 


Weight per roll, net average: 

No bare edge 

2 or 3-in. bare edge 

Weight of dry felt per 108 sq, ft 

Weight of saturant fsoluble in CSa) per 108 sq. ft.“ 

Weight of weather side mineral filled coating per 108 sq. ft 

Weight of mineral matter per 108 sj^. ft. passing No. 6 (3360-micron) and 

retained on No. lOO (149-micrQn) sieve 

Percentage by weight of mineral matter passing No. 100 (149-micron) sieve 
on the basis of the sum of the bitumen in the coatings and the mineral matter 

passing No, 100 (149-micron) sieve 

Weight of any 108 sq. ft. roll of roofing in the shipment (co.arse granule sur- 
faced portion) 


83.0 

81.0 
10.8 
17.3 
16.0 


15.0 per ce 
80.0 


“ The weight of saturant per 108 sq. ft. shall be not less than 1.6 times the weight of the dry felt. 


{b) The coating and granules shall 
cover the entire weather side of the roof- 
ing, except that this side may be pro- 
vided with a bare lapping edge, approxi- 
mately 2 or 3 in. in width along one edge, 
where either the granules alone or both 
the granules and coating may be omitted. 
When the granules alone are omitted, a 
thin fibrous membrane may be used to 
prevent the coated lapping edge from 
sticking in the roll, 

(c) The reverse side of the sheet shall 
have the asphalt coating and powdered 
surfacing applied uniformly to the edges. 


Pliability and Stickiness 

9, The finished product shall not 
crack nor be so sticky as to cause tearing 
or material damage upon being unrolled 
at atmospheric temperatures above 50 F. 
(10 C.) 

Packing 

10. (a) The roofing shall be put up in 
rolls of either 108 sq. |t. when made with 
a 2-in. or no bare-lappin^ edge, or 111 
sq. ft. when made witn a 3-in. bare 
lapping edge . No roll shall contain more 
than two pieces nor shall there be more 



Specieications eor Asphalt Rooeing (D 249 - 44 T) 


1425 


than 3 per cent of rolls containing two 
pieces in any shipment. The rolls shall 
be tightly wound, and shall be securely 
wrapped with a substantial grade of 
paper completely encircling the roll and 
pasted at the overlap in such a manner 
as to prevent shifting from position. 
The nails and lap-cement shall be 
packed in the core of each roll or 
furnished separately if so specified by the 
purchaser. 

{b) Special packing shall be as agreed 
upon by the purchaser and the seller. 
Marking 

11. Each roll shall be plainly marked 
with the name and brand of the manu- 
facturer. 

Nails and Lap-Cement 

12. (a) Nails: (1) Dimensions . — ^The 
gage of the wire shall be not greater 
than Washburn & Moen No. 10 (0.135 
in.) nor less than Washburn & Moen 
No. 12 (0.105 in.). The head shall be 
'not less than | in. in diameter nor 
less than 0.025 in. in thickness. The 
shank shall be not less than f in. in 
length and shall be smooth, barbed, or 
square and twisted (spiral). If barbed, 
the barbing shall not increase the di- 
ameter of the lower two thirds more than 
0.01 in. The lower end of the shank 
shall be pointed. If square and twisted 
(spiral), the cross-sectional area shall be 
equivalent to that specified above. 

(2) Protective Coating . — ^Nails shall be 
galvanized or sherardized, and shall resist 
four l-min. dips in a copper sulfate solu- 
tion when tested in accordance with the 
Standard Method of Test for Uniformity 
of Coating by the Preece Test (Copper 
Sulfate Dip) on Zinc-Coated (Galvan- 
ized) Iron or Steel Articles (A.S.T.M. 
Designation: A 239) of the American 
Society for Testing Materials.® 

(3) Quantity . — There shall be furnished 
per ‘‘square” an average of not less than 


252 nails for 36-in. roofing and not less 
than 275 nails for 32-in. roofing. Where 
the roofing is intended for application by 
the blind natling method and is pro- 
vided with a 3-in. selvage, 150 nails per 
“square” shall be furnished on a basis 
of 36-in. roofing, 

(6) Lap-Cement: (i) Lap-Cement for 
Exposed Nail Application . — The cement 
shall be composed of bituminous ma- 
terials dissolved in a volatile solvent, 
and shall be of such a nature as to firmly 
bind the laps without injurious effect 
on the roofing. The cement shall 
have a minimum flash point of 71 F. 
(21.5 C.) when tested by the Tag closed- 
cup tester.^ There shall be furnished for 
each “square” of 36-in. roofing for ex- 
posed nail application not less than f pt. 
of cement and for 32-in, roofing not less 
than 1 pt. of cement. The addition of 
5 to 20 per cent by weight of short- 
fiber asbestos shall be permitted, in 
v/hich case the quantity of cement shall 
be increased by J pt. per “square.” 

(2) Lap Cement for Concealed Nail 
Application . — ^The cement shall be com- 
posed principally of bituminous ma- 
terials dissolved in a volatile solvent. 
The cement shall have a minimum flash 
point of 71 F. (21.5 C.) when tested by 
the Tag closed-cup tester.^ A strength- 
of-lap test shall be made, using roofing 
and cement from the same manufacturer 
or from the same shipment. The tensile 
strength of the cemented laps shall con- 
form to the requirements prescribed in 
Table II. The test specimen shall con- 
sist of two strips each 6 in. in length 
and 1 in. in width cut from the roofing, 
and one of the strips shall include a 
3-in. bare lapping edge. The specimen 
shall be prepared for testing by covering 
the bare lapping edge of the one strip 
with 1.5 g. of cement, spreading it 


* See the Standard Method of Test for Flash Point by 
Means of the Tag Closed Tester (A.S.T.M. Designation: 
D 56), which appears in this publication, see Contents in 
Numeric Sequence of A.S.T.SL Designations at front of 
book. 


* 1944 Book of A.S.T.M. Standards, Part I, 
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evenly, and then allowing the strip to 
remain undisturbed for 10 min. at a 
temperature of 70 to 90 F. (21 to 32 C.). 
The reverse side of the other strip shall 
then be placed upon the cement-coated 
lapping edge in such a manner as to form 
a complete specimen 9 in, in length by 
1 in. in width that includes a regular 
3-in. cemented lap. A 50-lb. weight 
shall be placed upon the cemented lap 
and allowed to remain for 2 min. while 


TABLE II.-REQUIREMENTS FOR STRENGTH-OF- 
LAP TEST. 


Age of 
Cemented 
Lap 

Aging Temperature 

Tensile 
Strength 
of Lap, 

30 min. 

77F. (2SC.) 

6 

60 min. 

77F. (2SC.) 

8 

24 hr. 

77F.(2SC.) 

17 

24 hr. 

20 F. (-6.7 C.) 

30 

24 hr. 

100F.(38 C.) 

18 


the specimen is maintained at a tem- 
perature of 70 to 90 F. (21 to 32 C.). 
The specimen shall then be maintained 
at the temperature and for the period 
prescribed in Table II, and tested im- 
mediately in a tension testing machine® 
operated at a speed of head of 12 dz 2 in. 
per min. 

There shall be furnished with each 
roll of one “square” of roofing for con- 


* A Scott Tester or equivalent tension testing machine 
is suitable for this purpose. 


cealed nail application not less than 
2 pt. of lap-cement. 

(c) Special Fixtures . — Special fixtures 
may be furnished in lieu of nails and 
cement, if agreed upon by the purchaser 
and the seller. 

Sampling and Testing 

13. The material shall be sampled and 
the properties enumerated in these speci- 
fications shall be determined in accord- 
ance with the Tentative Methods of 
Testing Asphalt Roll Roofing, Cap 
Sheets, and Shingles (A.S.T.M. Desig- 
nation: D 228) of the American Society 
for Testing Materials.® 

Inspection 

14. Inspection of material shall be 
made as agreed upon by the purchaser 
and the seller as part of the purchase 
contract. 

Basis of Rejection 

15. Failure to conform to any one of 
the requirements prescribed in these 
specifications shall constitute grounds 
for rejection. In case of rejection, the 
seller shall have the right to reinspect the 
rejected shipment and resubmit the lot 
after removal of those packages not con- 
forming to the specified requirements. 

6 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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OR MICAi 



A.S.T.M. Designation: D 224 - 44 T 
Issued, 1933; Revised, 1934, 1935, 1937, 1941, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover asphalt 
roofing in sheet form surfaced with finely- 
powdered mineral matter, either 36 or 
32 in. in width, composed of roofing felt 
saturated and coated on both sides with 
asphalt. 

Manufacture 

2. In the process of manufacture, a 
single thickness of dry roofing felt shall 
be impregnated with a hot asphaltic 
saturant, then coated on both sides with 
a hot asphaltic coating compounded with 
a finely powdered mineral filler, sub- 
stantially insoluble in water, and finally 
surfaced on both sides with powdered 
talc or mica to prevent the roofing from 
sticking in the package. 

» Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-8 on Bituminous Waterproofing and 
Roofing Materials. 

“Latest revision accepted by Committee E-10 on Stand' 
ards, August 28, 1944. 

Prior to their present publication as tentative, these 
specifications were published as tentative from 1925 to 
1927, being revised in 1926 and 1927. They were adopted 
in 1927, published as standard from 1927 to 1933, but with- 


Character of Felt 

3. The felt shall be a roofing felt pro- 
duced by “felting” vegetable or animal 
fibers or mixtures thereof. The surface 
of the felt shall be uniformly smooth. 
Upon splitting or tearing on the bias, the 
felt shall appear reasonably free from 
lumps of underbeaten stock and par- 
ticles of foreign substances (that is, 
fragments of stone, metal, leather, rub- 
ber, etc.). 

Character of Saturant and Coatings 

4. The bitumen of the saturant and 
coatings shall be composed of asphaltic 
materials. 

Character of Saturated Felt 

5. The felt shall be completely and 
uniformly saturated, and shall show no 
unsaturated spots at any point upon 
cutting 2-in. strips at random across the 
entire sheet and splitting them open for 
their full length. 
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Surface Finish 

6. (a) The surface shall be smooth or 
veined in appearance. 

(b) The coating and surfacing shall 
be applied uniformly and of approxi- 
mately equal thickness on both sides 
and up to the edges of the sheet. 

Physical Properties 

7. The fabricated product shall con- 
form to tire requirements prescribed in 
Table I. 


shall contain more than two pieces nor 
shall there be more than 3 per cent of 
rolls containing two pieces in any ship- 
ment. The rolls shall be tightly wound, 
and shall be securely wrapped in a sub- 
stantial grade of paper completely en- 
circling the roll and pasted at the overlap 
in such a manner as to prevent shifting 
from position. The ends of the rolls 
shall be protected with cloth covers or 
by other suitable means. The nails and 
lap-cement shall be packed in the core of 


TABLE L— PHYSIC.'\L REQUIREMENTS OF ASPHALT ROOFING. 


Pliability at 77 F. (25 C.) 

Behavior on heating to 176 F. (80 C.) for 2 hr... 


The roofing shall be put up in rolls and shall be either 36 
or 32 in. in width, as may be specified, within a per- 
missible variation of in. 

The average area of the rolls examined shall contain not 
less than 108 or 216 sq. ft., as specified, which shall be 
sufiScient to cover 100 or 200 sq. ft., respectively, of 
roof surface. 

At least 8 strips out of 10 shall not crack when bent 90 deg. 
at a uniform . speed over a rounded corner of }4-ia. 
radius. 

Not more than 1.5 per cent volatile matter loss. There 
shall be no flowing, sagging, blistering, or absorption 
of the asphalt coatings. 


65-lb. Grade 

55-lb. 

Grade 

Max., lb. 

Min,, lb. 

Max., lb. 

Min., lb. 


61.0 


51.0 


13.05 


10.8 


20.9 


17.3 


18.0 ■ 


18.0 


60.0 


SO.O 

50.0 per cent 

15.0 per cent 

SO.O per cent 

15.0 per cent 


Weight of saturant (soluble in CS2) per 108 sq. ft.® 

Weight of mineral filled coating and surface mineral matter 

per 108 sq. ft 

Weight of any 108 sq. ft. roll of complete roofing in the 

shipment 

Percentage by weight of mineral matter passing a No. 100 
(149-mlcron) sieve on basis of total weight of mineral 
filled coating and surface mineral matter. 


“ The weight of saturant per 108 sq. ft. shall be not less than 1.6 times the weight of the dry felt. 


Freedom from Defects 

8. The finished material shall be free 
of visible external defects, such as holes, 
ragged or untrue edges, breaks, cracks, 
tears, protuberances, and indentations. 

Pliability and Stickiness 

9. The finished product shall not 
crack nor be so sticky as to cause tearing 
or material damage upon being unrolled 
at atmospheric temperatures above 50 F. 
(IOC.). 

Packing 

10. (a) The roofing shall be put up in 
rolls of either 108 or 216 sq. ft. No roll 


each roll or furnished separately if so 
specified by the purchaser. If nails and 
lap cement are furnished separately, 
cloth covers or other end protection may 
be omitted from the ends of the rolls. 

(&) Special packing shall be as agreed 
upon by the purchaser and the seller. 

Marking 

11. Each roU shall be plainly marked 
with the name and brand of the manu- 
facturer. 

Nails and Lap-Cement 

12. (a) Nails: (1) Dimensions.— The 
gage of the wire shall be not greater 
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than Washburn & Moen No. 10 (0.135 
in.) nor less than Washburn & Moen 
No. 12 (0.105 in.). The head shall be 
not less than f in. in diameter, nor less 
than 0.025 in. in thickness. The shank 
shall be not less than f in. in length and 
shall be smooth, barbed, or square and 
twisted (spiral). If barbed, the barbing 
shall not increase the diameter of the 
lower two thirds more than 0.01 in. 
The lower end of the shank shall be 
pointed. If square and twisted (spiral), 
the cross-sectional area shall be. equiva- 
lent to that specified above. 

(3) Protective Coating . — Nails shall be 
galvanized or sherardized, and shall resist 
four 1-min. dips in a copper sulfate solu- 
tion when tested in accordance with the 
Standard Method of Test for Uniformity 
of Coating by the Preece Test (Copper 
Sulfate Dip) on Zinc-Coated (Galvan- 
ized) Iron or Steel Articles (A.S.T.M. 
Designation: A 239) of the American 
Society for Testing Materials.® 

(J) Quantity . — There shall be furnished 
per “square” an average of not less than 
.252 nails for 36-in. roofing and not less 
than 275 nails for 32-in. roofing. 

{b) Lap-Cement . — The cement shall 
be composed of bituminous materials 
dissolved in a volatile solvent, and shall 
be of such a nature as to firmly bind the 
laps without injurious effect upon the 
roofing. The cement shall have a mini- 
mum flash point of 71 F. (21.5 C.) when 
tested by the Tag closed-cup tester.^ 
There shall be furnished for each 

® 1944 Book of A.S.T.M. Standards, Part I. 

-i See the Standard Method of Test for Flash Point by 
Means of the Tas Closed Tester (A.S.T.M. Designation 
D 56), which appears in this publication, see Contents in 
Numeric Sequence of A.S.T.M. Designations at front 
of book. 


“square” of 36-in. roofing not less than 
f pt. of cement and for 32-in. roofing not 
less than 1 pt. of cement. The addition 
of 5 to 20 per cent by weight of short- 
fibered asbestos shall be permitted, in 
which case the quantity of cement shall 
be increased by | pt. per “square.” 

(c) Special Fixtures . — Special fixtures 
may be furnished in lieu of nails and ce- 
ment, if agreed upon by the purchaser 
and the seller. 

Sampling and Testing 

13. The material shall be sampled and 
the properties enumerated in these speci- 
fications shall be determined in accord- 
ance with the Tentative Methods of 
Testing Asphalt Roll Roofing, Cap 
Sheets, and Shingles (A.S.T.M. Desig- 
nation: D 228) of the American Society 
for Testing Materials.® 

Inspection 

14. Inspection of material shall be 
made as agreed upon by the purchaser 
and the seller as part of the purchase 
contract. 

Basis of Rejection 

15. Failure to conform to any one of 
the requirements prescribed in these 
specifications shall constitute grounds for 
rejection. In case of rejection, the seller 
shall have the right to reinspect the 
rejected shipment and resubmit the lot 
after removal of those packages not con- 
forming to the specified requirements. 


6 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Tentative Specifications for 

ASPHALT SHINGLES SURFACED WITH COARSE MINERAL 
GRANULES! 



A.S.T.M. Designation: D 225 - 44 T 

Issued, 1933; Revised, 1934, 1935, 1937, 1941, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 


Manufacture 


1. (a) These specifications cover as- 
phalt roofing in shingle form, composed 
of roofing felt saturated and coated on 
both sides with asphalt and surfaced 
on the weather side with granulated 
slate or equivalent mineral material 
(of solid or mixed colors as may be 
agreed upon by the purchaser and the 
seller), and on the reverse side with a 
surfacing material. 

(^) Shingles supplied under these 
specifications® are intended to be used 
as follows with a “head lap”* of not less 
than 2 in.: 

Style o£ Shingle 

Individual 

(American method) 

Square tab strip 

Hexagonal tab strip . . , 


I 

II 

III 

I 

II 

III 

I 

II 

III 


“ Individual shingles and shingles of special shapes 
may also be furnished as agreed upon by the purchaser 
and the seller. 

® Head lap is the shortest vertical distance between the 
top of the cut out or bottom edge of a course of shingles, 
and the most proximate underlying area of roof deck not 
covered by preceding courses of shingles. 


2. In the process of manufacture, a 
single thickness of roofing felt shall be 
impregnated with a hot asphaltic sat- 
urant, then coated on both sides with at 
least one layer of a hot asphaltic coating 
compounded with a mineral filler sub- 
stantially insoluble in water, and finally 
completely surfaced on the weather 
side with mineral granules embedded in 
the hot asphaltic coating. The reverse 
side shall be covered with a suitable 
material to prevent the shingles from 
sticking together in the package. For 
type III shingles the thick portion of 
the shingles shall extend at least 1 in. 
on the unexposed portion to provide for 
proper nailing. 

Character of Felt 

3. The surface of the felt shall be uni- 
formly smooth. Upon splitting or tear- 
ing on the bias, the felt shall appear 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S 
T.M. Committee D-8 on Bituminous Waterproofing and 
Roofing Materials. 

2 Latest revision accepted by Committee E-10 on Stand- 
ards, August 28, 1944. 

Prior to their present publication as tentative, these 
specifications were published as tentative from 1925 to 
1927, being revised in 1926 and 1927. They were adopted 
in 1927, published as standard^om 1927 to 1933, being 
revised in 1929, but withdrawn and republished as tenta- 
tive in 1933. 
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reasonably free from lumps of under- 
beaten stock and particles of foreign 
substances (that is, fragments of stone, 
metal, leather, rubber, etc.). 

Character of Saturant and Coatings 

4. The bitumen of the saturant and 
coatings shall be composed of asphaltic 
materials. 

Character of Saturated Felt 

5. The felt shall be completely and 
uniformly saturated and shall show no 


(Jb) The reverse side shall have a 
coating of asphalt and shall be surfaced 
with suitable material to prevent the 
shingles from sticking in the package. 
The reverse side may be surfaced with 
granular material. 

Physical Properties 

7. The fabricated product shall con- 
form to the requirements prescribed 
in Table I. 

Freedom from Defects 

8. The finished shingles shall be free 


TABLE I.-PHYSIC.AL REQUIREMENTS OF ASPHALT SHINGLES. 


Behavior on heating to 176 F. (80 C.) for 2 hr. . 


Weight, net average of finished shingles per 1 


Weight of roofing per 108 sq. ft. (individual package) 

Weight of exposed area per 108 sq. ft : 

Weight of dry felt per 108 sq. ft.. 

Weight of saturant per 108 sq. ft." 

Weight of weather side mineral filled coating per 108 

sq. ft 

Weight of mineral matter per 108 sq. ft. passingNo. 6 
(3360-micron) and retained on No. 100 (149-micron) 

sieve 

Percentage by weight of ipineral matter passing No 
100 (149-micron) sieve on basis of the sura of the 
bitumen in the coatings and mineral matter passing 
No. 100 (149-micron) sieve 


Mineral matter (including surfacing and filler), per 
cent of total weight of finished shingle 


The form and size of the shingles shall be as agreed upon by the 
purchaser and the seller. 

Sufficient material per “square” shall be furnished to cover 
adequately 100 sq. ft. of roof surface. 

Not more than l.S per cent volatile matter loss. The granular 
surfacing shall not slide more than Ifa in- when suspended vertic- 
ally. 


Type 1 


Max., lb. I Min., lb 


83.0 

83.0 
10.8 
18.9 

16.0 

20.0 


Type II 


Max., lb. I Min., lb 


97.2 

94.0 

94.0 

13.5 

23.6 


Type III 


108.0 

10.8 

18.9 


15.0 

35.0 


« This shall be calculated as follows: ^ 

sq. ft. area per shingle X number of shingles 

® The weight of saturant per 108 sq. ft. shall be not less than 1.75 times the weight of the dry felt. 
' " Exposed area only. 


unsaturated spots at any point upon 
cutting strips 2 in. in width across the 
entire shingle and splitting the strips 
open for their entire length. 

Surface Finish 

6. (a) The weather surface shall be 
uniform in finish and texture and may 
be embossed to simulate a grain texture. 
The mineral granules shall cover the 
entire surface ISd shall be firmly em- 
bedded in the asphalt coating. 


from visible external defects, such as 
holes, ragged or untrue edges, rents, 
cracks, indentations and lumps of coat- 
ing. 

Stickiness 

9. The shingles shall not stick together 
in the package so as to cause damage 
upon being unpacked when at atmos- 
pheric temperatures above SO F. (10 C.). 

Packing 

10. The shingles shall be packed in 
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cardboard cartons or between wood or 
cardboard, or both, and tied securely so 
as to make a package, weighing not 
more than 135 lb. gross. 

Marking 

11. Each package shall be plainly 
marked with the name and brand of 
the manufacturer, as well as the style, 
type, and color of product. Direction 
sheets for application shall be included 
in at least every fifth package. 

Sampling and Methods of Test 

12. The material shall be sampled 
and the properties enumerated in these 
specifications shall be determined in 
accordance with the Tentative Methods 
of Testing Asphalt Roll Roofing, Cap 


Sheets, and Shingles (A.S.T.M. Desig- 
nation: D 228).'^ 

Inspection 

13. Inspection of material shall be 
made as agreed upon by the purchaser 
and the seller as part of the purchase 
contract. 

Basis of Rejection 

14. Failure to conform to any one of 
the requirements prescribed in these 
specifications shall constitute grounds 
for rejection. In case of rejection the 
seller shall have the right to reinspect 
the rejected shipment and resubmit the 
lot after removal of those packages not 
conforming to the specified requirements. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Tentative Methods of 

TESTING FELTED AND WOVEN FABRICS SATURATED 
WITH BITUMINOUS SUBSTANCES FOR USE IN 
WATERPROOFING AND ROOFING' 



A.S.T.M. Designation: D 146 - 44 T 
Issued, 1938; Revised, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope « 

1. These methods cover the examina- 
tion of felted or woven fabrics saturated 
(but not coated) with asphalt or coal-tar 
materials, for use in the ‘^membrane” 
system of waterproofing or for the con- 
struction of built-up roof coverings. 

Sampling 

2. From each shipment or fraction 
thereof representing a product of the 
same kind, class, and weight, a number 
of rolls shall be selected at random, 
equivalent to one-half the cube root of 
the total number of rolls in the lot, 
except that in lots of 1000 or less, five 
rolls shall be taken. If the cube root, 
as calculated, proves to be a fractional 
number, it shall be expressed as the 


next higher whole number. For con- 
venience, the following table is given, 
showing the number of rolls to be 
selected from shipments of various sizes; 


Packages in 
Shipment 

Up to 1000. 
1 001 to 1 728. 

1 729 to 2 744. 

2 745 to 4 096. 

4 097 to 5 832. 

5 833 to 8 000. 
8 001 to 10 648. 

10 649 to 13 842. 
13 843 to 17 576. 
17 577 to 21 952. 


Number of 
Packages 
Selected 

...5 
.. 6 
.. 7 
,.. 8 
.. 9 
..10 
...11 
.. 12 
. . 13 
. . 14 


Examination of Finished Fabric 
Width 

3. The width of each roll selected 
shall be measured to the nearest in. 
The minimum and maximum width so 
obtained shall be reported. 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-8 on Bituminous Waterproofing and Roofing 
Materials. 

2 Prior to their present publication as tentative, these 
methods were published as tentative from 1922 to 1927, 
being revised in 1923, 192S, 1926, and 1927. They were 
adopted in 1927, publisl^ as standard from 1927 to 1938, 
being revised in 1937, but withdrawn and republished as 
tentative in 1938. 


Gross Weight per Roll 

4. Each roll selected shall be weighed 
intact to the nearest \ lb. and the 
minimum and maximum gross weight 
shall be reported. 
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Weight of Wrapping and Packing 

Materials 

5. Each roll selected shall be stripped. 
All the wrappers and packing material 
shall be weighed together to the nearest 
j lb. and the average maximum weight 
thereof per roll shall be reported. 

Area per Roll 

6. Each roll selected shall be un- 
wound, observing the workmanship and 
finish while so doing. The width and 
length of each roll selected shall then be 
measured to the nearest J in. and the 
area of material contained in each roll 
shall be calculated in square feet. 

FTet Weight per Roll 

7. The rolls shall be rewound, fastened 
with pieces of light string, and then each 
roll shall be weighed to the nearest i lb. 
In the case of felted fabrics, the weight 
of each roll in pounds per 100 sq. ft. 
shall be calculated and the maximum and 
minimum weights reported. The aver- 
age weight for the rolls sampled, which 
shall be regarded as the corresponding 
weights of the entire lot, shall also be re- 
ported. In the case of woven fabrics, the 
weight of each roll shall be calculated in 
ounces per square yard, and the minimum 
weight reported, likewise recording the 
average for the rolls sampled, which 
shall be regarded as the corresponding 
weights of the entire lot. 

Weight per Unit Area and Selecting 

Representative Sample 

8. From the rolls examined, the one 
whose weight per unit area is nearest 
the average weight per unit area of the 
lot shall be selected. The roll so selected 
shall be laid flat, the first convolution or 
two carefully unwound, and v/ith a knife 
and straight edge the sheet shall be 
cleanly cut across at right angles to the 
edges. A sample measuring exactly 30 
in. in the direction of the roll’s length 


sha ll be removed. If the material is 
surfaced with sand or other fine material, 
any detached particles belonging to each 
30-in. sample shall be retained. The 
width of each sample shall be measured 
to the nearest in. Each sample, 
together with any detached surfacing, 
shall be weighed to the nearest gram. 
The weight in pounds per 100 sq. ft. or 
the weight in ounces per square yard 
shall be calculated as follows: 

A 

Weight, lb. per 100 sq. ft. = 1.0582 X — 

B 

A 

Weight, oz. per sq. yd. = 1.5238 X — 
where: 

A = weight of 30-in. sample in grams, 
and 

B ~ width of 30-in. sample in inches. 

This weight so determined shall check 
within 1 per cent the average weight per 
unit area of the lot (Section 7). If 
the sample tested fails to conform to this 
requirement, then additional samples 
shall be cut from the same roll, until one 
is obtained which does, and this sample 
shall be reserved for further examination 
as described in Sections 9 to 16. 

Note.— A s a referee method or in case any 
dispute arises regarding the properties as may 
be ascertained from the particular sample 
selected, a 30-in. sample shall be taken from 
each roll selected in accordance with Section 2 
and examined separately. 

Detached Comminuted Surfacing 

9. If the material is surfaced with sand 
or other finely comminuted material, the 
surfacing shall be swept with a moder- 
ately stiff brush from all the 30-in. 
samples selected in accordance with 
Section 8. All the material thus re- 
moved shall be caught and weighed to 
the nearest ounce. From the aggregate 
areas of all the secSons taken, the 
average weight of detached comminuted 
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surfacing shall be calculated in pounds 
per 100 sq. ft. 

Thickness 

10. The thickness of each sample shall 
be measured at ten equally spaced points 
at least 1 in. from a cut edge with a 
dead-weight micrometer gage having a 
cylindrical foot and anvil with flat bear- 
ing surfaces 1 sq. in. in area. The load 
used shall be 2 psi. The thickness for 


100 ml. of a coal-tar distillate of which 
5 to 10 per cent boils below 100 C. (212 
F.) and of which at least 90 per cent 
distills up to 180 C. (356 F.) in an 
apparatus of the form and under the 
conditions prescribed in the Standard 
Method of Test for Water in Petroleum 
Products and Other Bituminous Ma- 
terials (A.S.T.M. Designation: D 95) of 
the American Society for Testing Ma- 
terials.® The flask containing the solvent 



each roll sampled shall be averaged and 
the minimum, maximum, and average 
thicknesses calculated to the nearest 
0.001 in. 

Moisture 

11. From each sample, 2-m. test 
specimens shall be cut as shown at A-1 
and A-2 in. Fig. 1. '*The 2-in. specimens 
shall be cut iht% 1-in. squares. About 
50 g., selected at random, shall be 
accurately weighed and distilled with 


and sample shall be heated in a paraffin 
bath at a temperature of 302 to 338 F. 
(150 to 170 C.) until no further water 
passes over. The distillate shall* be 
allowed to stand in the graduated re- 
ceiver until the water separates, where- 
upon the volume of water shall be 
measured and its weight calculated. 
From this, the average percentage of 
moisture in the fabric, as received, shall 
be calculated. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Strength 

12. (a) Felted Fabrics . — With a photo- 
graphic trimmer having a stop attached 
exactly 1 in. behind the blade, ten test 
specimens from the sample shall be cut 
with the fiber grain, as shown at B-1 to 
B-IO (Fig. 1), and ten strips across the 
fiber grain as shown at C-1 to C-10 
(Fig. 1). Each specimen shall measure 
6 in. and have parallel sides 1 in. apart 
(within -h in.) with the edges cut straight 
and clean. Both sets of specimens shall 
be tested at 77 F. (25 C.), using a 
tension testing machine such as the 
Scott Strength Tester (type F, 100-lb. 
capacity), the Perkins Strip Tester, or 
equivalent apparatus, in which the 
clamps are attached to swivels free to 
move in any direction. The test speci- 
mens shall be gripped 1| in. on each end, 
leaving approximately 3 in. between the 
clamps. The tension shall be increased 
by causing the lower clamp of the 
machine to travel at a uniform speed of 
12 in. per min. If any specimen breaks 
nearer than § in. to either clamp, the 
reading shall be disregarded, and an 
additional specimen shall be tested in 
its place. The ten readings, with and 
across the grain, respectively, shall be 
averaged for each roll sampled. From 
these results the average strength with 
and across the fiber grain, respectively, 
of the fabric as supplied, shall be 
calculated. 

(&) Woven Fabrics . — Woven fabrics 
shall be tested at 70 F. (21.1 C.) in 
accordance with the grab method as 
described in Section 10 of the Standard 
General Methods of Testing Woven 
Textile Fabrics (A.S.T.M. Designation: 
D 39) of the American Society for Test- 
ing Materials.^ 

Note. — As a referee method, or in case any 
dispute arises regarding the strength, the test 
shall be repeated, with the exception that the 

< 1944 Book of A.S.T.M. Standards, Part III. 


fabric before- being tested shall be exposed at 
least 2 hr. in an atmosphere of 65 per cent 
relative humidity at 70 F. (21.1 C.). 

Pliability 

13. {a) Felted Fabrics . — From the 
sample selected in accordance with 
Section 8, ten test specimens 1 in. in 
width by 8 in. in length shall be cut 
from the sample, five in the direction of 
and five across the fiber grain. They 
shall be immersed in water at 77 F. 
(25 C.) for 10 to 15 min., then removed, 
and each specimen immediately bent 90 
deg. over the rounded edge of a block 
at a uniform speed in approximately 2 
sec. The block shall be 3-in. square by 
2 in. in thickness with rounded corners 
of |-in. radius for 15-lb. felts and f-in. 
radius for 30-lb. felts. In bending, the 
specimen shall be held by hand tightly 
against the upper 2-in. face of the block, 
and the projecting end of the specimen 
shall be bent over the rounded corner 
without exerting any strain other than 
that required to keep the specimen in 
contact with the block and to avoid 
kinking. Any surface ruptures exceed- 
ing f-in. in length shall be con- 
sidered failures. 

(&) Woven Fabrics . — From the sample 
selected in accordance with Section 8, 
five test specimens 1 in. in width by 6 in. 
in length shall be cut in the direction of 
the warp. They shall be immersed in a 
cooling mixture of ice and water at 32 F. 
(0 C.) for 10 to 15 min., then removed 
and each specimen immediately bent 
over a i^-in. mandrel through an arc of 
180 deg. at a uniform speed in approxi- 
mately 2 sec. and then, through 360 deg. 
over the same mandrel in the opposite 
direction. The specimens shall then be 
dried thoroughly and examined. If one 
or more of the test if»pecimens crack, ten 
specimens from another 'portion of the 
sample shallbe cut and the test repeated. 
If one or more of these specimens crack, 
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the material shall be considered as fail- 
ing to conform to the specifications. 

Water Absorption 

14. (a) A specimen 18 in. square (as 
shown at E, Fig. 1) shall be cut from 
each sample, weighed, and completely 
immersed in distilled water at 77 F. 
(25 C.) for 24 hr. The specimen shall 
then be removed and dried superficially 
by pressing lightly between two towels. 
As the moisture enters through the 
edges of the sheet more rapidly than 
through the surfaces, each specimen 
shall be trimmed to exactly 12 in. square, 
representing four-ninths of the original 
area, and reweighed rapidly. The in- 
crease in weight shall be calculated on 
the basis of the original test specimen 
by multiplying by 2|. The percentage 
increase in weight represents the water 
absorption. The minimum, maximum, 
and average for the lot shall be 
calculated. 

(b) Five test specimens shall be cut 
with the fiber grain as shown at F-1 to 
F-5 (Fig. 1); five other specimens shall 
be cut across the fiber grain as shown at 
G-1 to G-5 (Fig. 1); and the strength 
shall be redetermined as described in 
Section 12. The percentage decrease 
in strength after the specimen has been 
subjected to water shall be calculated. 

Loss on Heating of Asphalt Saturated 

Fabrics 

15. From .each sample, 12 by 6-in. 
test specimens shall be cut at K-1 and 
K-2 (Fig. 1), care being taken not to 
disturb any of the detached surfacing. 
Each specimen shall be weighed and 
suspended in the center of an air oven 
maintained at 221 ± 5 F. (105 ± 3 C.) 
by means of a thin wire fastened through 
holes punctured ncSar one edge. The 
thermometer shgjl be inserted in the 
oven to such a depth that its bulb will be 
in line with the center of the specimens. 


The specimens shall be kept in the oven 
for exactly 5 hr., then cooled and re- 
moved carefully, and each specimen 
weighed. The average loss shall be 
calculated as a percentage and the 
average percentage of moisture (de- 
termined in Section 11) deducted. The 
final figure shah represent the average 
loss on heating, exclusive of moisture. 

Examination of Desaturated Fabric 
Weight of Desaturated Fabric 

16. From each roll selected a 2-in. 
strip (within in.) shall be cut across 
the specimen as shown at E (Fig. 1). 
Each strip shall be extracted with carbon 
disulfide*'’ in an extractor described in 
Section 3(i^) of the Standard Methods of 
Testing Bituminous Mastics, .Grouts, 
and Like Mixtures (A.S.T.M. Designa- 
tion: D 147) of the American Society 
for Testing Materials,® the extraction 
being continued for several hours after 
the drippings have become colorless. 
The desaturated fabric shall be removed 
and heated in a ventilated oven at 225 F. 
(107.1 C.), cooled in a desiccator, any 
adhering comminuted surfacing being 
brushed off and retained, and weighed as 
rapidly as possible. The heating shall 
be repeated until the weight of the fabric 
remains constant as determined by two 
consecutive weighings, taken not less 
than 10 min. apart, which shall show a 

, further loss of not more than 0.1 per 
cent. This will give the weight of the 
fabric in the moisture-free state. Where 
a coal-tar pitch saturant has been used, 
the moisture-free weight of the de- 
saturated fabric shall be corrected for the 
carbonaceous matter retained mechani- 
cally in its interstices, by means of the 
me^od described in Section 17. 

Retained Carbonaceous Matter 

17. The following colorimetric method 
shall be used to determine the carbona- 

® In this test, chloroform may be used as an equivalent 
solvent. 


1438 


Tests eob. Bituminous Saturated Fabrics (D 146 - 44 T) 


ceous matter derived from a coal-tar 
pitch saturant and retained by the 
desaturated fabric: 

(а) About 15 g. of an unsaturated 
fabric of the same general character as 
the one under examination, shall be 
macerated by boiling in water, disinte- 
grating with a rotary egg-beater and 
picking the fibers apart with needles. 
The fibers shall be filtered through fine 
cloth and dried to constant weight at 
225 F. (107.1 C.). A 1-g. portion of the 
fibers shall be accurately weighed into a 
flask and diluted to exactly 100 ml. with 
distilled water at room temperature. 
About 50 g. of glass beads shall be added 
and the contents of the flask shaken 
vigorously until the fibers are reduced 
to a homogeneous pulp in uniform 
suspension. 

(б) A distilled coal tar, having ap- 
proximately 10 to 25 per cent of insoluble 
carbonaceous matter, shall be procured. 
The carbonaceous matter shall be ex- 
tracted with benzol until it is free from 
soluble matter, then dried to constant 
weight at 225 F. (107.1 C.). A 1-g. 
portion of the purified carbonaceous 
matter shall be accurately weighed and 
diluted to exactly 100 ml. at room 
temperature with a starch solution of a 
consistency sufficient to carry the car- 
bonaceous matter into temporary sus- 
pension. (A 12.5 per cent solution is 
recommended.) 

(c) The liquid carrying the fibers, 
obtained as described in Paragraph (a), 
shall be titrated with the suspension of 
carbonaceous matter, obtained as de- 
scribed in Paragraph (6), and from time 
to time a field prepared from a drop of 
the well agitated mixture shall be 
examined under a microscope at 100 
diameters magnification until the color 
exactly matches a field prepared from 
the desaturated fabric under examination 
(obtained as described in Section 16), 
when both are viewed side by side under 


identical conditions. The end point is 
fairly sharply defined. The burette 
reading gives directly the percentage of 
carbonaceous matter adhering to the 
moisture-free fabric under examination. 

(d) The weight of moisture-free fabric 
determined in Section 16 shall be cor- 
rected by deducting the weight of 
adhering carbonaceous matter. 

Total Comminuted Surfacing 

18. The total comminuted surfacing 
(plus any filler present in the bituminous 
saturant) represents the sum of the de- 
tached comminuted surfacing (Section 
9), and the amount brushed off from the 
surface of the desaturated fabric (Section 
16), plus the amount recovered upon 
evaporating and igniting the bituminous 
extract obtained in accordance with 
Section 16. 

Bituminous Saturant 

19. The weight of bituminous saturant 
represents the difference between the 
weight of the original fabric (Section 7), 
and the sum of the weights of the mois- 
ture-free desaturated fabric (Sections 16 
and 17), plus moisture (Section 11), plus 
the total comminuted surfacing and filler 
present (Section 18). 

Weight 

20. (a) Woven Fabrics . — Woven fab- 
rics shall be tested for weight and number 
of threads per inch in accordance with 
Sections 6 and 7 of the Standard General 
Methods of Testing Woven Textile 
Fabrics (A.S.T.M. Designation: D 39) 
of the American Society for Testing 
Materials.^ 

(b) Felted Fabrics.— The weight in 
pounds per 480 sq. ft. of the desaturated 
felt (corrected for oany carbonaceous 
matter present) for each specimen ex- 
amined shall be calculated separately 
as follows: 
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Number = 


wt. of specimen in gram s 
area of specimen in sq. cm. 


X 983 


or 

wt. of specimen in grams 

Number = — ^ ; 7 — X 152 

area of specimen in sq. in. 


This represents the “number” of the 
moisture-free felt on the felt makers’ 
scale. The minimum, maximum, and 
average number of the felt in its mois- 
ture-free state shall be calculated. This 
may be corrected to the condition in 
which it actually existed in the material 
under examination, by adding thereto 
the percentage of moisture as determined 
in Section 11. 


Ash 

21. A representative sample shall be 
secured by cutting from each, specimen 


of desaturated felt a piece about | in. in 
diameter as shown at J-i, 1 - 2 , and 1-3 
(Fig 1). About 25 g. selected at ran- 
dom from all the specimens sampled in 
this manner shall be accurately weighed, 
and incinerated in a weighed porcelain or 
quartz crucible either over an open flame 
or in a muffle, until all the carbon is 
consumed. A few drops of ammonium 
carbonate solution shall be added, the 
sample ignited gently, and weighed. 
The percentage of ash shall be calculated 
on the basis of the moisture-free felt. 

Note.^ — A s a referee method, or in case 
greater accuracy is desired, the three portions 
taken from each specimen roll shall be weighed 
and ignited separately. The minimum, maxi- 
mum, and average amount of ash present shall 
be calculated on the basis of the moisture-free 
felt. 


Tentative Methods of 

TESTING ASPHALT ROLL ROOFING, CAP SHEETS, AND 
SHINGLES! 



A.S.T.M. Designation: D 228 - 44 T 

Issued, 1930; Revised, 1931, 1933, 1937, 1942, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1, These methods cover the proce- 
dures for the physical testing and chemi- 
cal examination of roofing and shingles 
composed of asphalt-saturated roofing 
felt coated to various extents with 
asphalt and the coated portion surfaced 
with mineral powders or granules. 

Types of Roofing and Shingles 

2. Asphalt roll roofings, cap sheets, 
and shingles may be divided into three 
types (see Fig. 1), as follows: 

Type X . — A single thickness of as- 
phalt-saturated felt, coated with asphalt 
compounded with a finely powdered 
mineral filler and surfaced with 
powdered mineral matter such as talc 
or mica. 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-8 on Bituminous Waterproofing and Roofing 
Materials, 

“Latest revision accepted by Committee E-10 on Stand- 
ards, August 28, 1944. 

Prior to their present publication as tentative, these 
methods were published as tentative from 1925 to 1927, 
being revised m 1926 and 1927. They were adopted in 
1927, published as standard from 1927 to 1930, but with- 
drawn and republished as tentative in 1930. 


Note. — Type X is commercially known as 
“smooth-surfaced roll roofing” and is covered 
by the Tentative Specifications for Asphalt 
Roofing Surfaced with Powdered Talc or Mica 
(A.S.T.M. Designation: D 224) of the American 
Society for Testing Materials.® 

Type Y . — Similar to type X, but 
with the asphalt coating on the weather 
side surfaced with coarse granules. 

Note. — When coated with coarse mineral 
granules, type Y is commercially known as 
“mineral-surfaced roll roofing” and is covered 
by the Tentative Specifications for Asphalt 
Roofing Surfaced with Coarse Mineral Granules 
(A.S.T.M. Designation: D249);® or when cut 
into slabs or shingles it is commercially known 
as “asphalt shingles” and is covered by the 
Tentative Specifications for Asphalt Shingles 
Surfaced with Coarse Mineral Granules (A.S. 
T.M. Designation: D 225)® of the American 
Society for Testing Materials. The reverse 
side usually is surfaced with powdered talc or 
mica. 

Type Z . — A single thickness of as- 
phalt-saturated roofijig felt, coated on 
the weather side for approximately one 


s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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half of its width with asphalt com- 
pounded with fine mineral matter, and 
the coated portion surfaced with coarse 
mineral granules. 

Note. — Type Z is commercially known as 
“mineral-surfaced cap sheet” and is covered 


calculated, proves to be a fractional 
number, it shall be expressed as the next 
higher whole number. For convenience, 
the following table is given, showing the 
number of rolls or bundles to be selected 
from shipments of various sizes: 


Powdered Mineral Surfacing 
Asphalt Coating on Weather Side^ 



TypeX 


\ ^Asphalt Coating on Reverse Side 

\ '^Powdered Mineral Surfacing 
Asphalt -Saturated Felt 


Coarse Mineral Granules^ 

Asphalt Coating on Weather Side^ 



Type Y 


1 \ 'Asphalt Coating on Reverse Side 
1 ''Powdered Mineral Granules 


Asphalt -Saturated Felt 
Coarse Mineral Granules^ 
Asphalt Coating on Weather Side^ 



Type Z 


''Asphalt -Saturated Felt 

Fig. 1, — Construction of Asphalt Roll-Roofing, Cap Sheets, and Shingles. 


by the Standard Specifications for Wide Selvage 
Asphalt Roofing Surfaced with Coarse Mineral 
Granules (A.S.T.M. Designation: D 371) of the 
American Society for Testing Materials.® 

Sampling 

3. From each shipment or fraction 
thereof representing a product of the 
same kind, class, and weight, a number 
of roUs or bundles shall be selected at 
random, equivalent to one half the cube 
root of the total^ number of rolls or 
bundles included in the lot, except that 
in lots of 1000 ^ less five rolls or bundles 
shall be taken. If the cube root, as 


Packages in Packages 

Shipment Selected 

Up to 1 000 5 

1 001 to 1 728 6 

1 729 to 2 744 7 

2 745 to 4 096 8 

4 097 to 5 832 9 

5 833 to 8 000 10 

8 001 to 10 648 11 

10 649 to 13 824 12 

13 825 to 17 576 13 

17 577 to 21 952 .....14 


Methods of Physical Testing 
Asphalt Roll Roofing and Cap Sheets 
Weight of Roll, and Packing Material, 
Nails, Cement 

4. Each roll selected shall be weighed 
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intact to the nearest J lb. The wrap- 
pers, packing material, nails, and cement 
from each roll selected shall be weighed 
together to the nearest J lb. and the 
average weight thereof per “square” 
shall be recorded. The quantity and 
character of nails and cement shall be 
recorded. 

Weight of Loose Surfacing 

5. Each roll selected shall be un- 
wound and the workmanship and finish 
of the roofing observed. If any loose 
surfacing is noted, it shall be shaken off, 
the roll reweighed, and the loss of weight 
recorded. 

Width, Length, and Area 

6. The width and length of each roll 
selected shall be measured to the nearest 
J in., and the area of material contained 
in each roll shall be calculated in square 
feet. The average area of the rolls 
examined shall be calculated from these 
values. 

Minimum Weight per 108 sq. ft. 

7. From the information obtained 
under Sections 5 and 6, the net weight, 
exclusive of loose surfacing, of roofing 
per 108 sq. ft. contained in each roll 
selected shall be calculated. The mini- 
mum weight per 108 sq. ft. of the rolls 
examined shall be recorded. This shall 
be regarded as the minimum weight per 
108 sq. ft. of the lot. 

Average Weight per 108 sq. ft. 

8. The average weight per 108 sq. ft. 
for the rolls examined shall be calculated. 
This shall be regarded as the average 
weight per 108 sq. ft. of the lot. 

Weight per Unit Area and Selecting 

Representative Sample 

9. From the rolls examined, the one 
whose weight per 108 sq. ft. is nearest 
the average weight of the lot shall be 


selected. The roll so selected shall be 
laid flat, the first convolution or two 
carefully unwound, and with a knife and 
straightedge the sheet shall be cleanly 
cut across at right angles to the edges. 
A sample measuring 30 ± ^ in. in the 
direction of the roll’s length shall be 
removed. Any unsurfaced lapping edge 
of the roll shall be removed and the 
width of the surfaced area shall be meas- 
ured to the nearest jj in. The weight 
of the sample in ounces shall be deter- 
mined, neglecting any loose surfacing. 
The weight in pounds per 108 sq. ft. 
shall be calculated as follows: 

Weight, lb. per 108 sq. ft. = ~X 32.4 
where: 

A = weight of 30-in. sample in ounces, 
B = width of 30-in, sample in inches, 
and 

32.4 = factor for converting ounces per 
measured unit area (30 in, X B) 
to pounds per 108 sq. ft. 

The weight so determined shall check 
within 1.5 per cent the average weight 
per 108 sq. ft. of the shipment (Section 
8) . If the sample tested fails to conform 
to this requirement, then additional 
samples shall be cut from the same roll, 
until one is obtained which does, and 
this sample shall be reserved for further 
examination as described in Sections 
16 to 25. 

Note. — As a referee method, or in case any 
dispute arises regarding the properties as may 
be ascertained from the particular sample tested, 
a 30-m. sample shall be taken from each roll 
selected in accordance with Section 3 and 
examined separately. 

Asphalt Shingles 
Weight of Packing Material 

10. Each bundle **'selected shall be 
weighed to the nearest |«»lb. The pack- 
ing materials shall be weighed to the 
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nearest J lb. and the weight recorded 
separately for each bundle. The aver- 
age weight of packing material per 
"square” shall be recorded. 

Weight of Loose Surfacing 

11. The shingles in each bundle, a, 
shall be counted and the workmanship 
and finish of the shingles shall be ob- 
served. If any loose surfacing is noted, 
it shall be shaken off, the bundle re- 
weighed, and the loss of weight recorded. 

Net Weight and Area 

12. From the information obtained 
under Sections 10 and 11, the net weight, 
b, of each bundle selected, exclusive of 
loose surfacing, shall be calculated. 
The dimensions of two representative 
shingles shall be accurately measured 
and the net area, c, of material in each 
shingle calculated in square feet. 

Minimum Weight per 108 sq. ft. 

13. The area in square feet of material 
contained in each bundle selected shall 
be calculated (a X c). The net weight 
of roofing material per 108 sq. ft. con- 
tained in each bundle shall be calculated 

— ^ X 108 b and the minimum weight 
aXc ) 

per 108 sq. ft. recorded. This shall be 
regarded as the minimum weight per 
108 sq. ft. of the lot. 

Average Weight per 108 sq. ft. 

14. The average weight, per 108 sq. 
ft. for the bundles examined shall be 
calculated. This shall be regarded as 
the average weight per 108 sq. ft. of the 
lot. 

The average weight per shingle shall 
be calculated 

Selecting Representative Sample 

15. From the bundles selected, a 
definite numl^r of the representative 
shingles whose weight per 108 sq. ft. 


falls within 1.5 per cent of the average 
weight of the lot (Section 14) shall be 
reserved for further examination in 
accordance with Sections 17 to 26. The 
number of shingles so selected shall 
represent as closely as possible 6 sq. ft. 
of material, and shall be selected as far 
as possible from different bundles. 

Note. — As a referee method, or in case any 
dispute arises regarding the properties as may 
be ascertained from the particular sample tested, 
then a similar sample shall be taken from each 
bundle of shingles selected in accordance with 
Section 3 and examined separately. 

Asphalt Roll Roofing and Cap Sheets 
Pliability 

16. From the sample selected in ac- 
cordance with Section 9, ten test speci- 
mens 1 in. in width by 8 in. in length 
shall be cut from the sample, five in the 
direction of and five across the fiber 
grain. They shall be immersed in water 
at 77 F. (25 C.) for 10 to 15 min., then 
removed, and each specimen immedi- 
ately bent, with the weather side up, 90 
deg. over the rounded edge of a block 
at a uniform speed in approximately 2 
sec. The block shall be 3 in. square by 
2 in. in thickness with rounded corners 
of |-in. radius for type X roofing and 
I in. for types Y and Z roofing. In 
bending, the specimens shall be held by 
hand tightly against the upper 2-in. face 
of the block, and the projecting end of 
the specimen shall be bent over the 
rounded corner without exerting any 
strain other than that required to keep 
the specimen in contact with the block 
and to avoid kinking. Any surface 
ruptures exceeding | in. in length shall 
be considered failures. 

Asphalt Roll Roofi-ng, Cap Sheets, and 
Shingles 

Loss and Behavior on Heating 

17. Twm test specimens each approxi- 
mately 4 by 4 in., shall be cut from the 
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sample selected in accordance with 
Section 9 in the case of asphalt roll 
roofing and cap sheets, and from that 
selected in accordance with Section 15 
in the case of shingles. The specimens 
shall be weighed and then suspended 
vertically, in the same direction as the 
material would be applied to the roof, 
in the center of an air oven maintained 
at 176 rb 5 F. (80 ± 3 C.) by means of 
a thin wire fastened through holes 
punctured near one edge. The internal 
dimensions of the oven shall be not less 
than 12 by 12 by 12 in. An electrically- 
heated oven is recommended. The 
thermometer shall be inserted in the 
oven to such a depth that its bulb will be 
in line with the center of the specimens. 
The specimens shall be maintained at the 
prescribed temperature for exactly 2 
hr., then cooled in a desiccator, and each 
specimen weighed. The average loss 
of volatile matter shall be calculated 
as a percentage. Any change in ap- 
pearance of the specimen shall be 
recorded, such as flowing, sagging, 
blistering, or absorption of the asphalt 
coatings; also sliding of granular 
surfacing. 

Methods of Analysis 
Analysis of Roofing Composition 

18. The composition of the roofing 
shall be analyzed as follows : 

(a) Weight of dry felt per 108 sq. ft., 

(b) Weight of saturant (soluble in 

carbon disulfide) per 108 sq. ft., 

(c) Weight of weather side coating 

(soluble in carbon disulfide) per 
108 sq. ft. (which may be either 
side on Type X), 

(d) Weight of reverse side coating 

(soluble in carbon disulfide) per 
108 sq. ft. (which may be either 
side on Type X), 

(e) Weight of mineral matter per 108 

sq. ft. passing a No. 6 (3360- 


micron) sieve and retained on a 
No. 100 (149-micron) sieve, and 

(/) Weight of mineral matter per 108 
sq. ft. passing a No. 100 (149- 
micron) sieve. 

Preparation of Specimens for Analysis 

19. (a) From the sample representing 
the average weight of the lot of roofing, 
as obtained in Section 9 or 15, specimens 
shall be cut, each measuring approxi- 
mately 2 in. in width by 8 in. in length. 
These specimens shall be weighed, the 
length and width measured to within 
in., and the weight calculated per 108 sq. 
ft. Any of the 2 by 8-in. specimens 
whose weight varies more than 1.5 per 
cent from the average weight of the lot 
as determined in Section 8 or 14 shall be 
rejected. This process shall be con- 
tinued until eight acceptable specimens 
are obtained which shall be used for 
determining the composition of the 
roofing as described in Sections 20 to 26. 

(b) Two of the weighed 2 by 8-in. 
specimens shall each be separated into 
three horizontal sections approximately 
at the points indicated by the arrows a 
and b in Fig. 1. (These strips may be 
cut to smaller size and into disks if so 
desired.) The asphalt coatings with 
attached mineral surfacings shall be 
removed in such a manner that some of 
the saturated felt adheres to them leav- 
ing a central section of saturated felt 
free from coating. Any mineral surfac- 
ing detached during this operation shall 
be added to the section to which it 
belongs. 

Saturant in Dry Felt 

20. The saturated central horizontal 
sections from the two test specimens 
(Section 19 (b)) shall be weighed and 
then extracted with carbw disulfide in a 
suitable extractor or centrifuge until 
the washings are colorless. (Benzol 
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having a boiling point of 80 to 82 C., 
carbon tetrachloride, or chloroform may 
be used if desired, but in case of dispute 
carbon disulfide shall be used.) The 
desaturated felt shall be dried in air, 
then placed in a tared weighing bottle 
and further dried at 105 to 110 C. (221 
to 230 F.) for 30 min., and weighed. 
From this weight and the original weight 
of the saturated felt specimens, the 
percentage of asphalt saturant in the dry 
felt shall be calculated. This figure 
shall be used later for calculating the 
weight of saturant (soluble in carbon 
disulfide) per 108 sq. ft. The dry felt 
shall be preserved for the determination 
of ash (Section 23). 

Note. — The saturant may be recovered by 
the method described in the Tentative Method 
of Test for Hot Extraction of Asphaltic Ma- 
terials and Recover}'' of Bitumen by the Modi- 
fied Abson Procedure (A.S.T.M. Designation: 
D 762) .3 

Weight of Weather Side Coating Soluble 

in Carbon Disulfide 

21. (a) The horizontal sections of the 
weather side (which may be either side 
on type X roofing) containing the 
asphalt coating and mineral surfacing 
(Section 19 (b)) shall now be extracted 
with carbon disulfide (Note) in a suitable 
extractor until the washings are colorless. 
The insoluble material shall be removed 
and dried in air and the pieces of felt 
picked out and brushed free of adhering 
mineral matter. This felt shall then 
be placed in a tared weighing bottle, 
further dried at 105 to 110 C. (221 to 
230 F.) for 30 min., and weighed. From 
this weight corrected for excess ash as in 
Section 23 and the percentage of asphalt 
saturant determined in Section 20, the 
weight of asphalt in this felt shall be 
calculated. The mineral matter shall 
be dried in air «ntil free from carbon 
disulfide, then^laced in a tared weighing 
bottle, further dried for 30 min. at 105 
to no C. (221 to 230 F.), cooled in a 


desiccator, and weighed. This mineral 
matter shall be retained for sieve analysis 
(Section 25). 

Note. — Carbon tetrachloride may be used 
in place of carbon disulfide, if desired. In case 
of dispute, carbon disulfide shall be used. 

(5) Calculation — From the original 
weight of the sample subtract the com- 
bined weights of felt, asphalt, saturant in 
the felt, and mineral matter. The 
difference is the weight of weather side 
coating (soluble in carbon disulfide) per 
108 sq. ft. 

Weight of Reverse Side Coating Soluble 

in Carbon Disulfide 

22. The horizontal sections of the 
reverse side (which on Type X roofing 
will be the side opposite to that selected 
under Section 21) containing the coating 
and mineral surfacing (Section 19 (6)) 
shall now be extracted with carbon 
disulfide (Note, Section 21 (a)) and the 
weight of coating soluble in carbon 
disulfide calculated as in Section 21. 
The mineral matter recovered shall be 
combined with that obtained from the 
weather side (Section 21) and retained 
for sieve analysis (Section 25). The 
felt shall be ashed as in Section 23, in 
order to determine the true weight of felt. 

Ash of Desaturated Felt 

23. The desaturated felt obtained in 
Sections 20, 21, and 22 from the center, 
and the weather and reverse sides shall 
be ashed separately in weighed crucibles, 
either over an open flame or in a muffle 

■ furnace, until all carbon has been con- 
sumed. The weight shall be determined. 
The percentage of ash in the center 
portion (Section 20) will be assumed to 
be the true percentage of ash of the 
entire felt. The excess ash in the 
weather side portion (Section 21) will 
be added to the mineral matter passing 

■ a No. 100 (149-micron) sieve as de- 
termined in Section 25. This weight 
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will also be used for correcting the total 
weight of desaturated felt and weight 
of saturant souble in carbon disulfide. 
In like manner, the excess ash in the 
reverse side portion will be added to the 
mineral matter passing a No. 100 sieve 
and used for correcting the total weights 
of felt and saturant soluble in carbon 
disulfide. 

Weight of Dry Desaturated Felt per 108 

sq. ft. 

24. The combined weights of the felt 
from the center portion obtained in 
Section 20 and the weights of the felts 
from the weather side and reverse side 
portions obtained in Sections 21 and 22, 
respectively, corrected for excess ash 
(Section 23) shall be the total weight of 
dry felt in the two 2 by 8-in. specimens. 
From this weight calculate the weight of 
dry felt per 108 sq. ft. 

Weight of Mineral Matter 

25. {a) The total mineral matter re- 
covered in Sections 21 and 22 plus the 
excess ash (Section 23) shall be moistened 
with a few drops of alcohol, boiled with 
100 mi. of water, and washed successively 
through No, 6 (3360-micron), and No. 
100 (149-micron) sieves with sufficient 
hot water to remove the fine mineral 
matter. The mineral matter retained on 
each sieve shall be collected separately, 
dried at 105 to 110 C. (221 to 230 F.) for 
30 min,, and weighed. From these 
weights, the weight of mineral matter 
shall be calculated and reported as 
follows; 

Passing Sieve Retained on Weight of 

Sieve Mineral Matter 
per 108 sq. it. 

No. 6 (3360-micron) No. 100 (149-micron) 

No. 100 (149-miCTon)“ 

“ By difference. 


(&) To check the weight of mineral 
matter passing a No. 100 (149-micron) 
sieve, the total aqueous suspension of 
mineral matter which passes through the 
No. 100 sieve shall be recovered by 
filtering through a weighed Gooch cruci- 
ble, dried at 105 to 110 C. (221 to 230 F.), 
and weighed. 

Analysis of Heavy Butt Shingles 

26. (a) Specimens 2 in. in width and 
8 in. in length shall be cut from the thin 
portion of samples selected in accordance 
with Section 15. These specimens shall 
be analyzed in accordance with the 
procedures described in Sections 20 to 
25, inclusive, except that the calculation 
of the weight of the weather side coating 
shall be made by subtracting from the 
original weight of the sample the com- 
bined weight of the felt, the saturant in 
the felt, and the mineral matter passing 
a No. 6 (3360-micron) sieve and retained 
on a No. 100 (149-micron) sieve. (It is 
assumed that all granular surfacing and 
the greater portion of talc surfacing will 
be retained on a No. 100 (149-micron) 
sieve, and that the mineral filler will 
pass through.) 

(6) Specimens from the thick portion 
of the shingle shall be secured and 
analyzed in accordance with the pro- 
cedure described in Paragraph {a). 

(c) The composition of the shingle as 
a whole, with reference to the specified 
requirements, shall be calculated from 
the combined areas of the respective 
portions analyzed in Paragraphs {a) 
and (5). 

Note. — ^T he method of analysis described in 
this section is not suitable for analyzing thick 
butt shingles of the “Tapered Type.” 



TECHNICAL ASSOCIATION OF PULP AND PAPER INDUSTRY 
STANDARD METHOD T 427m-43 


Tentative Method of Test for 

lOEROSINE NUMBER OF ROOFING AND FLOORING FELT 
BY THE VACUUM METHOD' 



A.S.T.M. Designation; D 727 - 43 T 
Issued, 1943.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test for the absorp- 
tive qualities of felt, expressed as kero- 
sine number, is applicable to felts used 
in the manufacture of roofing and floor- 
ing. 

Note. — The kerosine number of a felt, as 
determined by this method, is based on the 
relation between the specific gravity of the 
kerosine used and the specific gravity of water 
(1.00). To obtain the relation between the 
saturating capacity of the felt and any bitumi- 
nous saturant to be used with the felt, the specific 
gravity at 77 F. (25 C.) of the bitumen shall be 
determined in accordance with the Standard 
Method of Test for Specific Gravity of Road 
Oils, Road Tars, Asphalt Cements, and Soft 
Tar Pitches (A.S.T.M. Designation: D 70) of 
the American Society for Testing Materials,® and 
that figure multiplied by the “kerosine number” 
of the felt, and expressed as a percentage figure. 

Kerosine Number 

2. The kerosine number of roofing 
and flooring felt is calculated from the 


I Under the standardization procedure of the Society, 
this method is under Ae jurisdiction of the A.S.T.M. 
Committee D-6 on Paper and Paper Products. 

* Accepted by the Society at annual meeting, June, 
1943. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


maximum weight of a kerosine oil, of 
known specific gravity, retained by the 
felt after displacement of all the air from 
the interior voids. It is a measure of 
the amount of saturant which a given 
felt will absorb. 

Apparatus 

3. The apparatus shall consist of the 
following: 

{a) Balance . — ^Analytical balance, 

sensitive to 1 mg. 

(d) Oven . — Laboratory oven, steam 
or electrically heated and capable of 
maintaining a temperature between 220 
and 225 F., inside dimensions to be not 
less than 12 by 12 by 12 in. 

(c) Weighing Container . — ^Lightweight 
glass or metal contaiaer with tight- 
fitting cover for weighing the specimens, 
and of a suitable size to hold the speci- 
mens in a horizontal position without 
bending or distorting them. 

{d) Thermo-Hydrometer . — Glass hy- 
drometer and thermometer combined, 
also a glass hydrometer cylinder as 
prescribed in the Standard Method of 
Test for Gravity of Petroleum and 
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Petroleum Products by Means of the 
Hydrometer (A.S.T.M. Designation: D 
287) of the American Society for Testing 
Materials.^ 

{e) Vacuum Pump . — A vacuum 
pump capable of reaching and main- 
taining a vacuum of not less than 28 in. 
of mercury in the test cylinder. 

(f) Vacuum Cylinder . — A glass vessel 
of approximately 1500 cu. cm, capacity 
for soaking the felt specimens in kerosine 
under vacuum. 

(g) Desiccator . — ^A desiccator of size 
suitable for cooling felt strips in the 
weighing containers. 

Kerosine 

4. The water-white kerosine used in 
the test shall have a specific gravity be- 
tween 0.776 and 0.825 at 25 C. (77 F.). 

Test Specimens 

5. Six representative specimens each 

measuring 2 | by 5 ± | in. in size 

shall be selected from the felt to be 
tested. The specimens shall be cut 
with the 5-in. side running parallel to 
the machine direction of the sheet. 

Procedure 

6. (a) Place the test specimens in the 
tared weighing container and expose 
them, uncovered, for not less than 1 
nor more than 2 hr. m the oven, the 
interior of which is maintained uniformly 
at a temperature between 220 and 225 F. 
The. specimens shall be kept flat; they 
shall not be folded, rolled, or in any way 
distorted. Handle the sis specimens as 
a unit in all of the following operations. 

(5) Remove the specimens from the 
oven in the weighing container and 
place, still uncovered, in the desiccator 
to cool, 

(c) Rapidly seal the weighing con- 
tainer with its cover and weigh the 
container and included specimens on the 

4 1944 Book of A.S.T.M. Standards, Part III, 


analytical balance to the nearest 10 mg. 
Calculate the net weight of the dry 
specimens. 

(d) Insert a wire hook in one corner of 
the specimens and immerse them at once 
in a vertical position in 1 liter of kerosine 
at 25 ± 1 C. (77 rb 1.8 F.) in the glass 
vacuum vessel. Apply a vacuum of not 
less than 28 in. of mercury to the vessel 
containing the specimens and hold them 
under that condition for 15 min., or 
until the bubbles cease to come from 
the specimens, whichever period is the 
longer. Remove the specimens from 
the kerosine and permit them to drain 
in the machine direction of the felt 
fibers for 3 min. dr 1 sec., allowing the 
lower corner of each specimen to touch 
the edge of the kerosine container. 

(e) Return the specimens to their 
weighing container, seal with its cover, 
and determine and record the combined 
weight of the specimens and the kerosine 
which they have absorbed. 

(/) Determine the specific gravity at 
25 C. (77 F.) of the kerosine used in the 
test in accordance with the Standard 
Method of Test for Gravity of Petroleum 
and Petroleum Products by Means of 
the Hydrometer (A.S.T.M. Designation: 
D 287) of the American Society for 
Testing Materials.'^ 


Calculation and Report 

7. (a) Calculate the kerosine number 
of the specimens as follows: 

Kerosine number = (H X X 100^ 


where: 

a = weight of dry felt, 
b — weight of felt plus absorbed kero- 
sine, and 

g = specific gravity of kerosine at 25 C. 
(77 F.) 

< (b) Report . — Report the results of the 
kerosine number determinations to three 
significant figures. 



Tentative Recommended Practice for 

ACCELERATED WEATHERING TEST OF 
BITUMINOUS MATERIALS' 



A.S.T.M. Designation : D S29 - 39 T 

Issued, 1939.* 

This Tentative Recommended Practice of the American Society for Testing Ma- 
terials is, under its Regulations, subject to annual revision. Suggestions for re- 
vision should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This recommended practice is in- 
tended to produce rapid deterioration of 
bituminous materials under conditions 
simulating extreme outdoor exposure. 

Apparatus 

2. The apparatus required consists 
of an enclosed carbon-arc lamp, a 
cylinder, sprinkler, spray, and an ar- 
rangement for temperature control dur- 
ing the light period. The general 
arrangement of the cylinder and lamp 
as shown in Fig. 1 is suitable for testing 
materials in a vertical position, such as 
the harder bituminous compounds and 
roofings. Soft materials, of necessity, 
should be tested in a horizontal position 
and a mercury-arc lamp is better adapted 
in that case than a carbon-arc lamp. 

{a) Carbon-arc Lamp . — The carbon- 
arc lamp (Note) shall operate on a 
220-v. line, alternating current. The 
voltage shall be reduced by means of a 
resistance to 130 to 145 v. The lamp 
shall operate at 15 to 17 amp., and shall 

1 Under the standaniization procedure of the Society, 
this recommended practice is under the jurisdiction of the 
A.S.T.M. Commit^ D-8 on Bituminous Waterproofing 
and Roofing Materials. 

2 Accepted by the Society at annual meeting, June, 
1939. 


have approximately the 

following spec- 

tral range:® 

Percentage Total 
Radiation to Limit 

Spectral Range, m** 

of Fluorite Trans- 
mission in Infra Red 

(12,000 gja) 

Alternating Current 
Arc, 60 cycles, 

15 to 17 amp. 

279 to 290 

.... 0.8 

290 to 320 

.... 4.1 

320 to 360 

.... 6.0 

360 to 480 

.... 14.5 

480 to 600 

.... 8.0 

600 to 1400 

.... 14.8 

1400 to 4 200 

.... 21.4 

4200 to 12 000 

.... 30.4 

Under these conditions the intensity of 

the light (15 in. opposite the flame) 


shall be between 3500 to 4000 foot- 
candles. 

Note. — The alternating carbon-arc lamp 
described in this method is taken as the standard 
as it is now in general use. Mercury-arc, 
direct-current carbon-arc lamps, and other 
types of alternating-current carbon-arc lamps 
if employed must be defined in relation to the 
standard lamp. 

(5) Cylinder . — An open, metal cylin- 
der 30 in. in diameter and about 15 in. 
in depth, equipped with slots or hooks 


* Proceedings, Am. Soc. Testing Mats., Vol. 33, Part 


p. 379 (1933). 
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to hold the test specimens and con- 
nected with a revolving mechanism, 
geared to furnish one revolution in 
20 min., shall surround the lamp. The 
cylinder shall be equipped, in the lower 
central portion with a rotary sprinkler 
(Fig. 2) and with a spray placed ver- 
tically, close to the inner rim (Fig. 1). 
The lamp and cylinder shall be sus- 
pended over a pan (sump) about 4 to 5 



Fig. 1. — Apparatus for Accelerated Weathering 
Test. 


in. in depth, the latter equipped with 
an overflow pipe. 

(c) Temperahire Control . — For main- 
taining the test specimens at a uniform 
temperature during the light period the 
weathering apparatus shall be equipped 
with some suitable means of automatic 
temperature control. 

(d) Refrigerator . — A refrigerator ca- 
pable of maintaining a temperature 
of -10 F. ( — 23 C.) may be used as a 


separate unit when a cold period is 
desired as a feature of the test cycle. 

Test Specimens 

3. The test specimens shall be ap- 
proximately 6 in. in length and 3 in. in 
width. Bitumens and bituminous com- 
pounds shall be melted and spread to a 
uniform thickness over one surface of an 
aluminum plate of about tV in. in thick- 



Fig. 2. — ^View of Apparatus Showing Rotary 
Sprinkler. 


ness. Fabricated materials, such as 
bituminous roofing materials, shall be 
cut to size and their weather surface 
exposed directly to the test cycle. If 
these are too flexible to sustain their 
own weight they may be mounted upon 
an aluminum plate. 

Procedure 

4. (a) The test spe'cimens shall be 
subjected to a daily wef>thering cycle 
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consisting of periods of exposure to 
cold, light, and water. The weathering 
cycle (Note) shall be one of the other 
of the following three types according 
to the purpose of the test. 

Note. — Three cycles are offered because 
experience has taught that weather varies 
considerably from place to place. The differ- 
ence between the three cycles is principally 
in the water treatment; cycle A is a fairly 
“dry” cycle, cycle B is wetter, while cycle C 
is the wettest and simulates a hot humid 
climate. Any of these cycles will determine 
the effect of the weathering upon bituminous 
materials. 

CYCLE A'*'® 

For a Period of 

Cold exposure If hr. 

Water exposure 1 hr. 

Light exposure 1| hr. 

Water exposure 2 hr. 

Light exposure 16| hr. 

CYCLE b5 

Water exposure f hr. 

Cold exposure If hr. 

Light - spray 4 hr. 

Water exposure § hr. 

Light exposure 17 hr. 

CYCLE C® 

Light -spray 22 hr. 

Cold exposure If hr. 


“To change from one exposure period to the other 
requires approximately IS min. 

(b) For the light, rain, and light - 
spray exposure periods, the specimens 
shall be placed in the holders of the 
cylinder. For the rain period the lamp 
shah be raised above the cylinder, the 
latter covered, and the specimens 
sprinkled vigorously with water by 
means of a rotary spray which operates 
at the bottom of the cylinder. 

(c) For the cold exposure period, 
the specimens shall be placed in the 


‘This cycle is described in Proceedings, Am. Soc. 
Testing Mats., Vol. 33, Part I, p. 381 (1933). 

6 This cycle is described in Proceedings, Am. Soc. 
Testing Mats., Vol. 37, Part I, p. 419 (1937). 

‘ This cycle, withopi the cold exposure period, is 
described in a paper by Hubert R. Snoke and Braxton E. 
Gallup on “Accelerated Weathering Tests of Mineral- 
Surfaced Asphalt Singles,” Journal of Research, Nat. 
Bureau Standards, Vol. 18, No. 6, p. 669 (1937) Research 
Paper 1002. 


refrigerator, previously cooled to —10 F. 
(-23 C.). To change the panels from 
the cylinder to the refrigerator shall not 
require more than 15 min. and the same 
time may again be allowed after the 
cold period to return the specimens to 
the cylinder for the light - spray period. 

(d) For the light period, the lamp 
shall be operated with the revolving 
cylinder. During the light - spray 
period, the light from the lamp shall 
shine on the specimens continuously 
while the water, running constantly 
from the spray at a fixed point, shall wet 
the specimens in the revolving cylinder 
once every 20 min. 

(e) The air temperature during the 
light period shall be 140 ± 5 F. (60 rfc 
2.8 C.) This temperature shall be 
measured by means of a transparent- 
bulb, mercury thermometer placed be- 
hind the aluminum panel holder so that 
the bulb of the thermometer is shielded 
from the arc light by the panel holder 
between the two tiers of test specimens 
and shall be half way between the panel 
holder and the cylinder of the weathering 
apparatus. 

If) The radiation temperature during 
the light period shall be 180 ± 5 F. 
(82 d= 2.8 C.) This temperature shall 
be measured by means of a mercury 
thermometer, the bulb of which is thinly 
coated with unweathered asphalt. This 
thermometer shall be mounted inside the 
rotating cylinder at a distance of J in. 
from the surface of the center of the 
panels and with its bulb on a level with 
the center of the panel holder between 
the two tiers of test specimens. 

(g) In the case of the light - spray 
period, the specimens will, of course, be 
cooled as they pass by the water spray; 
the specimens should, however, warm to 
about these standard temperatures 
before being wet again. (At times it 
may be necessary to use warm water 
for spraying in order to reach such a 
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temperature). Water (2 to 4 in. in 
depth) shall be kept in the tank or sump 
all the time, the excess water flowing out 
over the overflow. 

Qi) The position of the test specimens 
in the revolving cylinder shall be 
changed for each repetition of any one 
of the cycles, especially with respect to 
their location in the upper or lower 
tiers of slots or hooks, in order to com- 
pensate for unavoidable differences in 
their relation to the light source. 


Determining Extent of Weathering 

5. The result of the accelerated 
weathering tests shall be determined by 
comparing specimens of the unweathered 
material with test specimens that have 
been weathered. The durability of the 
material may be expressed as the number 
of cycles of weathering that are required 
to bring about definite changes in the 
pliability, breaking strength, solubility 
in standard solvents, and appearance 
of the material tested. 


Tentative Methods of 

TESTING VENEER, PLYWOOD, AND OTHER WOOD AND 
WOOD-BASE MATERIALS' 



A.S.T.M. Designation: D 805 - 44 T 
Issued, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St,, Philadelphia 2, Pa. 


Scope 

1. These methods cover procedures 
for determining the following properties 
of veneer, plywood, and other wood and 
wood-base materials: 

(a) Compression : 

(J) Load applied parallel or perpen- 
dicular to the grain direction for ma- 
terial over J in. in thickness, 

(2) Load applied parallel or perpen- 
dicular to the grain direction for ma- 
terial f in. in thickness or less, and 

(3) Load applied at an angle to the 
grain direction, 

(d) Static bending, 

(c) Tension, 

(d) Panel shear, Forest Products Lab- 
oratory Test (FPL), 

(e) Plate shear, Forest Products Lab- 
oratory Test (FPL), 

(/) Toughness, 

(g) Hardness, and 

(/k) Moisture content and specific 
gravity. 


1 Under the standaiiization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-7 on Wood. 

2 Accepted by Sbmmittee E-10 on Standards, August 
28 1944. 


Note. — ^The expanding use of plywood, 
wood, and wood-base laminated materials has 
stimulated an interest in the mechanical proper- 
ties of these materials, and in. methods for 
evaluating their mechanical properties. In the 
preparation of these methods of test, special 
consideration has been given to procedures 
already in satisfactory use in the determination 
of the mechanical and physical properties. 
Consideration has been given also to the correla- 
tion of the methods with related procedures 
already in use or under consideration for other 
materials. 

The mechanical tests described in these 
methods may be made to obtain strength data 
for design purposes, to determine the effect on 
strength of various treatments or of various 
factors in processing, to ascertain properties in 
relation to the various grain or fiber directions 
of the material, to compare the properties of 
different base materials or different species, and 
for other similar purposes. 

Test Specimen 

2. (a) Selection of Test Specimens . — 
The number of test specimens to be 
cliosen, and the method of their selection 
depend on the purpose of the particular 
tests under consideration, and no general 
rule can be given to cover all cases. 
However, if specimens are to be used for 
acceptance tests, not less than five speci- 
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mens of a type shall be tested. Speci- 
mens shall not be taken closer to the edge 
of the sheet or panel than twice the 
thickness of the sheet or panel. 

(b) Control of Moisture Content . — ^All 
test specimens shall be brought to con- 
stant weight before testing, preferably 
in a conditioning room with temperature 
and humidity control. Because of the 
influence of moisture and temperature 
on the mechanical properties, the tests 
shall preferably be made in a room under 
temperature and humidity control. A 
temperature of 72 F. and a relative hu- 
midity of 63 per cent is recommended, 
which corresponds in wood to a moisture 
content of about 12 per cent, based on 
the oven-dry weight. In any event, the 
tests shall be conducted so that the 
moisture content will be uniform 
throughout the thickness, and so that 
changes in the moisture content of the 
specimens will not occur during the test. 

Report 

3. The report of each test shall include 
a complete description of the material. 
For plywood, the report shall include the 
species and thickness of each ply, the 
grain direction, the t 5 ^e of glue, the kind 
of veneer with respect to method of cut- 
ting, the pressing temperature, and the 
pressure for each panel; for the wood 
and wood-base materials the report 
shall include the essential information 
on the base material, the method of 
treatment or impregnation, if any, the 
kind and amount of impregnating mate- 
rial used, the direction of the grain or 
fibers, the temperature and pressure used, 
and the thickness. 

CoiwpRESsioN Parallel or Perpen- 
dicular TO Grain 


perpendicular to the length of the test 
specimen. 

Test Specimen 

5. (a) The test specimen shall be rec- 
tangular in cross-section. The width 
and thickness shall be measured to the 
nearest 0,001 in. and the length to the 
nearest 0.01 in. 

(6) Material Over I in. in Thickness . — 
For material over | in, in thickness, the 
specimen shall have a thickness equal to 
that of the material and the width shall 
be a minimum of 1 in, but not less than 
the thickness. The length shall be not 
greater than seven times the least cross- 
sectional dimension. 

(c) Material \m. or Less in Thickness. 
— For material J in. and less in thickness, 
the specimen shall have a thickness equal 
to that of the material and the width 
shall be nominally 1 in. The length 
shall be 4 in. Such specimens shall be 
supported laterally throughout the test. 

End Surfaces Parallel 

6. Care shall be taken in preparing the 
test specimens to make the end surfaces 
smooth and parallel to each other and at 
right angles to the length. 

Lateral Support 

7. Test specimens | in. or less in thick- 
ness shall be supported laterally to pre- 
vent buckling during the test, but undue 
pressure shall not be exerted against the 
sides of the specimen. This support 
shall not measurably restrain the normal 
compressive deformation under load. 
A satisfactory method of providing lat- 
eral support is illustrated in Fig. 1 and a 
detailed design of this apparatus is shown 
in Fig. 2, 


Direction of Grain or Fibers Loading Procedure r 

4. The grain direction of the individual 8. The load shall be applied through a 
plies or laminations shall be parallel or spherical bearing block preferably of the 
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suspended, self-aligning type. The load 
shall be applied with a continuous motion 
of the movable head to maximum load at 
a rate of 0.003 in, per in. of length of the 
specimen per minute within a permissible 
variation of plus or minus 25 per cent. 

Note. — A fter the maximum load has been 
reached, the rate of loading may be increased to 
develop failure. 


from the specimen ends. Figure 3 shows 
a type of Lamb’s roller compressometer, 
with a 2-in. gage length that has been 
found satisfactory for specimens 3i to 6 
in. in length. A suitable arrangement of 
a Marten’s mirror having a 2-in. gage 
length for measuring deformations of 
laterally supported specimens is illus- 
trated in Fig. 1. 



Fig. 1. — Compression Test of Thin Plywood Supported Laterally Showing Marten’s Mirror 
Compressometer for Measuring Deformations on Two Opposite Faces. 


Load-Deformation Curves 

9. Data for load-deformation curves 
may be taken to determine the modulus 
of elasticity and the proportional limit. 
Increments of load shall be chosen so 
that not less than 12 and preferably 15 or 
more readings of load and deformation 
are taken to the proportional limit. The 
deformation shall be read to the nearest 
0.0001 in, Compressometers shall be 
attached over the central portion of the 
length of the specimen and the points of 
attachment shall be not less than f in. 


Moisture and Specific Gravity 

10. The moisture content and specific 
gravity of each test specimen shall be 
determined as described in Sections 52 
and 53. 

Compression at an Angle 
TO THE Grain 

Test Specimen 

11. The specimen shall be rectangular 
in cross-section. The thickness of the 
specimen shall be equal to the thickness 
of the material (Note) and the height 



1456 Tests eob. Veneee, Plywood, and Wood-Base Materials (D 805 — 44 T) 



-Apparatus for Lateral Support for Compression Test. 
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shall be not greater than seven times the 
thickness. The width shall be not less 
than the height nor more than four times 
the height , The thickness shall be meas- 
ured to the nearest 0.001 in. and the 
width and height to the nearest 0.01 in. 

Note. — This method of test is applicable only 
to material J in. or greater in thickness. 


the suspended, self-aligning type. When 
the test specimen is of considerable 
width, it may be necessary to transmit 
the load to the specimen by means of a 
rigid, rectangular steel bar. The load 
shall be applied with a continuous motion 
of the movable head to maximum load at 
a rate of 0.003 in. per in. of length of the 


-Compression Test of Plywood Prism Showing Roller Compressometer Attachment (2- 
Gage Length) Affording Average Deformation for Two Opposite Faces. 


End Surfaces Parallel 

12. Care shall be taken in preparing the 
test specimens to make the end surfaces 
smooth and parallel to each other and at 
right angles to the height. 

Loading Procedure 

13. The load^hall be applied through 
a spherical bearing block preferably of 


specimen per minute' within a permissible 
variation of plus or minus 25 per cent. 

Load-Deformation Curves 

14. Data for load-deformation curves 
may be taken to determine the modulus 
of elasticity and the proportional limit 
Increments of load shall be chosen so that 
not less than 12 and preferably 15 or 
more readings of load and deformation 
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are taken to the proportional limit. The 
deformation shall be read to the nearest 
0.0001 in. Compressometers shall be 
attached over the central portion of the 
length of the specimen and the points of 
attachment shall be not less than f in. 
from the specimen ends. Figure 4 
shows a Marten’s mirror compressometer 


Test Specimen 

17. The test specimen shall be rec- 
tangular in cross-section. The depth of 
the specimen shall be equal to the thick- 
ness of material and the width shall be 

1 in. for depths not exceeding 1 in., and 

2 in. for greater depths. When the 
grain direction of the face plies or laniina- 


Fig. 4. — Compression Test of Pljovood Showing Type of Specimen Used When Load is Applied at 
an Angle Other Than 0 or 90 deg. to the Direction of Grain and Application 
of Marten’s Mirror-Type Compressometer. 


with a 1-in. gage length that has been 
found satisfactory. 

Moisture and Specific Gravity 

15. The moisture content and specific 
gravity of each test specimen shall be 
determined as described in Sections 52 
and 53. 

Static Bending 
Direction of Grain or Fibers 

16. The grain direction of the individ- 
ual plies or laminations shall be parallel 
or perpendicular to the span length. 


tions is parallel to the span, the length of 
the specimen shall be not less than 48 
times the depth plus 2 in.; when the 
grain direction of the face plies or lamina- 
tions is perpendicular to the span, the 
specimen length shall be not less than 24 
times the depth plus 2 in. The actual 
width and depth shall be measured to the 
nearest 0.001 in. and the specimen and 
span length shall be measured to the 
nearest 0.01 in. 

Span and Supports « 

18. Center loading shall be used. The 
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span shall be not less than 48 tim es the 
depth when the grain direction of the face 
plies or laminations of the test specimen 
is parallel to the span and not less than 


Loading Block 

19. A loading block having a radius of 
curvature of one and one-half times the 
depth of the test specimen for a chord 




Fig. 5. — Apparatus for Static Bending Test Showing Details of Laterally Adjustable Supports, 


24 times the depth when the grain direc- 
tion of the face plies or laminations is 
perpendicular to the span. A 1-in. over- 
hang shall be allowed at each end (see 
Section 17). Round-nosed knife-edges 
or roller-bearing supports may be used. 
In both instances, the supports shall be 
adjustable laterally to compensate for 
slight twist or warp in the specimen. 
The construction^ of this apparatus is 
shown in detail in Fig. 5. In cases where 
excessive locah 'deformation may occur, 
suitable bearing plates shall be used. 


length of not less than twice the depth of 
the specimen shall be used. In cases 
where excessive local deformation may 
occur, suitable bearing plates shall be 
used. 

Loading Procedure 

20. The load shall be applied with a 
continuous motion of the movable head 
throughout the test. The rate of load 
apphcation shall be such that the unit 
rate of fiber strain is equal to 0.0015 in. 
per in. of outer fiber length per minute 
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within a permissible variation of plus or 
minus 25 per cent. The rate of motion 
of the movable head may be calculated 
as follows : 


proportional limit, work to maximum 
load, and total work. Deflections may 
be taken by the methods indicated in 
Figs. 6 or 7, and readings shall be taken 
to the nearest 0.001 in. Increments of 
load shall be chosen so that not less than 


Fig. 6. — Static Bending 


Dial Gage for Observing Deflections of Thin Material. 


Method of Attaching 


where: 

N — rate of motion of moving head, in 
inches per minute, 

L = span, in inches, 
d = depth of beam, in inches, and 
z — unit rate of fiber strain, in inches 
per inch of outer fiber length per 
minute (0.0015). 

Load-Defiection Curves 

21. Data for load-deflection curves 
may be taken to determine the modulus 
of elasticit)^, proportional limit, work to 


12 and preferably 15 or more readings of 
load and deflection are taken to the pro- 
portional limit. 

Moisture and Specific Gravity 

22. The moisture content and specific 

gravity of each test specimen shall be 
determined as described in Sections 52 
and 53. r 

TENSIOi^.. 

Test Specimen 

23. The size and shape of the test 
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specimen shall be selected from the three 
types (A, B, or C) shown in Fig. 8. The 
basis for selection shall be the grain angle 
and the thickness of the material. If 
the grain of the individual plies or lami- 
nations makes an angle other than 0 or 
90 deg. with the length of the specimen, 
type C shall be used regardless of the 


erly shaped using a template in conjunc- 
tion with a vertical-spindle woodworking 
shaper or any other method that will 
give equally satisfactory results. 

Loading Procedure 

25. The load shall be applied continu- 
ously throughout the test at a rate of 



-Static Bending I'est on Thick Plywood Showing Roller Bearing at Supports and Special 
Yoke with Dial Gage for Measuring Deflection at the Neutral Axis. 


thickness of the material. Type A shall 
be used for material over | in. in thick- 
ness and type B for material in. or less 
in thickness. The specimen shall have a 
thickness equal to that of the material 
and it shall be measured to the nearest 
0.001 in. ; the width at the critical section 
shall also be measured to the nearest 
0.001 in. 

' n 

Shaping of Specimen 
24. The test specimens shall be prop- 


motion of the movable head of 0.035 in. 
per min. The specimen shall be held in 
wedge-tjpe self-tightening and self-align- 
ing grips. 

Load-Deformation Curves 
26. Data for load-deformation curves 
may be taken to determine the modulus 
of elasticity and the proportional limit. 
Increments of load shall be chosen so 
that not less than 12 and preferably 15 
or more readings of load and deformation 
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are taken to the proportional limit. The 
deformation apparatus shall be attached 
at the central portion of the length of the 
specimen at the center of the portion 
of constant cross-section. Deformation 
readings shall be taken to the nearest 
0.0001 in. Figures 9 and 10 show 2-in. 
gage length Tripolitis extensometers that 
have been found satisfactory for this test. 

Moisture and Specific Gravity 

27. The moisture content and specific 
gravity of each test specimen shall be 
determined as described in Sections 52 
and 53. For determining specific grav- 


size and thickness of reinforcing blocks 
(hard maple or birch) shall also conform 
to the values prescribed in this table. 
The thickness of t)je specimen shall be . 
measured to the nearest 0.001 in. and 
the actual width and length of the panel 
shall be measured to the nearest 0.01 in. 

Size and Location of Pins 

30. The sizes and location of the pins 
used to load the panel shall be as pre- 
scribed in Table I. Care shall be taken 
in drilling the holes to make the surfaces 
smooth and the axes perpendicular to the 
plane of the plywood. 



4 3 C 


Note.— A generous radius of curvature at the minimum section as provided in this specimen is highly desirable 
Fig. 8. — Dimensions and Details of Plywood Tension Test Specimens. 


ity, a separate specimen closely matched 
to the tension specimens shall be used. 

Panel Spiear (Forest Products 
Laboratory Test) 

Direction of Grain 

28. The grain direction of the individ- 
ual plies shall be at an angle of 0 or 90 
deg. with the edges of the panel. 

Test Specimen 

29. The dimensions of the test speci- 
men (Figs. 11 and 12) shall conform to 
the sizes prescribed in Table I for the re- 
spective thickness of plywood used. The 


Pins and Rollers 

31. The pins shall be of a quality equal 
to that of steel having a yield point of 
approximately 100,000 psi. and an ulti- 
mate tensile strength of approximately 
125,000 psi. The rollers shall be the 
ball or roller-bearing type of standard 
bearing sizes with an inside diameter 
approximately 0.001 in. larger than the 
pin diameter. Where necessary a sleeve 
bushing shall be pressed into the bearing 
to achieve this tolerance. For pin 
diameters in excess of 0rS12 in., double- 
row ball bearings or roller bearings of 





— Tension Test of Thick Plywood Show- 
Nonaveraging Type of Extensometer 
(2-in. Gage Length). 


Fig. 10. — ^Tension Test of Plywood with Ex- 
tensometer Attachment Showing Specimen Used 
When Load is Applied at an Angle Other Than 
0 or 90 deg. to the Direction of the Grain of the 
Plies. 
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equivalent strength shall be used. The 
outside bearing diameter shall be equal 
to that prescribed in Table I. 

Loading Procedure 


32, The load shall be applied by special 
steel loading blocks which articulate with 



Pig. 11. — Panel Shear Test (F.P.L.) Showing 
Specimen Used and Method of Loading. 

Strain gages may be attached if 
necessary or desired. 

the rollers and pins attached to the test 
specimen. The angle between faces of 
the loading block shall be 90 deg. and 
between eacl^ face and the base the angle 
shall be 45 deg. A spherical bearing 
block, preferably of the suspended, self- 
aligning type shall be employed in the 
loading system. The load shall be ap- 
plied continuously throughout the test 
with a uniform motion of the movable 


head of the testing machine equal to 
0.005 in. per in. of length of diagonal per 
minute within a permissible variation of 
plus or minus 25 per cent. 

Load-Deformation Curves 

33. Data for load-deformation curves 
may be taken to determine the modulus 
of elasticity and the proportional limit. 
Strain gages shall be attached to the 
central portion of a diagonal on opposite 
sides of the specimen. The deformation 
shall be read to the nearest 0.0001 in. 

Calculation 

34. The unit shear stress on the ply- 
wood panel shall be calculated as follows: 

_ 0.707 P 
~ Li 

where: 

/s — unit shear stress, in pounds per 
square inch, 

P = total applied load, in pounds, 

L = side of square panel specimen (see 
Fig. 12), and 

t = thickness of specimen (see Fig. 12), 
in inches. 

Moisture and Specific Gravity 

35. After the test a section shall be cut 
out of the panel, weighed and measured, 
and used to determine the moisture con- 
tent and specific gravity of the specimen 
as described in Sections 52 and 53. 

Plate Shear (Forest Products 
Laboratory Test) 

Direction of Grain 

36. The grain direction of the individ- 
ual pUes or laminations shall be parallel 
or perpendicular to the edges of the test 
specimen. 

Test Specimen 

37. The test specimen shall be square 
with the thickness equal to the thickness 
of the material and the length and width 
not less than 25 nor mo|se than 40 times 
the thickness. The tliickness shall be 
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TABLE I.-DIMENSIONS OF PLYWOOD PANEL SHEAR SPECIMENS. 
(To be used with Fig. 12) 


Maximum 
Allowable 
Panel Size 
(between 
blocks), 
L,in. 

Minimum 1 
Block 1 
Width, 

Minimum 

Block 

Thickness, ' 

Diameter 
of Pins, 
d, in. 

Diameter l 
of Pin ! 
1 Hole, in. 

Diameter j 
of Rollers, 
D, in. 

i 

Inner Edge 
of Block to 
Center Line 
of Pin Hole, 
a, in. 


End of 
Block to 
Center Line 
[of Pin Hole, 
6, in. 


Group I Woods (High-Density Species) 


0.05 to 0.10 

1.00 

1.00 

14 

0.250 

34 

0.8661 

34 

0.10to0.20 

2.00 

1.00 


0.390 


1.1811 

■56 

0.20 to0.30 

3.00 1 

1.50 

% 

0.587 1 


1.3780 


0.30 to 0.40 

4.00 

2.00 

% 

0.784 

=3^4 

1.8504 

% 

(1.40 to 0.50 

5.00 

2.50 

“As 

0.981 

% 

2.4409 


0.50 to 0.60 

6.00 

3.00 


1.178 

13f6 

2.8346 



Group II Woods (Medium-Density Species) 


0.05 to 0.10 

1.00 

1.00 1 

% 

0.250 


0.8661 

34 

% 

0.10 to 0.20 

2.00 

1.00 


0.390 

% 

1.1811 

V, 

'36 

0.20to0.3Q 

3.00 

1.2S 

% 

0.520 


1.3780 

'54 ! 

'36 

0.30 to 0.40 

4,00 

1.75 

'Hi 

0.784 

■’36 

1.8504 

H 

'H6 

0.40to0.50 

5.00 

2.25 

Vs 

0.875 

% 

2.4409 


% 

0.50 to 0.60 

6.00 

2.50 

1 

1.178 

156 

2.8346 

‘54 

'36 



Fig, 12.— -Plywood Panel Shear (F.P.L.) Frame Showing Size and Construction Details and 
Location of Pin and Rollers (To be used with Table I). 


measured to the nearest 0.001 in. and the 
length and width to the nearest 0.01 in. 
Care shall be taken to avoid obtaining 
test specimens with initial curvature. 

Loading Procedtire 
38, The test specimen shall be sup- 


ported on rounded supports having a 
radius of curvature not greater than J 
in. on the opposite ends of a plate diag- 
onal and loaded in a similar manner on 
the opposite ends of the other diagonal. 
In order that the loads may be applied at 
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tlie corners, metal plates shall first be 
attached as shown in Fig. 13. The load- 
ing and supporting frame shall be rigid. 
Figures 14 and 15 indicate the method of 
test and show details of the plate shear 
apparatus. The load shall be applied 
with a continuous and uniform motion 
of the movable head at a rate of 0.003 


avoid locations near the plate corners to 
avoid the load and reaction effects. The 
plate shall not be stressed beyond its 
elastic range and increments of load shall 
be chosen so that not less than 12 and 
preferably 15 load-deformation readings 
are taken. To eliminate the effects of 
slight initial curvature, two sets of data 



Fig. 13. Plate Shear Test (F.P.L.) of Plywood Showing Method of Loading and Observing the 
Differential Deformation Along the Two Diagonals. 


times the length of the plate in inches, 
expressed in inches per minute, within a 
permissible variation of plus or minus 25 
per cent. 

Deformation Measurements 
39. The deformation shall be measured 
to the nearest 0.001 in. at two points on 
each diagonal equidistant from the center 
of the plate. These measurements shall 
preferably be made at the quarter points 
of the diagonals and if other points than 
these are chosen, care shall be taken to 


shall be obtained, the second set with the 
panel rotated 90 deg. about an axis 
through the center of the plate and per- 
pendicular to the plane of the plies. The 
two results shall be averaged to obtain 
the shear modulus for the plate. A 
satisfactory arrangement for measuring 
relative deformations is indicated in Fig. 
13; the dial readings^in this case give 
twice the average deflection of the four 
points. 
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Calculation 

40. The shearing modulus of elasticity 
shall be calculated as follows: 

where: 

G = shearing modulus, in pounds per 
square inch, 

P = load applied to each corner, in 
pounds, 

h = thickness of the plate, in inches, 
w — deflection relative to the center, 
in inches, and 

u = distance from the center of the 
panel to the point where the de- 
flection is measured, in inches. 

Note.— The average values of P and w 
are generally taken from the slope of a pre- 
viously plotted load-deflection curve. 

Moisture and Specific Gravity 

41. The moisture content and specific 
gravity of each test specimen shall be 
determined as described in Sections 52 
and 53. Where additional tests are to 
be made on the plate a satisfactory mois- 
ture specimen may be provided when the 
specimen is cut out, in which case this 
moisture specimen shall be subjected to 
the same conditioning as the plate 
proper. 

Note. — This method of test is primarily 
designed for material in which the grain of the 
individual plies or laminations is parallel or 
perpendicular to the edge of the plate. It may 
be used, however, for plates in which the grain 
is at 45 deg. to the plate edges if a four-ply 
panel with all plies of the same thickness is 
used. The controlling condition is that the El 
(modulus of elasticity X moment of inertia) 
values along both diagonals shall be equal. 

Toughness 
Test Specimen 

42. The toughness test specimen to be 
used in conjunction with the Forest 
Products Laboratory toughness testing 
machine shall be f in. in height for mate- 


rial less than f in. in thickness and the 
thickness of the specimen shall be equal 
to that of the material. For material 
more than f in. in thickness the height 
shall be equal to the depth and the depth 
shall be equal to the thickness of the ma- 
terial. The length shall be determined 
from the thickness of the material in 
accordance with Table II. The actual 
height and depth shall be measured to 
the nearest 0.001 in. and the specimen 
and span length shall be measured to the 
nearest 0.01 in. 


TABLE II.— LENGTH OF TOUGHNESS TEST 
SPECIMENS. 


Plywood Thickness, in. 

Span 

Length, in. 

Specimen 
Length, in. 

Up to I4i, incl 

Over X to Vi, incl 

2 

4 

5 

Over M to J's, incl 

Over % to ]4, incl 

1 

1 

8 

Over to incl 


10 

Over Ys to 54, incl 

<) 

11 

Over 5l to 1, incl 

12 

14 


Apparatus 

43. The toughness testing machine 
(Note) shall consist of a frame support- 
ing a pendulum, being so arranged that a 
measured amount of the energy from the 
fall of the pendulum may be applied to a 
test specimen. The pendulum shall con- 
sist of a bar to which is fastened a weight 
adjustable to different positions and shall 
carry at its upper end a drum or pulley 
whose center provides the axis of rota- 
tion. The force shall be applied to the 
specimen by means of a flexible steel 
cable passing over the drum. A station- 
ary graduated scale or dial and a vernier 
operated by the moving drum shall be 
provided for reading the angles through 
which the pendulum swings. The ma- 
chine shall be adjusted before test so that 
the pendulum hangs truly vertical and 
adjusted to correct for friction. The 
cable shall be adjusted^so that the load is 
applied to the specimen when the pendu- 
lum swings to within approximately 15 
deg. of the vertical so as to produce 




Fig. 16. — Toughness Test of Plywood Show! 

Approximately 15 d 

dicular to the plane of the plies or lamina- 
tions, These pins shall be adjusted to 
the span length taken from Table I 
which provides for a specimen overhang 
of 1 in. at each end. 

Loading Procedure 

45. The load shall be applied at the 
center of the span perpendicular to the 
plane of the plies. The load shall be 
applied through a tup, attached to a 
flexible cable, having a radius of curva- 
ture approximately equal to one and one- 
half times the d'^pth of the test specimen. 
The weight position and initial angle of 
the pendulum shall be chosen so that 


? Load Applied to Specimen When Pendulum is 
f. from the Vertical. 

the attached vernier. The toughness 
shall then be calculated as follows: 

T — ivL{cq5 ^2 — cos ^i) 

where: 

T = toughness (work per specimen), in 
inch pounds, 

I = weight of the pendulum, in pounds, 
. = distance from the center of the 
supporting axis to the center of 
gravity of the pendulum, in 
inches, 

.1 = initial angle (Note), in degrees, and 
.2 = final angle the pendulum makes 
with the vertical after failure of 
the test specimen, in degrees. 
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complete failure by the time the down- 
ward swung is completed. 

Note. — The set-up shown in Fig. 16 has 
been found to give satisfactory results. 

Span and Supports 

44. The test specimen shall be sup- 
ported as a beam on two vertical pins, 
which exert reactions that are perpen- 


complete failure of the specimen is ob- 
tained on one drop. Most satisfactory 
results are obtained when the difference 
between the initial and final angle is at 
least 10 deg. 

Calculation 

46. The initial and final angle shall be 
read to the nearest 0.2 deg. by means of 
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Note. — Since friction is compensated for in 
tie machine adjustment, the initial angle may 
be regarded as exactly 30, 45, or 60 deg., as the 
case may be. 

Moisture and Specific Gravity 

47. The moisture content and specific 
gravity of each test specimen shall be 
determined as described in Sections 52 
and 53, 

Rockwell Hardness 
(For material with specific gravity equal 
to or greater than 1.0) 

Test Specimefi 

48. The test specimen shall be at least 
1 in. square, with a minimum thickness of 
0.25 in. unless it has been verified that for 
the thickness used the hardness values 
are not affected by the supporting surface 
and that no imprint shows on the under 
surface of the specimen after testing. 
The surfaces of the specimen shall be 
smooth and normal to the axis of the 
penetrator and the specimen shall rest 
solidly on the anvil. 

Apparatus 

49. The standard Rockwell hard- 
ness tester described in the Standard 
Method of Test for Rockwell Hardness 
and Rockwell Superficial Hardness of 
Metallic Materials (A.S.T.M. designa- 
tion: E 18),® shall be used and the M scale 
employed, unless otherwise specified. 
The Rockwell M scale hardness test re- 
quires the use of a J-in. hardened steel 
ball penetrator, a minor load of 10 kg. 
and a major load of 100 kg., with readings 
taken on the red dial. 

Procedure 

50. (a) Without the test specimen in 
place the Rockwell tester shall be adjusted 
by means of the dash pot so that the time 
of application of the major load is from 4 
to 5 sec. with the 100-kg. load. With the 
specimen in place, the minor load of 10 

3 1942 Book of A.S.T.M. Standards, Part I. 


kg, shall be applied and the zero setting 
(130 on the red scale) made 10 sec. there- 
after. The major load shall then be 
applied by tripping the crank handle. 
The major load shall be removed within 
7 to 8 sec. thereafter and the hardness 
reading shall be made 45 sec. thereafter 
unless the pointer comes to rest in a 
shorter time, 

(b) The Rockwell M hardness number 
may be more than 100 or may be nega- 
tive. Determine the number of times 
the needle passes the zero on the red scale 
on application of the major load and sub- 
tract the number of times the needle 
passes zero on removal of the major load. 
If the result is zero the reading is over 
100; if 1, 0 to 100; if 2, the reading is 
negative. The Rockwell hardness num- 
ber and scale letter shall be given in 
reporting the hardness of the material. 

Moisture Content and Specific Gravity 

51. The moisture content and specific 
gravity of each test specimen shall be 
determined as described in Sections 52 
and 53. 

Moisture Content and 
SPEcmc Gravity 

Procedure 

52, The test specimen shall be accu- 

rately weighed and measured at the test 
(Note 1). After the test a sample which 
is to be used to determine the moisture 
content, shall be cut from the body of the 
specimen (Note 2) near the point of fail- 
ure. This moisture sample shall be 
weighed immediately and dried in an 
oven at 100 C. until approximately con- 
stant weight is attained. After drying, 
the sample shall be weighed immediately. 
The weights of the test specimens and of 
the moisture samples shall be , deter- 
mined to an accuracy^ of not less than 0.2 
percent. ^ 

Note 1. — ^Veneer, plywood, and laminated 
materials may splinter somewhat in certain 
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tests, so that the original specimen may not be 
intact at the end of a test. In such instances, 
the specimens should obviously be weighed 
before test. 

Note 2. — For specimens of thin material or 
of small size, it may be desirable to use the entire 
specimen as a moisture sample. In specimens 
where the original weight cannot be obtained 
(for example, the panel shear specimen) the 
sample must be treated as a new specimen and 
shall be measured as well as weighed prior to 
drying. 

Calculations 

53. (a) Moisture Content . — The mois- 
ture content (Note 1) shall be calculated 
as follows: 

W - F 

M = — — X 100 
F 

where: 

M — moisture content, in per cent, 

W " initial weight, and 
F = final weight. 

(b) Specific Gravity . — ^The specific 
gravity (Notes 1 and 2) shall be calculated 
as follows: 



where: 

W = original weight of the specimen, in 
grams, 

m = moisture content of specimen at 
time of test, in per cent, 

L = length of specimen, in inches, 
w = width of specimen, in inches, and 
t ~ thickness of specimen, in inches. 

Note 1. — ^The moisture content and specific 
gravity as determined above are the average 
values for the entire specimen. In plywood 
made up of thin veneers, the glue may constitute 
a significant part of the total weight and as a 
result the calculated specific gravities and 
moisture contents may vary substantially from 
the true values for the veneers. In some 
instances it may be desirable to take this into 
account. 

Note 2. — The specific gravity so obtained is 
based on the volume at test and weight when 
oven-dry. If desired, the specific gravity may 
be obtained on an oven-dry weight and volume 
basis, using the procedure described in the 
Standard Methods of Testing Small Clear 
Specimens of Timber (A.S.T.M. Designation: 
D 143) In each instance, the basis of the 
specific gravity value with respect to volume and 
moisture condition shall be stated. 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


I 









Tentative Specifications for 

BLACK SYNTHETIC IRON OXIDEJ 



A.S.T.M. Designation: D 769 - 44 T 

Issued, 1944.* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover the pig- 
ment commercially known as black syn- 
thetic iron oxide. 

Composition and Properties 

2. (a) The pigment shall be a manu- 
factured ferro-ferric oxide obtained by 
chemical reaction. It shall be a soft dry 
finely disintegrated pigment, free of 
admixtures of other substances and shall 
conform to the following requirements: 


Total ferrous and ferric oxide, min., 

percent 96.0 

Ferrous oxide FeO, min., per cent 20.0 

Water soluble material, max., per 

cent 0.5 

Moisture and other volatile matter, 

max., percent 1.0 

Coarse particles (total residue re- 
tained on a No, 325 (44-micron) 

sieve) , max. , per cent 0.5 

Hydrogen ion concentration (pH 
value) 6.5 to 8.5 


(6) The mass color and character of 
tint formed by mixture with a white pig- 
ment shall be the same as, and the 
strength not less than, that of a reference 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

2 Accepted by the Society at annual meeting. Tune, 
1944 . 


sample mutually agreed upon by the 
purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at ran- 
dom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distinguishing between units of 
production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the sam- 
ples may lie tested separately or after 
blending in equal quantities the samples 
from the same production unit to form a 
composite sample. 

Methods of Testing 

4. {a) General . — Tests shall be con- 
ducted in accordance with the appropri- 
ate methods of the American Society for 
Testing Materials, where applicable. 
Test procedures not covered by A.S.T.M. 
methods shall be mu#fially agreed upon 
by the purchaser and the seller. 

{h) Hydrogen Ion Concentration Test. 
— Hydrogen ion concentration shall be 
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determined in accordance with either of 
the following methods: 

(1 ) Electrometric M ethod {Preferred Pro- 
cedure). —Weigh. 30 g. of the pigment into 
a 150-mL beaker and add 50 g. of warm 
distilled water, freshly boiled to remove 
carbon dioxide. Mix well by means of a 
glass rod, cool to 25 C., and determine the 
pH of the paste or slurry by the standard 
glass electrode method. 

(2) Colorimetric Method {Alternate 
Procedure) for Use in Cases Where Glass 
Electrode is not Available. — Weigh 10 g. 
of pigment into a 250-ml. glass-stoppered 
Erlenmeyer flask (Note 1) and add 150 
g. of warm distilled water, freshly boiled 


to remove carbon dioxide.^ Stopper the 
flask and shake vigorously for about 1 
min. Cool to 25 C. Let stand 1 hr. 
(Note 2), Decant and promptly deter- 
mine the pH of the aqueous portion of 
the mixture by means of a suitable indi- 
cator using the block comparator or 
similar colorimetric method (Note 3). 

Note 1. — Use of a glass stopper in the flask 
is necessary as rubber or cork would affect the 
pH. 

Note 2. — Standing is necessary to allow for 
settling of pigment. 

Note 3. — Block comparator or other colored 
solution compensating device should be used as 
the extract will have a slight color. 


Tentative Speciji cations for 
RED AND BROWN IRON OXIDE PIGMENTS^ 



A.S,T.M. Designation: D 84 - 43 T 
Issued, 1943.* 

Tills Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa, 


Scope 

1. (a) These specifications cover three 
classes of iron, oxide pigments, as follows; 

Class I . — Iron oxides commercially 
pure (including Indian red). 

Class 11 . — Iron oxides containing 
from 70 to 97 per cent FeaOs. 

Class in. — Iron oxides containmg 
from 40 to 70 per cent Fe 203 . 

(b) Classes II and III include two 
types as follows: 

Type A . — ^Pigments designed to be 
used when a high sulfate content of 
the pigment will result in paints of 
inferior quality, and 

Type B . — Pigments designed to be 
used when a restriction on the sulfate 
content is unnecessary. 

(c) Venetian red and earth colors 
such as siennas and umbers are not 
covered by these specifications. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

2 Accepted by Committee E-10 on Standards, August 
30, 1943. 

Prior to their present publication as tentative, these 
specifications were published as tentative from 1921 to 
1927, being revised in 1924, 1925, and 1927. They were 
adopted in 1927, published as standard from 1927 to 1943, 
being revised in 1940 and 1941, but withdrawn, revised, 
and republished as tentative in 1943. 


Composition and Properties 
2. {a) Dry Pigments . — The pigments 
shall conform to the requirements for 
composition as prescribed in Table I. 


TABLE 1.— REQUIREMENTS FOR IRON OXIDE 
PIGMENTS. 




Class n 

1 Class HI 


I 

Type 

A 


Typej 

A 


Total iron oxide, calculated 
as FesOj, min., per cent . . 

97.0 

70.0 

70.0 

40.0 

40.0 

Moisture and other volatile 
matter, max., per cent 

1 

1.0 

2.0 

2.0 

2.0 

2.0 

Sulfur calculated as SOa, 
max., per cent 

2.0 

5.0 


5.0 


Matter soluble in water, 
max., per cent 

1.0 

2.0 

2.0 

2.0 

2.0 

Organic coloring matter 

none' 

none 

none 



Coarse particles (total resi- 
due retained on a No. 325 
(44-micron) sieve), max., 
per cent 

1.0 

2.0 

2.0 

2.0 

2.0 


{b) Paste in Oil . — The paste shall be 
made by thoroughly grinding the speci- 
fied pigment with linseed oil in such 
proportions as to produce satisfactory 
consistency. As received it shall not 
be caked in the container and shall break 
up readily in linseed oil to form a smooth 
paint of brushing consistency. It shall 
mix readily in all prt'.portions without 
curdling with linseed oil^ turpentine, or 
volatile petroleum spirits, or any mix- 



Specifications for Iron Oxide Pigments (D 84~43T) 


1475 


ture of these substances. The pastes 
shall conform to the following requke- 
ments: 

Coarse particles and skins (total residue re- 
tained on a No. 325 (44-micron) sieve), max., 

per cent of dry pigment 2.5 

Moisture and other volatile matter, max., 
per cent 3 

(c) Inasmuch as iron oxide pigments 
are available in a range of colors, the 
mass color and, if desired by the pur- 
chaser, the character of the tint formed 
by mixture with a white pigment shall 
be the same as, and the strength not 
less than, that of a reference sample 
mutually agreed upon by the seller and 
the purchaser. 

Number of Tests 

3. Two samples shall be taken at 
random from different packages from 
'each lot, batch, day’s pack, or other 


unit of production in a shipment. 
When no markings distinguishing be- 
tween units of production appear, sam- 
ples shall be taken from different pack- 
ages in the ratio of two samples for each 
10,000 lb., except that for shipments 
of less than 10,000 lb. two samples shall 
be taken. At the option of the pur- 
chaser, the samples may be tested sepa- 
rately or after blending in equal 
quantities the samples from the same 
production unit to form a composite 
sample. 

Methods of Testing 
4. Tests shall be conducted in ac- 
cordance with the appropriate methods 
of the American Society for Testing 
Materials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall be mutually agreed upon by 
the seller and the purchaser. 


Tentative Specifications for 
RAW UMBERi 



A.S.T.M. Designation: D 763 - 44 T 
Issued, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover the pig- 
ment commercially known as raw umber. 

Composition and Properties 

2. (a) The pigment shall be in a soft, 
dry form and shall be a hydrated oxide of 
iron (together with such manganese that 
is naturally associated with it) permeat- 
ing a siliceous base and shall be free of 
admixtures of other substances except 
carbon pigments. The pigment shall 
conform to the following requirements:® 

Iron oxide (Fe 203 ) , min ., per cent 37.0 

Calcium compounds (as CaO), max., 

percent 5.0 

Moisture and other volatile matter, max., 

per cent 5.0 

Coarse particles (total residue retained 
on a No. 325 (44-micron) sieve), max., 

percent 2.0 

Organic colors, max., per cent none 

“ Genuine manganese umbers not being commercially 
obtainable at the time of issuing these specifications, a re- 
quirement for minimum manganese oxide is omitted, pend- 
ing return to normal conditions. 

(&) The mass color and character of 
tint formed by mixture with a white 

r Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

2 Accepted by the Society at annua! meeting, June, 
1944. 


pigment shall be the same as, and the 
strength not less than, that of a reference 
sample mutually agreed upon by the . 
purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at ran- 
dom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distinguishing between units of 
production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the sam- 
ples may be tested separately or after 
blending in equal quantities the samples 
from the same production unit to form 
a composite sample. 

Methods of Testing 

4. Tests shall be conducted in accord- 
ance with the appropriate methods of 
the American Society for Testing Mate- 
rials, where applical^le. Tests proce- 
dures not covered by A.S.T.M. methods 
shall be mutually agretd upon by the 
purchaser and the seller. 
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Tentative Specifications for 
BURNT UMBERi 



A.S.T.M. Designation: D 764 - 44 T 

Issued, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope ment shall be the same as, and the 

1. These specifications cover the pig- strength not less than, that of a reference 
ment commercially known as burnt mutually agreed upon by the 

umber. purchaser and the seller. 


Composition and Properties 
2. {d) The pigment shall be produced 
by the calcination of raw umber and shall 
be free of admixtures of other substances 
except carbon pigments. The pigment 
shall conform to the following require- 
ments:* 

Iron oxide (FcsOa), min., percent 42.0 

Calcium compounds (as CaO), max., 

percent 5.0 

Moisture and other volatile matter, 

max., percent 5.0 

Coarse particles (total residue retained 
on a No. 325 (44-micron) sieve), max., 

percent 2.0 

Organic colors, max., per cent. none 


“ Genuine manganese umbers not being commercially 
obtainable at the time of issuing these specifications, a re- 
cjuirement for minimum manganese oxide is omitted, pend- 
ing return to normal conditions. 

® Moisture and other volatile matter shall be loss at 

lOS c. 


Ignition loss shall be the additional loss at tempera- 


tures above lOS C. 


{h) The mass color and character of 
tmt formed by mixture with a white pig- 

1 Under the standard/zation procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee C-l on Paint, Varnish, Lacquer, and 
Related Products. 

2 Accepted by the Society at annual meeting, June, 
1944. 


Number of Tests 

3. Two samples shall be taken at ran- 
dom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distinguishing between units of 
production appear, samples shall be 
taken from different packages in the ratio 
of two samples for each 10,000 lb,, except 
that for shipments of less than 10,000 
lb. two samples shall be taken. At the 
option of the purchaser, the samples may 
be tested separately or after blending in 
equal quantities the samples from the 
same production unit to form a com- 
posite sample. 

. Methods of Testing 

4. Tests shall be conducted in ac- 
cordance with the appropriate methods 
of the American Society for Testing Ma- 
terials, where applicable. Test proce- 
dures not covered by A.S.T.M. methods 
shall be mutually agreed upon by the 
purchaser and the seller. 
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Tentative Specifications for 
RAW' SIENNA^ 



A.S.T.M. Designation: D 765 - 44 T 
Issued, 1944.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover the pig- 
ment commercially known as raw sienna. 
Composition and Properties 

2. (o) The pigment shall be in a soft, 
dry form and shall be a hydrated oxide of 
iron permeating a siliceous base and shall 
conform to the following requirements: 


Iron oxide (FeaOs) , min. , per cent 38.0 

Calcium compounds (as CaO), max., 

percent.. 5.0 

Moisture and other volatile matter, max., 

per cent 4.0 

Coarse particles (total residue retained 
on a No. 325 (44-raicron) sieve), max., 

per cent. 2.0 

Organic colors, max., per cent none 


(5) The mass color and character of 
tint formed by mixture with a white pig- 
ment shall be the same as, and the 
strength not less than, that of a reference 
sample mutually agreed upon by the 
purchaser and the seller. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products- 

2 Accepted by the Society at annual meeting, June, 
1944 . 


Number of Tests 

3. Two samples shall be taken at ran- 
dom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distinguishing between units of 
production appear, samples shall be 
taken from different packages in the ratio 
of two samples for each 10,000 lb., ex- 
cept that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the sam- 
ples may be tested separately or after 
blending in equal quantities the samples 
from the same production unit to form a 
composite sample. 

Methods of Testing 

4. Tests shall be conducted in ac- 
cordance with the appropriate methods 
of the American Society for Testing Ma- 
terials, where applicable. Test proce- 
dures not covered by A.S.T.M. methods 
shall be mutually a^eed upon by the 
purchaser and the selle:^ 



Tentative Specifications for 
BURNT SIENNA' 



A.S.T.M. Designation: D 766 - 44 T 

Issued, 1944.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa, 


Scope 

1. These specifications cover the pig- 
ment commercially known as burnt 
sienna. 

Composition and Properties 

2, (a) The pigment shall be produced 
by the calcination of raw sienna and shall 
conform to the following requirements: 

Iron oxide (Fe 203 ), min., per cent 40.0 

Calcium compounds (as CaO), max., per 

cent 5.0 

Moisture and other volatile matter, max., 

percent 4.0 

Coarse particles (total residue retained on 
a No. 325 (44-micron) sieve), max., per 

cent 2.0 

Organic colors, max., percent none 

(5) The mass color and character of 
tint formed by mixture with a white pig- 
ment shall be the same as, and the 
strength not less than, that of a reference 
sample mutually agreed upon by the 
purchaser and the seller, 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. » 

2 Accepted by the S /ciety at annual meeting, June, 
1944. 


Number of Tests 

3. Two samples shall be taken at ran- 
dom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distinguishing between units of 
production appear, samples shall be 
taken from different packages in the ratio 
of two samples for each 10,000 lb., except 
that for shipments of less than 10,000 lb. 
two samples shall be taken. At the op- 
tion of the purchaser, the samples may 
be tested separately or after blending in 
equal quantities the samples from the 
same production unit to form a com- 
posite sample. 

Methods of Testing 

4. Tests shall be conducted in ac- 
cordance with the appropriate methods 
of the American Society for Testing 
Materials, where applicable. Test pro- 
cedures not covered by A.S.T.M. meth- 
ods shall be mutually agreed upon by the 
purchaser and the seller. 
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Tentative Specifications for 
VENETIAN REDi 

# 

A.S.T.M. Designation; D 767 - 44 T 
ISStTED, 1944,2 

This Tentative Standard of the American Society for Testing Materials is, 
tinder its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover the pig- 
ment commercially known as Venetian 
red. 

Composition and Properties 

2. (a) The pigment shall be in a soft, 
dry form and shall consist of iron oxide 
(Fe 203 ) on a base consisting essentially 
of calcium sulfate and shall consist of 
three main types I, II, and III, which 
shall conform to the following require- 
ments: 



Type I 

Type II 

'"/if 

Ferric oxide, min., per cent. . 
Moisture and other volatile 

40.0 

30.0 

20.0 

matter, max., per cent — 
Coarse particles (total resi- 
due retained on a No. 325 
(44-micron) sieve), max.. 

4.0 

4.0 

4.0 

per cent 

Lossonignition,“max., per 

2.0 

2.0 

2.0 

cent 

Calcium carbonate (CaCOi), 

1.0 

1.0 

1.0 

max., per cent 

Hydrogen ion concentra- 
tion (pH value) 

0.1 

0.1 

0.1 

8.0 max. 

6.0 min. 



“Loss on ignition shall be calculated on the diy 
material. 


(&) The mass color and character of 
tint formed by mixture with a white 


1 Under the standardization procedure of the Society, 
these specifications are under tlie jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products. 

2 Accepted by the Society at annual meeting, June, 
1944. 


pigment shall be the same as, and the 
strength not less than, that of a reference 
sample mutually agreed upon by the 
purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at ran- 
dom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distinguishing between units of 
production appear, samples shall be 
taken from different packages in the 
ratio of two samples for each 10,000 lb., 
except that for shipments of less than 
10,000 lb. two samples shall be taken. 
At the option of the purchaser, the sam- 
ples may be tested separately or after 
blending in equal quantities the samples 
from the same production unit to form a 
composite sample. 

Methods of Testing 

4. (fl) General . — Tests shall be con- 
ducted in accordance with the appropri- 
ate methods of the American Society for 
Testing Materials, ^diere applicable. 
Test procedures not covered by A.S.T.M. 
methods shall be mutuSlly agreed upon 
by the purchaser and the seller. 
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(b) Hydrogen Ion Concentration Test. 
— Hydrogen ion concentration shall be 
determined in accordance with either of 
the following methods: 

(i) Electrometric Method {Preferred 
Procedure). — Weigh 30 g. of the pigment 
into a 150-mL beaker and add 50 g. of 
warm distilled water, freshly boiled to 
remove carbon dioxide. Mix well by 
means of a glass rod, cool to 25 C., and 
determine the pH of the paste or slurry 
by the standard glass electrode method. 

{2) Colorimetric Method .{Alternate 
Procedure) for Use in Cases Where Glass 
Electrode is not Available. — Weigh 10 g. 
of pigment into a 250-ml. glass-stoppered 


Erlenmeyer flask (Note 1) and add 150 g. 
of warm distilled water, freshly boiled to 
remove carbon dioxide. Stopper the 
flask and shake vigorously for about 1 
min. Cool to 25 C. Let stand 1 hr. 
(Note 2); . ■Becant and promptly deter- 
mine the pH of the aqueous portion of 
the mixture by means of a suitable indi- 
cator using the block comparator or 
similar colorimetric method (Note 3). 

Note 1. — Use of a glass stopper in the flask 
is necessary as rubber or cork would affect the 
pH. 

Note 2.-r-Standmg is necessary to allow for 
settling of pigment. 

Note 3. — ^Block comparator or other colored 
solution compensating device should be used as 
the extract will have a slight color. 


Tentative Specifications for 
YELLOW IRON OXIDE, HYDRATED^ 



A.S.T.M. Designation; D 768 - 44 T 
IssxJED, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover the pig- 
ment commercially known as yellow iron 
oxide, hydrated. 

Composition and Properties 

2. (a) The pigment shall be a manu- 
factured yellow iron oxide obtained by 
chemical reaction. It shall be a soft, 
finely disintegrated pigment, free of ad- 
mixtures of other substances and shall 
conform to the following requirements: 


Total hydrated oxide of iron, min., 

percent 97.0 

Total oxide of iron,® min., per cent . . 86.0 

Loss on ignition,® max., per cent. . 13.0 

Moisture and other volatile matter, 

max., per cent 1.0 

Water soluble material, max., per 

cent 1.0 

Coarse particles (total residue re- 
tained on a No. 325 (44-raicron) 

sieve), max., per cent O.S 

Hydrogen ion concentration (pH 
Value) 5.5 to 7.5 


® Total hydrated oxide of iron shall be the sum of iron 
oxide and loss on ignition. Loss on ignition shall be cal- 
culated on the dry material. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

2 Accepted by the Society at annual meeting, Tune, 
1944 . 


(i) The mass color and character of 
tint formed by mixture with a white pig- 
ment shall be the same as, and the 
strength not less than, that of a reference 
sample mutually agreed upon by the 
purchaser and the seller. 

Number of Tests 

3. Two samples shall be taken at ran- 
dom from different packages from each 
lot, batch, day’s pack, or other unit of 
production in a shipment. When no 
markings distinguishing between units 
of production appear, samples shall be 
taken from different packages in the ratio 
of two samples for each 10,000 lb., except 
that for shipments of less than 10,000 lb. 
two samples shall be taken. At the op- 
tion of the purchaser, the samples may be 
tested separately or after blending in 
equal quantities the samples from the 
same production unit to form a com- 
posite sample. 

Methods of Testing 

4. {a) General . — ^Tests shall be con- 
ducted in accordance with the appropri- 
ate methods of the American Society for 
Testing Materials, w|iere applicable. 
Test procedures not covered by A.S.T.M. 
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methods shall be mutually agreed upon 
by the purchaser and the seller. 

(b) Hydrogen Ion Concentration Test. 
— Hydrogen ion concentration shall be 
determined in accordance with either of 
the following methods; 

{!) Electrometric Method (Preferred 
Procedure). — Weigh 30 g. of the pigment 
into a 150-ml. beaker and add 50 g. of 
warm distilled water, freshly boiled to 
remove carbon dioxide. Mix well by 
means of a glass rod, cool to 25 C., and 
determine the pH of the paste or slurry 
by the standard glass electrode method. 

(2) Colorimetric Method (Alternate 
Procedure) for Use in Cases Where Glass 
Electrode is not Available. — Weigh 10 g. 
of pigment into a 250-ml. glass-stoppered 


Erlenmeyer flask (Note 1) and add 150 g. 
of warm distilled water, freshly boiled to 
remove carbon dioxide. Stopper the 
flask and shake vigorously for about 1 
min. Cool to 25 C. Let stand 1 hr, 
(Note 2). Decant and promptly deter- 
mine the pH of the aqueous portion of 
the mixture by means of a suitable in- 
dicator using the block comparator or 
similar colorimetric method (Note 3). 

Note 1. — Use of a glass stopper in the flask 
is necessary as rubber or cork would affect the 
pH. 

Note 2. — Standing is necessary to allow for 
settling of pigment. 

Note 3. — Block comparator or other colored 
solution compensating device should be used as 
the extract Avill have a slight color. 


Tentative Methods of 
ANALYSIS OF BARIUM SULFATE PIGMENTS* 



A.S.T.M. Designation: D 715 - 43 T 
Issued, 1943.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa, 


Scope 

1. These methods cover the procedures 
for the chemical analysis of barium 
sulfate pigments. 

Barium Sulfate 

Procedure 

2. (a) Transfer 0.5000 g. of the sample 
to a platinum crucible, add 3 g. of 
NagCOs, mix thoroughly, and fuse until 
the melt is clear. Allow the melt to 
cool, and then leach in a platinum dish 
with hot water until it is entirely dis- 
integrated. Filter on a close-texture 
paper,® and wash thoroughly with hot 
Na2C03 (30 g. per L). 

(5) Transfer the filter paper contain- 
ing the insoluble carbonates to a 250-ml. 
beaker, and acidify with HCl (sp. gr. 
1.18). Wash the fusion crucible with 
HCl (sp. gr. 1.18) so that no barium is 
lost. Boil the solution, filter into a 600- 
ml. beaker, and wash well with water. 
Add methyl red indicator, and add 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Accepted by the Society at annual meeting, June, 
1943. 

5 No 602 S & S blue ribbon or Whatman No. 2 filter 
paper is suitable for this purpose. 


NH4OH (sp. gr, 0.90) until the solution 
is slightly alkaline. Add 6 ml. of HCl 
(1:1), and dilute to 300 ml. 

(c) Heat the solution to boiling, and 
add 5 g. of (NH4)2S04 dissolved in 40 
ml. of water. If low-grade material is 
being analyzed, the (NH4)2S04 solution 
should be added drop by drop from a 
burette to minimize inclusion. If the 
baiytes is a rather pure product (95 to 
99 per cent BaS04) this is not neces- 
sary, since the only nonvolatile con- 
stituents of the solution will be barium 
salts. Allow the precipitate of BaS04 
to digest for 4 hr. or overnight, and filter 
through a close-texture paper.® Wash 
the precipitate with as little cold water 
as possible (consistent with the purity of 
the precipitate), ignite in an oxidizing 
atmosphere, and weigh as BaS04. 

(d) Calculation . — Calculate the per- 
centage of BaS04 as follows: 

TV 'wt. of BaSOi 

BaS 04 , per cent == X 100 

wt. of sample 

Ferric Pxide 

Apparatus 

3. Colorimetric Apparatus . — Nessler 


1484 


4jiijx-ium ijuivji!AijB, r'itijvucma /io— i; 




type or other similar 100-mi. colori- 
metric tubes will be required. 

Reagents 

4. (a) Potassium Permanganate Solu- 
tion {0.1 g. per 1.). 

(b) Ammonium Thiocyanate Solution 
{76.1 g. per 1., 1 N). 

{c) Standard Iron Solution {100 ml. 
= 0.00002 g. Fe). — Dilute and divide 
a ferric solution of known iron content 
so as to obtain 0.0004 g. of iron.' Dilute 
the solution to 2 1. with water contain- 
ing 200 ml. of iron-free, c.p. H2SO4. 

{d) Standard Color Solution . — ^Mix 
thoroughly 10 parts by volume of am- 
monium thiocyanate (76.1 g. per 1.) 
and 90 parts by volume of standard 
iron solution (100 ml. = 0.00002 g. 
Fe). One hundred milliliters of the 
solution will thus contain 0.000018 g. 
of Fe. 


Procedure 

5. {a) Dissolve the soluble portion 
of a 1 -g. sample in H 2 SO 4 ( 1 : 1 ) filter, 
and wash, keeping the volume of the 
solution under 100 ml. Oxidize any 
iron present in the filtrate by adding 
KMn 04 (0.1 g. per 1.) until a faint pink 
color is obtained. Dilute the solution 
to 100 ml. and pour into a burette 
graduated in O.l-ml. divisions. 

{b) Pour 100 ml. of the standard 
color solution into a 100-ml. colorimetric 
tube. Into a second colorimetric tube 
pour 10 ml. of H2SO4 (sp. gr. 1.84) and 
10 ml. of NH4CNS (76.1 g. per 1 ), 
dilute to 60 or 70 ml. and then add the 
sample solution from the burette until 
the depth of color thus produced on 
dilution to 100 ml. exactly matches that 
of the standard. Record the number of 
milliliters required. 

(c) Caladation. — Calculate the per- 
centage of Fe 203 as follows: 

Fe^Oa, per cent,= ^ X 100 


where: 

A = grams of iron in standard, and 
B = grams of sample used. 

Hydrogen Ion Concentration 

Procedure 

6. Transfer 25 g. of the sample to a 
250 ml. beaker, add 100 ml. of water, 
and stir for 30 min. Allow the solid 
material to settle, and determine the 
pH by any suitable method, preferably 
with a glass electrode potentiometer 
(Note). 

Note. — ^T he determination of pH is con- 
sidered preferable to the determination of free 
acid by titration with standard alkali. 

Matter Soluble in Water 

Procedure 

7. {a) Transfer 2.5 g. of the sample to 
a graduated 250-ml. flask, add 100 ml. 
of water, boil for 5 min., cool, dilute to 
250 ml., mix, and allow to settle. Filter 
the supernatant liquid through a dry 
paper and discard the first 20 ml. 
Evaporate 100 ml. of the clear filtrate 
to dryness in a weighed dish, heat for 
1 hr. at 105 to 110 C., cool, and weigh. 

{b) Calculation. — Calculate the per- 
centage of matter soluble in water as 
follows: 

Matter soluble in water, per cent = 


where: 

A = grams of residue after drying, and 
B — grams of sample used. 

Moisture and Other Volatile 
Matter 

Procedure 

8. (a) Transfer 1 g. of the sample to a 
wide-mouth, short weighing bottle pro- 
vided with a glass stopper. Heat, with 
the stopper removed, for 2 hr. at 105 db 
2 C., insert the stopper, cool, and weigh. 
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{b) Calculation. — Calculate fehe per- 
centage moisture and other volatile 
matter as follows : 

Moisture and other 

volatile matter, per cent = 

wt. loss on heating _ „ 

X 100 

wt. of sample 

Coarse Particles 

{Total Residue Retained on No. 325 
(44-micron) Sieve) 

Apparatus 

9. Sieve. — A No. 325 (44-micron) sieve 
conforming to the Standard Specifica- 
tions for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11) of the 
American Society for Testing Materials'* 
shall be used. 

Procedure 

10. (a) Dry a No. 325 (44-micron) 
sieve in an oven at 105 to HOC., cool, 
and weigh accurately. Transfer 10 g. 
of the sample to a mortar, moisten with 
alcohol, add 100 ml. of water, thoroughly 
mix by gentle pressure with the finger 
to break up all lumps, and wash through 
the sieve with a gentle stream of water, 
brushing gently with a camel’s hair 
brush until nothing more passes through 
the sieve. Dry the sieve for 1 hr. at 
105 to 110 C., cool, and weigh. 

(b) Calculation . — Calculate the per- 
centage of coarse particles as follows: 
Coarse particles, per cent = 

wt. increase of sieve 

i X 100 

wt. of sample 

Free Silica 

Reagent 

11. (a) Heavy Liquid (sp. gr. 2.9). — 
Dissolve 4 parts by weight of KI in 6 
parts of warm water, and add, while 
stirring constantly, 5 parts of Hgl 2 . 

< Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Evaporate over a hot plate or gas flame, 
protected by screen cloth, until a light 
crystalline scum forms. Cool, and filter 
through heavy paper. The solution will 
be of a clear, deep, amber color of about 
3.2 specific gravity. All filter washings 
showing a yellow color should be saved 
and evaporated. Determine the 3.2 
specific gravity accurately by means of a 
specific gravity bottle, and correct the 
solution to a specific gravity of 2.9 at 
room temperature by adding water. 
Prepare approximately 200 ml. of the 
solution. 

Procedure 

12. (a) Carefully weigh 10 g. of the 
finely ground dry barium sulfate pigment 
and transfer to a carefully dried 125-ml. 
clear glass separatory funnel of the long 
narrow type. Add 100 ml. of the heavy 
liquid (sp. gr. 2.9), stopper, and shake 
well to liberate any air bubbles which 
might adhere to the particles, and also 
to break up all agglomerates. Set the 
separatory funnel aside and allow to 
stand in a perpendicular position for 
2 hr., or for a sufficient time for the par- 
ticles to rise or sink. 

(b) Draw off the heavy particles 
through the stopcock into a beaker along 
with 75 ml. of the liquid. Add 50 ml. 
of fresh heavy liquid (sp. gr. 2.9) to the 
float particles and liquid remaining in the 
separatory funnel and repeat the pro- 
cedure as described in Paragraph (a). 

(c) Draw off the heavy particles along 
with 75 ml. of the liquid and add to those 
drawn off in accordance with Paragraph 
(a), leaving the float particles in the 
funnel. Wash the particles remaining 
in the funnel with fresh heavy liquid 
(sp. gr. 2.9), filter through a No. 00 
paper, and wash free of solution with 
warm water. 

(d) Transfer the fii% paper and silica 
to an ignition cup, dry,^^and ignite care- 
fully in an electric furnace or over a 



AI^ALYSIS or Bariim Sulfate Pigments (D 715 - 43 T) 


1487 


flame to keep mechanical loss at a mini- 
mum. Weigh the fl,oated material, and 
transfer to a tared platinum dish or 
crucible. Add 20 ml. of HF and 3 drops 
of H 2 SO 4 (1*. 1), evaporate to dryness, 
and ignite carefully to expel all fumes. 
Cool and weigh. The loss in weight 


represents the free silica in the floated 
material. 

(e) Calculation . — Calculate the per- 
centage of free SiOa as follows: 

Free Si02, per cent = — - — X 100 

vvt. of sample 



Tentative Methods of 
ANALYSIS OF MICA PIGMENT' 



A.S.T.M. Designation: D 716 - 43 T 
Issued, 1943. * 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa, 


Scope 

1. These methods cover the procedures 
for the chemical analysis of mica pig- 
ments. 

Apparent Density 

Apparatus 

2. Volumeter . — A Scott volumeter or 
similar apparatus shall be used modified 
as follows: The screen used shall con- 
form to the requirements of a No. 40 
(420-micron) sieve as prescribed in the 
Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designa- 
tion: E 11) of the American Society for 
Testing Materials.® The funnel below 
the screen shall be replaced by a conical 
funnel having a bottom opening 1 in. 
in diameter. It may be found necessary 
to replace the top glass baffle with one 
that is longer to insure ail of the sifted 
mica being caught. 


modified volumeter, and brush^the 
pigment through the screen with a 
camel’s hair brush until the receiver is 
slightly more than full. Scrape off 
the excess, and weigh the pigment. 
Care must be taken not to jar the 
apparatus during the procedure. 

{b) Calculation . — Calculate the ap- 
parent density of the mica pigment and 
convert to pounds per cubic foot. 

Report 

4. The average of three determinations 
shall be reported as the apparent density 
of the mica pigment. 

Reproducibility of Results 

5. The average of the tliree determina- 
tions shall check within 5 per cent. 

Moisture and Other Volatile 
Matter 


Procedure 


Procedure 


3. {a) Transfer convenient quantities 
of the mica pigment to the funnel of the 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Accepted by the Society at annual meeting, June, 
1943. 

s Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


6. (a) Transfer 1 g. of the sample to 
a wide-mouth, short weighing bottle 
provided with a glass stopjper. Heat, 
with the stopper reir^ved, for 2 hr. at 
105 ± 2 C., insert the stopper, cool, 
and weigh. ® 
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(b) Calculation —Csdculsite. the per- 
centage moisture and other volatile 
matter as follows : 

Moisture and other 

volatile matter, per cent = 

wt. loss on heating ^ ^ 

^ X 100 

wt, of sample 

Grit 

Apparatus 

7. (a) Beaker. — A 600-ml. low-form 
beaker shall be used. 

(b) Metal Tubing. — ^An L-shape metal 
tube (see Fig. 1) J in. in outside diameter 



< — Outside 
‘ Diameter Tube 

\ ^.-6 toss Beaker 


b*" I 


Tube Drilled to 0.173" diam. 

(do. n Drill) for £ in Depth 

Fig. 1. — Grit Test Apparatus. 

with a foot 1 in. in length. The foot of 
the tube shall be drilled to 0,173 in. 
(No. 17 drill) in inside diameter for a 
depth of I in. The tube shall be placed 
in the beaker with the long arm in the 
vertical position, and the foot of the L 
parallel to the bottom of the beaker and 
perpendicular to tife radius of the bottom 
at a point such t3at there is about ^^-in. 
clearance between the tubing and both 


the bottom and side of the beaker. 
The center of the foot shall be placed 
90 deg. from the lip of the beaker. 

Procedure 

8. (a) Transfer 10 g. of the sample to 
the 600-ml. beaker, add 100 ml. of 
water, and swirl the beaker until the 
mica is dispersed. Insert the metal 
tubing into the beaker as described in 
Section 7 (&) and connect the upper end 
to a water faucet. Regulate the flow 
of water by a constant head to a rate of 
800 ml, per min. over the lip of the 
beaker. When the elutriation has pro- 
gressed so that the body of the water in 
the beaker is clear, stop the flow, and 
lower the water level to prevent spilling. 

(&) Swirl the beaker again to bring 
the remaining mica pigment into sus- 
pension and repeat the elutriation pro- 
cedure as described in Paragraph (e) 
three times. After final clearing, decant 
part of the water, and filter the residue. 
Transfer the , paper and residue to a 
weighed crucible, and ash slowly, cool, 
and weigh, 

(c) Calculation. — Calculate the per- 
centage of grit as follows : 

Grit, per cent = 

(wt. of ash) — (wt. of filter paper ash) ^ 
wt. of sample 
Coarse Particles 

Apparatus 

9. Sieve. — A No. 140 (105-micron) and 
a No. 325 (44-micron) sieve conforming 
to the Standard Specifications for Sieves 
for Testing Purposes (A.S.T.M. Designa- 
tion: E 11) of the American Society for 
Testing Materials® shall be, used. 

Procedure 

10. (u) Total Residue Retained^ on a 
No. 140 {105-micron) Sieve. — Dry a No. 
140 (105-micron) sieve in an oven at 105 
to 110 C., cool, and weigh accurately. 
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Transfer 10 g. of the sample to a mortar, 
moisten with alcohol, add 100 ml. of 
water, thoroughly mix by gentle pressure 
with the finger to break up all lumps, and 
wash through the sieve with a gentle 
stream of water, brushing gently with a 
camel’s hair brush until nothing more 
passes through the sieve. Dry the 
sieve for 1 hr. at 105 to 110 C., cool, 
and weigh. 

(b) Calcidation. — Calculate the per- 
centage of coarse particles as follows: 

Coarse particles, per cent = 

wt. increase of sieve ^ 
wt. of sample 

(c) Total Residue Retained on a No. 

325 {44-Micron) Determine the 

coarse particles as described in Para- 


graphs {a) and {h) using a 1-g. sample and 
substituting a No. 325 (44-micron) sieve. 

Color 

Standard Pigments 

11. {a) Standard Mica Pigment. 

{b) Standard Zinc Oxide.. 

Procedure 

12. Compare pastes made by rubbing 
a standard mica pigment and standard 
zinc oxide, mutually agreed upon by the 
purchaser and the seller, in linseed oil 
wdth a similar paste using the sample to 
be tested. Rub 9 g. of zinc oxide, and 
3 g. of mica pigment on a glass plate 
wdth a glass muller or rubber spatula to 
avoid staining, with 4 ml. of bleached 
linseed oil. Spread the pastes adjacently 
on a clear glass plate and determine the 
color by viewing the spreadouts on the 
glass. 



Tentative Methods of 

ANALYSIS OF MAGNESIUM SILICATE PIGMENT^ 



A.S.T.M. Designation: D 717-43 T 
Issued, 1943. ^ 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These methods cover the procedures 
for the chemical analysis of magnesium 
silicate pigment. 

Silicon Dioxide 

Procedure 

2. (a) Transfer 1 g. of the sample to a 
platinum crucible and fuse with 5 g. 
of NaaCOsi starting the fusion over a 
small flame, then increase the heat 
gradually until the entire contents of the 
crucible are in a molten state, and con- 
tinue heating for 20 min. Keep a close- 
fitting platinum cover on the crucible 
during the fusion. When the fusion is 
complete, allow the crucible and contents 
to cool, and transfer to a 600-ml. porce- 
lain casserole containing 200 ml. of 
water (Note). Boil until the melt is 
disintegrated. 

Note. — during the cooling period, the 
crucible is partially immersed several times in 
cold water to chill the outer portions of the 
melt, the subsequent removal of the melt is 


lUnder the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M, 
Committee D-1 on Paint, garnish, Lacquer, and Related 
Products. ^ ‘ 

2 Accepted by the Society at annual meeting, June, 
1943. 'I 


facilitated. Do not allow the water to enter 
the crucible while the contents are hot, because 
of possible spattering. 

(6) Remove the crucible and lid 
being careful to scrub and rinse out any 
adhering particles of the melt. Carefully 
acidify the contents of the casserole with 
HCl (sp. gr, 1.18); introduce the HCl 
(sp. gr. 1.18) in small portions, keeping a 
watch glass over the crucible in order to 
avoid loss by spattering. Add 30 ml. 
of HCl (sp. gr. 1.18) in excess and 
evaporate to dryness on a steam bath, 
care being taken to break up any crusts 
which form. When the material appears 
completely dry, and no odor of HCl can 
be detected, remove the casserole from 
the steam bath, and allow to cool. 

(c) Wash down the sides of the 
casserole with 20 ml. of HCl (sp. gr. 
1.18) and then with water. Repeat the 
evaporation as described in Paragraph 
(b), then bake for 1 hr. in an oven at 
105 C. Cool the residue, drench with 
25 ml. of HCl (sp. gr. 1.18), add 175 
ml. of water, and warm, while stirring, 
until all soluble salts are dissolved. 
Filter off the silica on a close-texture 
paper, wash five times with HCl (1:20), 
wash five times with hot water, and 
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reserve the filtrate for the determination 
of magnesium oxide (Section 3). 

(d) Transfer the paper and washed 
silica to a clean platinum crucible, 
ignite, first gently until the filter paper 
is consumed, and then at 1200 C. for 20 
min., cool, and weigh. Moisten the 
residue with water, add 5 drops of 
H 2 SO 4 (sp. gr. 1.84), and 15 ml. of HF. 
Evaporate to dryness on a steam bath, 
heat gently until H 2 SO 4 has been ex- 
pelled, and ignite at 1200 C. for 5 min. 
Cool and weigh. The loss in weight 
represents the Si 02 . 

(e) Calculation . — Calculate the per- 
centage of silica as follows: 


Si 02 , per cent 


wt. of SiOa 
wt. of sample 


X 100 


Magnesium Oxide 


Procedure 

3. {a) If an appreciable residue 
remains after the treatment with HF 
in accordance with Section 2 (d), fuse 
the residue with a small amount of 
K4S2O7 until it is dissolved. Leach the 
pyrosuhate melt out of the crucible 
with water and combine the solution with 
the filtrate reserved in accordance with 
Section 2 (c). 

(5) Remove the iron and aluminum 
from the combined solutions by pre- 
cipitation with NH4OH and filtration in 
the usual manner, and follow with a 
double precipitation of calcium in the 
alkaline filtrate by ammonium oxalate 
in the usual manner.® 

(c) Acidify slightly the combined 
filtrates from the calcium precipitation 
(which should be adjusted to a volume 
of 400 ml.) with HCl, and add a ten-fold 
excess of (NH 4 ) 2 HP 04 . If the solution 

3 Reference may be made to the procedures described 
in Sections 9 and 13 of the Standard Methods of Chemical 
Analysis of Portland Cement (A.S.T.M. Designation: 
C 114), which appears in this publication, see Contents in 
Numeric Sequence of A. S.T.M. Designations at front of 
book. 


becomes alkaline, add HCl (1:1) to 
keep the solution acidic. When the 
(NH 4 ) 2 HP 04 has completely dissolved, 
add NH4OH (1:3) slowly, while stirring, 
until a precipitate begins to appear; 
this should occur at the time the solution 
becomes alkaline and can best be in- 
duced by rapid stirring and rubbing the 
sides of the beaker with the glass stirring 
rod. Continue stirring, and add NH4OH 
(1:3) until no further precipitation 
occurs. Add 50 ml. of NH4OH (sp. gr. 
0.90), and allow the solution to stand 
overnight. 

{d) Filter the solution on a close- 
texture paper, and wash with NH4OH 
(5:95). Carefully dissolve the magne- 
sium ammonium phosphate precipitate 
by alternately pouring through the filter 
HCl (1:3) and water. Catch the filtrate 
in a clean 400-ml. beaker, adjust the 
volume to 250 ml., and add 0,2 g. of 
NH4H2PO4. Add NH4OH (1:3) slowly, 
while stirring rapidly, until a precipitate 
begins to appear, and continue stirring 
until precipitation is apparently com- 
plete. Add 25 ml of NH4OH (sp. gr. 
0.90) and allow to stand for 4 hr. 

(e) Filter the solution on a close- 
texture paper, and wash ten times with 
NH 4 OH (5:95). Transfer the precipi- 
tate wrapped in the moist paper to a 
weighed platinum crucible, char the 
paper slowly without allowing it to 
ignite, and burn the carbon off over a 
gradually increased flame which should 
never heat the crucible to more than the 
faintest red. Finally heat at 1000 to 
1100 C. for 30 min., cool in a desiccator, 
and weigh as Mg 2 P 207 . Repeat the 
heating to constant weight. 

(/) Calculation . — Calculate the per- 
centage of MgO as follows : 

MgO, per cent = 

t 

wt. of Mgl^apT X 0.3621 
wt. of sample 
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Loss ON Ignition Procedure 


Procedure 

4, (a) Transfer an accurately weighed 
portion of the sample (about 1 g.) to a 
previously ignited, weighed porcelam 
crucible, and ignite at 900 to 1000 C. for 
20 min. Cool in a desiccator, and weigh. 
Heat again for 5 min. to check the loss 
in weight. 

(b) Calculation . — Calculate the per- 
centage loss on ignition as follows: 

Loss on ignition, per cent = 


wt. decrease of sample after ignition 
wt. of sample 


X 100 


7 . (a) Dry a No. 325 (44-micron) sieve 
in an oven at 105 to 110 C., cool, and 
weigh accurately. Transfer 10 g. of the 
sample to a mortar, moisten with alco- 
hol, add 100 ml. of water, thoroughly 
mix by gentle pressure with the finger 
to break up all lumps, and wash through 
the sieve with a gentle stream of water, 
brushing gently with a camel’s hair 
brush until nothing more passes through 
the sieve. Dry the sieve for 1 hr. at 
105 to 110 C., cool, and weigh. 

(&) Calculation . — Calculate the per- 
centage of coarse particles as follows: 


Moisture and Other Volatile 
Matter 

Procedure 


Coarse particles, per cent = 

wt. increase of sieve 

— ; X 100 

wt. of sample 


5. (a) Transfer 1 g. of the sample to a 
wide-mouth, short weighing bottle pro- 
vided with a glass stopper. Heat, with 
the stopper removed, for 2 hr. at 105 db 
2 C., insert the stopper, cool, and weigh. 

{b) Calculation . — Calculate the per- 
centage moisture and other volatile 
matter as follows : 

Moisture and other 
volatile matter, per cent = 

wt. loss on heating ^ 
wt. of sample 

Coarse Particles 

{Total Residue Retained on No. 325 
{44-micron) Sieve) 

Apparatus 

6. Sieve . — A No. 325 (44-micron) sieve 
conforming to the Standard Specifica- 
tions for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11) of the 
American Society ^r Testing Materials,* 
shall be used. 

^ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Color 

Standard Pigment 

8. {a) Standard Extender Pigme7it. 

{b) Standard Zinc Oxide. 

Procedure 

9. Carefully weigh out the proportions 
of the standard extender pigment and 
standard zinc oxide mutually agreed 
upon, and rub up to a fairly stiff paste 
with a glass muller on a glass plate or 
stone slab with raw linseed oil con- 
forming to the Standard Specifications 
for Raw Linseed Oil (A.S.T.M. Designa- 
tion: D 234) of the American Society 
for Testing Materials.* Note the volume 
of the oil required. Prepare a similar 
paste with the sample, using the same 
weight of pigment, volume of oil, and 
number of strokes of the glass muller 
as used in the preparation of the paste 
of the standard pigments. Spread the 
pastes adjacently on a microscope 
slide, draw a scraper lightly across them 
so as to present them on an even plane, 
and judge the color immediately. 


Tentative Methods of 
ANALYSIS OF ALUMINUM SILICATE PIGMENT^ 



A.S.T.M. Designation: D 718 - 43 T 
Issued, 1943.* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These methods cover the proce- 
dures for the chemical analysis of 
aluminum silicate pigment. 

Silicon Dioxide 

Procedure 

2. (o) Transfer 1 g. of the sample 
to a platinum crucible and fuse with 5 
g. of Na 2 C 03 , starting the fusion over a 
small flame, then increase the heat 
gradually until the entire contents of the 
crucible are in a molten state, and con- 
tinue heating for 20 min. Keep a 
close-fitting cover on the crucible during 
the fusion. When the fusion is complete, 
allow the crucible and contents to cool, 
and transfer to a 600-ml. porcelain 
casserole containing 200 ml. of water 
(Note). Boil until the melt is dis- 
integrated. 

Note. — If, during the cooling period, the 
crucible is partially immersed several times in 
cold water to dull the outer portions of the 
melt, the subsequent removal of the melt is 
facilitated. Do not allow the water to enter the 


^ Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Accepted by the Society at annual meeting, June, 
1943. 


crucible while the contents are hot, because of 
possible spattering. 

{b) Remove the crucible and lid 
being careful to scrub and rinse out any 
adhering particles of the melt. Care- 
fully acidify the contents of the casserole 
with HCl (sp. gr. 1.18); introduce the 
HCl (sp. gr, 1.18) in small portions, 
keeping a watch glass over the crucible 
in order to avoid loss by spattering. 
Add 30 ml. of HCl (sp. gr. 1.18) in 
excess and evaporate to dryness on a 
steam bath, care being taken to break 
up any crusts which form. When the 
material appears completely dry, and 
no odor of HCl can be detected, remove 
the casserole from the steam bath, and 
allow to cool. 

(c) Wash down the sides of the casse- 
role with 20 ml. of HCl (sp. gr. 1.18) 
and then with water. Repeat the evapo- 
ration as described in Paragraph (Z>), 
then bake for 1 hr. in an oven at 105 C. 
Cool the residue, drench with 25 ml. of 
HCl (sp. gr. 1.18), add 175 ml. of water, 
and warm, while stirring, until all soluble 
salts are dissolved, filter off the silica 
on a close-texture papeJ-, wash five times 
with HCl (1:20), wash five times with 
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j 


i 

j 


hot water, and reserve the filtrate for 
the determination of aluminum oxide 
(Section 4). 

(d) Transfer the paper and washed 
silica to a clean platinum crucible, 
ignite, first gently until the filter paper 
is consumed, and then at 1200 C. for 
20 min., cool, and weigh. Moisten the 
residue with water, add 5 drops of 
H2S(34 (sp. gr. 1.84), and 15 ml. of HF. 
Evaporate to dryness on a steam bath, 
heat gently until H2SO4 has been ex- 
pelled, and ignite at 1200 C. for 5 min. 
Cool and weigh. The loss in weight 
represents the SiOo. 

(<s) Calculation. — Calculate the per- 
centage of silica as follows: 


SiOj, per cent 


\vt. of Si02 
\vt. of sample 


X 100 


Aluminum Oxide 

Reagents 

3. (a) Stannous Chloride Solution . — 
Dissolve 5 g. of SnCh • 2H2O in 10 ml. 
of HCl (sp. gr, 1.18), and dilute to 100 
ml. with water. Add scraps of iron-free 
granulated tin, and boil until the solu- 
tion is clear. Keep the solution in a 
closed dropping bottle containing 
metallic tin. 

(5) Sulfuric - Phosphoric Add 
Mixture. — Add slowly, while stirring, 150 
ml. of H3PO4 (sp. gr. 1.71, 85 to 88 per 
cent) and 150 ml. of FI2SO4 (sp. gr. 1.84) 
to 500 ml. of water, dilute to 1 liter 
with water, and mix, 

(c) Diphenylamine Indicator Solution. 
— Dissolve 1 g. of diphenylamine in 
100 ml. of H2SO4 (sp. gr. 1.84). 

{d) Mercuric Chloride Solution 
{Saturated). 

(e) Standard Potassium Bichromate 
Solution {0.05 N). — Dissolve 2.457 g, 
of K2Cr207 in water|and dilute to 1 liter. 
Standardize against National Bureau of 
Standards’ standard sample No. 27& 
of Sibley iron ore, using such an amount 


as to give approximately the same titra- 
tion as the sample to be analyzed. 

Procedure 

4. {a) If an appreciable residue re- 
mains after the treatment with HF in 
accordance with Section 2 {d), fuse the 
residue with a small amount of K4S2O7 
until it is dissolved. Leach the pyrosul- 
fate melt out of the crucible with water 
and combine the solution with the 
filtrate reserved in accordance with 
Section 2 (cX 

(6) Bring the volume of the combined 
solution to 250 ml., and, if necessary, 
add HCl in order to insure a total of 10 to 
15 ml. of HCl, add a few drops of methyl 
red indicator solution, and heat to boiling. 
Add NH4OH (sp. gr. 0.90) drop by drop 
until 1 drop changes the color of the solu- 
tion to a distinct yellow. Reheat the so- 
lution containing the precipitated hydrox- 
ides to boiling, boil for 1 or 2 min., and 
filter. Wash the precipitate once by de- 
cantation and then slightly on the filter 
with hot NH4CI (20 g. perl.). 

(c) Transfer the precipitate and paper 
to the original beaker in which the pre- 
cipitation was made. Dissolve the 
precipitate in hot HCl (1:3), dilute 
to 100 ml., and precipitate again as 
described in Paragraph {h). After filter- 
ing, wash the precipitate ten times with 
small portions of hot NH4CI (20 g. 
per 1.). Transfer the precipitate to a 
weighed platinum crucible, heat slowly 
until the paper is charred, and finally 
ignite to constant weight at 1050 to 1100 
C. in an electric furnace or over a burner, 
care being taken to avoid reduction. 
Weigh the precipitate as AI2O3 -f- Fe203. 

{d) Determine the percentage of 
Fe203 alone as follows and subtract 
from the percentage of AI2O3 -f- Fe203 
to obtain the percentage of AI2O3: 
Transfer a separate sample of 1 g. to 
a 250-ml. beaker, add 20 ml. of cold 
water, stir, and add 10 ml. of HCl 
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(sp. gr. 1.18). Warm, and grind the 
sample with the flattened end of a glass 
rod until decomposition is complete. 
Dilute the solution to 50 ml., heat to 
boiling, and add 5 ml. of HCl (sp. gr. 
1.18). Add SnCh solution drop by 
drop, while stirring, until the solution 
is decolorized, and then add 1 drop 
mor e . Cool the solution to room temper- 
ature, wash down the inside of the 
beaker with water, and add at one 
stroke 10 ml. of cool HgCh solution 
(saturated) . Stir the solution vigorously 
for 1 min., add 15 ml. of H2SO4-H3PO4 
mixture, and then add 3 drops of di- 
phenylamine indicator solution. Dilute 
the solution to 150 ml. with cold water. 
Titrate with 0.05 N K2Cr207 to an 
intense deep-blue end point that re- 
mains unchanged on further addition 
of 0.05 N KsCrzOv. 

(e) Calculation. — Calculate the per- 
centage of AI2O3 as follows: 

< 

AI 2 O 3 -f FesOs, per cent = — X 100 
B 


(h) Calculation. — Calculate the per- 
centage loss on ignition as follows : 

Loss on ignition, per cent — 


wt. decrease of sample after ignition 
wt. of sample 


X 100 


Moisture and Other Volatile 
Matter 


Procedure 

6. {a) Transfer 1 g. of the sample to a 
wide-mouth short weighing bottle pro- 
vided with a glass stopper. Heat, with 
the stopper removed, for 2 hr. at 105 
± 2 C., insert the stopper, cool, and 
weigh. 

(6) Calculation. — Calculate the per- 
centage of moisture and other volatile 
matter as follows: 


Moisture and other 
volatile matter, per cent = 

wt. loss on heating 

— — ^ X 100 

wt. of sample 

Coarse Particles 


Fe 203 , per cent = 


DC X 0.0798 
B 


X 100 


(Total Residue Retamed on a No. 
325 (44-micron) Sieve) 


AI 2 O 3 , per cent = 

(AI2O3 -f- Fe 203 , per cent) — FezOa, per cent 
where: 

.4 = weight of AI2O3 + Fe203, 

B — grams of sample used, 

C = milliliters of K2Cr207 required to 
titrate the sample, and 
D — normality of the K2Cr207. 

Loss ON Ignition 

Procedure 

5. (a) Transfer an accurately weighed 
portion of the sample (about 1 g.) to a 
previously ignited, weighed porcelain 
crucible, and ignite at 900 to 1000 C. 
for 20 min. Cool in a desiccator, and 
weigh. Pleat again for 5 min, to check 
the loss in weight. 


Apparatus 

7. Sieve. — A No, 325 (44-micron) sieve 
conforming to the Standard Specifica- 
tions for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11) of the 
American Society for Testing Materials,® 
shall be used. 

Procedure 

8. (a) Dry a No. 325 (44-micron) sieve 
in an oven at 105 to 110 C., cool, and 
weigh accurately. Transfer 10 g. of the 
sample to a mortar, moisten with alcohol, 
add 100 ml. of water, thoroughly mix by 
gentle pressure with the finger to break 
up aU lumps, andr wash through the 

sieve with a gentle' stream of water, 
r 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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brushing gently with a camel’s hair 
brush until nothing more passes through 
the sieve. Dry the sieve for 1 hr. at 
105 to 110 C., cool, and weigh. 

(5) Calculation . — Calculate the per- 
centage of coarse particles as follows: 

Coarse particles, per cent = 

wt. increase of sieve 

J X 100 

wt. of sample 

Color 

Standard Pigment 

9. (a) Standard Extender Pigment. 

{b) Standard Zinc Oxide. 

Procedure 

10. Carefully weigh out the proportion 


of the standard extender pigment and 
standard zinc oxide mutually agreed 
upon, and rub up to a fairly stiff paste 
with a glass muller on a glass plate or 
stone slab with raw linseed oil conform- 
ing to the Standard Specifications for 
Raw Linseed Oil (A.S.T.M. Designa- 
tion: D 234) of the American Society 
for Testing Materials.® Note the volume 
of the oil required. Prepare a similar 
paste with the sample using the same 
weight of pigment, volume of oil, and 
number of strokes of the glass muller as 
used in the preparation of the paste of 
the standard pigments. Spread the 
pastes adjacently on a microscope slide, 
draw a scraper lightly across them so as 
to present them on an even plane, and 
judge the color immediately. 


Tentative Methods of 

A.NALYSIS OF DIATOMACEOUS SILICA PIGMENT^ 



A.S.T.M. Designation: D 719 -43;T 


Issued, 1943. ^ 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These methods cover the proce- 
dures for the chemical analysis of 
diatomaceous silica pigment. 

Loss ON Ignition 

Procedure 

2. (fl) Transfer an accurately weighed 
portion of the sample (about 1 g.) to a 
previously ignited, weighed porcelain 
crucible, and ignite at 900 to 1000 C. 
for 20 min. Cool in a desiccator, and 
weigh. Heat again for 5 min. to check 
the loss in weight. 

(6) Calculation . — Calculate the per- 
centage loss on ignition as follows: 


of HCl (1:2), and boil for S min. Cool, 
dilute to 250 ml. with water, shake 
thoroughly, and allow to settle. Decant 
the solution through a dry filter, dis- 
carding the first 20 ml., and catch 100 
ml. of the subsequent filtrate in a volu- 
metric flask. Transfer the solution to a 
tared porcelain dish, and evaporate to 
dryness. 

(&) Calculation . — Calculate the per- 
centage of matter soluble in HCl as 
follows: 

Matter soluble in HCl, per cent = 

wt. of residue 

X 100 

wt. of sample 


Loss on ignition, per cent = 

wt. decrease of sample after ignition ^ 
wt. of sample 

Matter Soluble in Hydrochloric 
•Acid 

Procedure 

3. (a) Transfer 2.5 g. of the sample to 
a 250-ml. volumetric flask, add 25 ml. 


1 Under tlie standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Accepted by the Society at annual meeting, June, 
1943. 


Moisture and Other Volatile 
Matter 

Procedure 

4. (a) Transfer 1 g. of the sample to a 
wide-mouth, short weighing bottle pro- 
vided with a glass stopper. Heat, with 
the stopper removed, for 2 hr. at 105 
± 2 C., insert the stopper, cool, and 
weigh. 

(b) Calculation . — palculate the per- 
centage moisture a,hd other volatile 
matter as follows: 
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Moisture and other 
volatile matter, per cent = 

wt. loss on heating 

, X 100 

wt. of sample 

Volume of Settling in 
Petroleum Spirits 

Procedure 

5. Transfer 3 g. of the sample to a 
100-ml. graduated cylinder. Add min- 
eral spirits, conforming to the Standard 
Specifications for Petroleum Spirits 
(Mineral Spirits) (A.S.T.M. Designa- 
tion; D 235) of the American Society for 
Testing Materials,® until a total volume 
of 100 ml. is obtained. Disperse the 
mixture by inverting the cylinder 50 
times, and then allow to stand for 1 hr. 
Read the volume of the settled pigment. 

CO.A.ESE Particles 

{Total Residue Retained on No. 325 
{44-micron) Sieve) 

Apparatus 

6. Sieve. — K No. 325 (44-micron) sieve 
conforming to the Standard Specifica- 
tions for Sieves for Testing Purposes 
(A.S.T.M. Designation: E 11) of the . 
American Society for Testing Materials® 
shall be used. 

Procedure 

7. {a) Dry a No. 325 (44-micron) 
sieve in an oven at 105 to 110 C., cool, 
and weigh accurately. Transfer 10 g. 
of the samfile to a mortar, moisten with 
alcohol, add 100 ml. of water, thoroughly 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


mix by gentle pressure with tlie finger 
to break up all lumps, and wash through 
the sieve with a gentle stream of water, 
brushing gently with a camel’s hair 
brush until nothing more passes through 
the sieve. Dry the sieve for 1 hr. at 
105 to 110 C., cool, and weigh. 

(6) Calculation . — Calculate the per- 
centage of coarse particles as follows: 

Coarse particles, per cent = 

wt. increase of sieve 

^ X 100 

wt. 01 sample 

Color 

Standard Pigment 

8. {a) Standard Extender Pigment. 

{h) Standard Zinc Oxide. 

Procedure 

9. Carefully weigh out the proportions 
of the standard extender pigment and 
standard zinc oxide mutually agreed 
upon, and rub up to a fairly stiff paste 
with a glass muller on a glass plate or 
stone slab with raw linseed oil conform- 
ing to the Standard Specifications for 
Raw Linseed Oil (A.S.T.M. Designation: 
D 234) of the American Society for 
Testing Materials.® Note the volume 
of the oil required. Prepare a similar 
paste with the sample, using the same 
weight of pigment, volume of oil, and 
number of strokes of the glass muller as 
used in the preparation of the paste of 
the standard pigments. Spread the 
pastes adjacently on a microscope slide, 
draw a scraper lightly across them so as 
to present them on an even plane, and 
judge the color immediately. 


§ 


Tentative Specifications for 

OITICICA OIL (PERMANENTLY LIQUID)^ 



A.S.T.M. Designation: D 601 - 41 T 
Issued, 1941.* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover oiticica 
oil that has been treated to render it 
permanently liquid. 

Properties 

2. Oiticica oil (permanently liquid) 
shall conform to the following require- 
ments: 


Specific gravity, 15.5/15.5 C., min... 0.978 

Viscosity, min., poises 18 

Acid number, max 8.0 

Iodine number (Wijs), min. 135 

Color (Gardner 1933 Standards),® 

max 11 

Heating test, max., minutes 17 

Refractive index at 25 C., min 1 .5100 

Matter insoluble in chloroform, max., 
percent 0.1 


“ H. A. Gardner, “The Physical and Chemical Examina- 
tion of Paints, Varnishes, Lacquers, and Colors,” Ninth 
Edition, p. 69. 


Methods of Testing 

3. (a) The properties enumerated in 
these specifications, with the exception 
of viscosity and color, shall be deter- 
mined in accordance with the Standard 
Methods of Testing Drying Oils 
(A.S.T.M. Designation: D 555) of the 
American Society for Testing Mate- 
rials.® 

(6) Viscosity shall be determined in 
accordance with the Standard Methods 
of Testing Oleoresinous Varnishes 
(A.S.T.M. Designation: D 154) of the 
American Society for Testing Materials.® 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Conrmittee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

2 Accepted by the Society at annual meeting, June, 1941. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Tentative Methods of 
SAMPLING AND TESTING TURPENTINE’ 



A.S.T.M. Designation; D 233 - 44 T 
Issued, 1944.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


j Scope 

j 1. These methods cover procedures for 

i sampling and testing turpentine and 
j pinene, 

I Sampling 

Sampling 

2. (a) The method of sampling speci- 
fied in Paragraph (&) or (c) shall' be used, 
according to the special conditions that 
obtain. 

1 ih) From Loaded Tank Car or Other 
i Large Vessel . — The composite sample 

taken shall be not less than | gal. and 
should consist of small samples of not 
more than 1 qt. each, taken from near 
the top and bottom by means of a metal 
or glass container with removable stop- 
per or top.^ This device, attached to a 
suitable pole, shall be lowered to the 
desired depth, when the stopper or top 
shall be removed and the container 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Accepted by Committee E-10 on Standards, October 
30, 1944. 

Prior to their present publication as tentative, these 
methods were published a/fstandard from 1926 to 1944, 
being revised in 1933 and lv d6. Prior to adoption in 1926, 
these methods were published as part of the Standard 
Specifications for Turpentine (D 13 - 24). 


allowed to fill. If a sample from close 
to the bottom of a tank shows a decided 
difference in color or appearance from 
samples taken at other depths, an extra 
bottom sample shall be taken and 
examined separately from the composite 
sample. In such case the composite 
sample shall not include any portion of 
such bottom sample. 

{c) From Barrels and Drums . — At 
least 5 per cent of the packages in any 
shipment shall be represented in the 
sample. The purchaser may increase 
the percentage of packages to be sampled 
at his discretion, and it is recommended 
that every package be sampled in the 
case of expensive terpene hydrocarbons 
that are bought in small quantity, A 
portion shall be withdrawn from about 
the center of each package sampled by 
means of a “thief” or other sampling 
device. The composite sample thus 
obtained shall be not less than 1 qt. and 
shall consist of equal portions of not less 
than I pt. from each package sampled. 


» Detailed description of equipment suitable for such 
sampling is given in the Standard Methods of Sampling 
Petroleum and PetroleumProducts (A.S.T.M. Designation: 
D 270) , 1944 Book of A.S.T.M. Standards, Part III. 
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Detection and Removal 
OE Separated Water 

Procedure 

3. Draw a portion by means of a glass 
or metal container with a removable 
stopper or top,® or with a “thief,” from 
the lowest part of the container, or by 
opening the bottom valve of the per- 
fectly level tank car. If water is found 
to be present, draw it all out, record the 
quantity, and deduct it from the total 
volume of liquid delivered. 

Appearance 

Procedure 

4. Examine a portion of the sample 
after agitation to determine whether its 
appearance conforms to the specifica- 
tions. 

Color 

Apparatus 

5. Colorimeter The colorimeter 

tube shall be a straight, cylindrical tube 
of clear, colorless, soda-lime glass. It 
shall be 230 to 280 mm. in length, 
21 ± 1 mm. in inside diameter, and 
Ij to mm. in wall thickness. The 
bottom may be (i) blown with the tube, 
of a uniform thickness of 1.0 to 1.5 mm., 
with the outer surface flat-ground and 
polished, and showing little or no dis- 
tortion of the field of view when the tube 
is filled to a depth of 50 mm. with the 
sample; or it may be (2) a separate 
colorless glass plate vitreously fused or 
sealed to the bottom of the cylinder, 
1.0 to 1.5 mm. in thickness, with the 
outer surface flat-ground and polished, 
and having a diameter not more than 
1 mm. greater than the outside diameter 
of the cylinder. Graduation lines shall 
be ruled or etched on the outside of the 
cylinder at each 2 mm. from the level of 
the inner surface of the bottom to a 


height of 200 mm., each tenth line being 
longer and marked to show the distance 
from the bottom. 

Procedure 

6. (a) Fill one colorimeter tube to a 
depth of from 40 to 50 mm. with the 
sample and place over or under it (in a 
colorimeter if available) a No. 2.0 yellow 
Lovibond glass. Place over or under a 
second colorimeter tube a No. 1.0 yellow 
Lovibond glass, and then pour the sample 
into this tube until the colors of the fields 
of vision or beams of light passing 
through the tubes and the superimposed 
glasses are as nearly alike as possible. 
If the difference in the depths of the 
columns of sample is 150 mm. or more, 
the material is “Water- white”; if this 
difference is less than 150 ram. but 
not less than 50 mm., the material is 
“Standard.” 

(b) Alternative Procedure A. — Com- 
pare the color of the sample in colorim- 
eter tubes or in any other suitable appa- 
ratus (such as ordinary 4-oz. oil sample 
bottles having flat polished bottoms), 
with the color of an equal depth (at 
least 100 mm.) of freshly prepared solu- 
tions containing the following amounts 
of K 2 Cr 207 and C 0 CI 2 per liter (Note 1) : 

Test Solution KsCrsOr CoCh'fiHsO 

For Water-white 0.0072 g. 0.07 g. 

For Standard 0.0180 g. 0.15 g. 

Note 1. — These aqueous standard solutions 
may be conveniently made up by diluting stock 
solutions, as follows: 

Solution A. — Dissolve 1.80 g. of c.p. 
K 2 Cr 207 in 1 liter of distilled water containing 
1 ml. of HCl (sp. gr. 1.18). 

Solution B. — Dissolve 1.00 g. of CoCh* 
6 H 2 O in 1 liter of distilled water containing 
20 ml. of HCI (sp. gr. 1.18). 

‘Water-white'' Test Solution. — Add 2.0 ml. 
of Solution A to 35 ml. of Solution B and 
dilute to 500 ml. with-distilled water. 

“Standard" Test Solution. — Add 5.0 ml. of 
Solution A to 75 ml. OpSolution B and dilute 
to 500 ml. with distilled water. 
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(c) Alternative Procedure B. — Com- 
pare the color of the sample, in the same 
manner as described in Paragraph (b), 
with solutions of K 2 PtCl 6 (Note 2). 
(Do not use CoCb with this reagent for 
this test.) 

Note 2. — These aqueous standard solutions 
may be conveniently made up by diluting a 
stock solution, as follows: 

Stock Solution. — Dissolve 0.6225 g. of c.p. 
KaPtClo in distilled water, add 50 ml. of 
c.p. HCl (sp. gr. 1.18), and dilute to 500 ml. 

“Water-u'hite" Test Solution. — Dilute 22.0 
ml. of the stock solution to 250 ml. 

“Standards Test Solution. — Dilute 47.5 ml. 
of the stock solution to 250 ml. 

These diluted solutions are relatively stable, 
for at least six months, and may be preserved 
for recurrent use by sealing the bottles with 
clean, new, tightly fitting cork stoppers that 
have been impregnated and waterproofed by 
immersion in hot melted parafiin wax for 30 min. 

{d) Alternative Procedure C. — Deter- 
mine the color with a Saybolt Chromom- 
eter according to the method given in 
the Standard Method of Test for Color 
of Refined Petroleum Oil by Means of 
Saybolt Chromometer (A.S.T.M. Desig- 
nation: D 156).^ If the color is equal to 
Saybolt No. 19 or above, the material is 
“Water-white,” If the color is darker 
than Saybolt No, 19 but not darker than 
Saybolt No. 10, the material is “Stand- 
ard.” 

Odor 

Procedure 

7. Compare the odor of the sample 
with an agreed-upon water-free reference 
sample kept in the dark in a completely 
filled well-stoppered bottle. In the 
absence of such a sample, compare with 
samples of known purity similarly 
preserved. 

Specific Gravity 
Procedure 

8. Determine specific gravity at 

« Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


15.5/15.5 C. bj' any convenient method 
having a precision of 0.0005. Determi- 
nations made at any other temperature 
using apparatus standardized at 15.5 C. 
shall be corrected by adding to or sub- 
tracting from the observed reading 
0.00082 for each degree Centigrade that 
the temperature of the liquid is above or 
below 15.5 C. If the determination is 
made with apparatus calibrated for a 
temperature other than 15.5 C., the 
observed reading shall first be calculated 
to density at the temperature of observa- 
tion, then converted to density at 15.5 C. 
by applying the above factor, and finally 
converted to specific gravity by dividing 
the calculated density by 0.999 (the 
density of water at 15.5 C.). 

Refractive Index 

Procedure 

9. Determine the refractive index with 
an accurate instrument, at 20 C. if 
possible. If determined at any other 
temperature, correct the reading ob- 
tained to 20 C. by adding or subtracting 
0.00045 for each degree Centigrade that 
the temperature at which the determina- 
tion was made is, respectively, above or 
below 20 C. 

Distill .ation 

Apparatus 

10. Use the type of distillation appa- 
ratus described in the Standard Method 
of Test for Distillation of Gasoline, 
Naphtha, Kerosine, and Similar Pe- 
troleum Products (A.S.T.M. Designa- 
tion: D 86),^ with the following excep- 
tions: 

(i) For testing turpentine or pinene 
use an A.S.T.M. Turpentine Distillation 
Thermometer, 76-mm. (3-in.) partial 
immersion, having a range of 147 to 
182 C., and conforming to the require- 
ments for thermometer E 1 (27C-42) 
as prescribed in the Standard Specifi- 
cations for A.S.T.M. Thermometers 
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(A.S.T.M. Designation: El -44);^ or 
an A.S.T.M. Solvents Distillation 
Thermometer, 100-mm. (3.94-in.) par- 
tial immersion, having a range of 95 to 
255 C., and conforming to the require- 
ments for thermometer E 1 (42C-44T) 
as prescribed in the Tentative Specifi- 
cations for A.S.T.M. Thermometers 
(A.S.T.M. Designation: E1-44T).^ 
(2) Ice is not necessary in the con- 
denser bath. It is permissible to use 
a glass Liebig condenser 22 in. in length 
with 16 in. in contact with the cooling 
water and fitted with an adapter to 
extend 1 in. into the receiving 
graduate. 

Procedure 

11. (a) Using the receiving graduate, 
transfer exactly 100 ml. of the sample 
directly into the flask, allowing none to 
run into the side tube. If the sample 
contains dissolved or suspended water it 
is advisable to add a few small pieces of 
pumice or broken glass to promote 
smooth distillation. Insert the ther- 
mometer, so placed that the top of the 
mercury bulb (or the top of the contrac- 
tion chamber if the Solvents Distillation 
Thermometer is used) is level with the 
bottom of the side tube. Connect the 
side tube to the condenser, with the 
bottom of the flask resting securely in 
the opening in the asbestos board. Ap- 
ply heat cautiously, and regulate it so 
that the first drop of condensate falls 
from the condenser in not less than 5 
nor more than 10 min. Record as the 
initial boiling point the thermometer 
reading when the first drop falls from the 
end of the condenser, correcting for 
barometric pressure as described in 
Section 12. When the distillation be- 
gins, regulate the heat so that the distil- 
late is collected at a rate of not less than 
4 nor more than 5 ml, per min. (approxi- 
mately 2 drops per sec.). Discontinue 
the distillation when the temperature 
reaches that specified for the m in imu m 


percentage requirement (usually 170 C. 
for turpentine), after correcting for 
barometric pressure. Allow the con- 
denser to drain and read the percentage 
distilled. 

(b) The percentages distilled below 
successive selected temperatures and the 
temperature at which each successive 10 
ml. distills may also be determined, if 
desired, making the necessary correction 
of the temperature for barometric 
pressure. 


TABLE I.— TEMPERATURE CORRECTION 
(DEGREES CENTIGRADE) FOR 
BAROMETRIC PRESSURE.^ 



“ These corrections are calculated as follows: The 
observed barometric pressure is first corrected to what 
it would be at 0 C., by means of the table in Circular F, 
Instrument Division, U. S. Weather Bureau. The cor- 
rected barometric pressure is then subtracted from 760 
(or vice versa) and the difference is multiplied by 0.037 C. 
to give the temperature correction shown in Table I. 
(According to Landolt-Bornstein “Physikalish-Chemische 
Tabellen,” Fourth Edition, Table 127, p. 4.36, the distilla- 
tion temperature of turpentine is affected plus or minus 
0.057 C. for each millimeter variation of the barometer 
above or below the normal 760 mm. at 0 C.). 


Barometer Correction 

12. (a) The distilling temperature of 
turpentine (and pinene) is affected by 
0.057 C. for each millimeter variation of 
the atmospheric pressure. Therefore, 
the distillation temperatures observed or 
specified shall be corrected to permit the 
distillation to be conducted as though 
the barometer reading, corrected to 0 C., 
were exactly 760 mm. 

(b) When about to begin the distilla- 
tion, observe and record the barometric 
pressure and the t^perature of the 
barometer. (No temperature correction 
is necessary for aneroid type barometers.) 
From Table I determine the proper 
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temperature correction corresponding to 
these atmospheric conditions, interpolat- 
ing to the nearest 0.1 C. If the baro- 
metric pressure, corrected to 0 C., is 
below 760 mm., the temperature correc- 
tion must be added to the initial boiling 
point and subtracted from the end-point 
temperature; if above 760 mm., the 
correction must be subtracted from the 
initial boiling point and added to the end- 
point temperature. 

Note: Example . — Suppose the observed 
barometric pressure is 750 mm. at 32 C., and the 
initial boiling point is observed to be 155.2 C. 
From Table I the temperature correction is seen 
to be 0.8 C. Therefore, the corrected boiling 
point is 155.2 -f- 0.8 = 156 C. Furthermore, 
the temperature observation point at the end of 
distillation (170 C. at 760 mm.) must be altered 
to the same extent. Since the turpentine is 
distilling 0.8 C. below what it would at normal 
pressure, distillation must be discontinued at 
169.2 C. to determine the percentage distilling 
below 170 C. at 760 mm. pressure. 

Polymerization 


Reagent 

13. {a) Sulfuric Acid {38 N ). — In a 
weighed, glass-stoppered bottle (the 
usual 2|-liter acid bottle is convenient) 
mix H3SO4 (sp. gr. 1.84) with fuming 
suKuric acid (Note). If the concentra- 
tion of the fuming acid is designated by 
its content of free SO3, then the following 
proportions by weight will ordinarily 
yield a mixture slightly stronger than 
38 N: 


Free SOj in Fuming 
Sulfuric Acid, 
per cent 

50 .... 

20 to 30.... 
15 to 20.... 


Parts by Weiglit Parts by Weight 
of Fuming of H2SO4 

Sulfuric Acid (sp.gr. 1.84) 

100 150 

100 75 

100 50 


Determine the exact strength of the 
mixed acid in terms of H2SO4 by titrating 
a diluted aliquot :with standard alkali, 
observing the usug| precautions necessary 
for the accurate analysis of fuming acids. 
In the same way determine the per- 
centage of H2SO4 in the stock of concen- 
trated acid (sp. gr. 1.84). From these 


data calculate the quantity of H2SO4 
(sp. gr. 1.84) that must be added to the 
mixed acid to bring it to a concentration 
of 100.92 per cent of H2SO4. 

Note. — F uming acid containing oxides of 
nitrogen to prevent freezing should not be used. 

(&) After adjusting the concentration 
by adding the required quantity of 
H2SO4 (sp.gr. 1.84), thoroughly shake the 
bottle of mixed acid and again determine 
its concentration. The permissible vari- 



ation is plus or minus 0.15 per cent of 
H2SO4. As a final check it is advisable 
to run a polymerization test on a sample 
of turpentine of known purity. The 
residue should not exceed 2 per cent. 

(c) Special precautions shall be taken 
to prevent dilution of the 38 N H2SO4 by 
the absorption of atmospheric moisture. 
The arrangement shown in Fig. 1 is most 
suitable for storing and delivering meas- 
ured quantities of this reagent. With 
the three-way stopcocks A and B in the 
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position shown, acid is siphoned into the 
pipette P, the displaced air passing into 
R. To empty the pipette, A and B are 
turned to the position shown by the 
broken lines, air passing in at a. The 
acid adhering to the walls of the pipette 
dries this air so that when it passes into 
R on again filling the pipette there is no 
accumulation of moisture in the acid 
remaining in the reservoir. If such an 
arrangement is not to be had, the acid 
should be kept in bottles of not more than 
500-ml. capacity having tight-fitting glass 
stoppers. 

Procedure 

14. Place 20 ml. of 38 N H 2 SO 4 in a 
graduated, narrow-neck Babcock bottle, 
stopper, and place in ice water to cool. 
Add slowly from a pipette, a little at a 
time, while shaking gently after each 
addition, 5 ml. of the material to be 
examined. Add the turjientine drop by 
drop, with sufficient!);' vigorous shaking 
after each addition to mix the sample 
intimately into the acid. Turpentine is 


lighter than and not readily miscible 
with the acid; hence the shaking shall be 
performed in such a way as to mix the 
oil into the acid. Continue the shak- 
ing after all of the sample has been 
added, keeping the temperature down to 
60 to 65 C. by continued immersion in the 
ice water. When the mixture no longer 
warms on shaking, agitate thoroughly, 
and place the bottle in a water bath and 
heat at 60 to 65 C. for not less than 10 
min., keeping the contents of the bottle 
thoroughly mixed by vigorous shaking 
for 30 sec. each time, six times during the 
period. Do not stopper the bottle after 
the sample has been added, as it may 
explode. Cool to room temperature, fill 
the bottle with H 2 SO 4 (sp. gr. 1.84) until 
the unpolymerized oil rises into the 
graduated neck, and centrifuge from 4 to 
5 min. at not less than 1200 rpm., or for 
15 min. at 900 rpm., or allow to stand, 
lightly stoppered, for 12 hr. Calculate 
the percentage, note the consistency and 
color, and determine the refractive index 
(at 20 C.) of the impolymerized residue. 



Tentative Specijications for 


ORANGE SHELLAC AND OTHER LACS' 



A.S.T.M. Besignation: D 237-43 T 
Issued, 1943.* 


This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover six grades 
of orange shellac and other lacs desig- 
nated grades A, B, C, D, E, and F. 
Stick-lac and seed-lac are not included 
under these grades. 

Properties 

2. The material shall conform to the 
requirements prescribed in Table I. 


Note 1. — Grades A, B, and C ^should show 
no presence of roshi when tested in accordance 
with the qualitative test described in Section 15 
of the Standard Methods of Sampling and Analy- 
sis of Shellac (A.S.T.M. Designation: D 29,).* 
Note 2. — Grade E customarily occurs in the 
form of circular disks about 3 in. in diameter and 
in. in thickness and is known to the trade as 
pure button lac. Grade F is dark garnet in 
color and is known to the trade as pure garnet 
lac. Garnet lac also is manufactured in admix- 
ture with rosin and as a dewaxed lac, but these 
are not covered by these specifications. 


TABLE I.-REQUIREMENTS FOR ORANGE SHELLAC AND OTHER LACS. 



Grade A 

Grade B 

Grade C i 

Grade D 

Grade E 

Grade F 

Matter insoluble in specified hot solvents, max., per 

cent 

Iodine number, max 

Moisture, max., per cent 

Wax, max., per cent 

Orpiment, max. per cent 

Matter soluble in water, max., per cent., 

Ash, max., per cent 

Color 

1.25 

2.0 ' 

5.5 

0.025 

0.5 

1.0 

when spe 
sample 

2.00 

2.0 ' 

5.S 

0.02S 

0.5 

1.0 

cified, the 
agreed upo 

3.00 

2.0 ' 

5.5 

0.20 

O.S 

1.0 

color shali 
uby these! 

3.00 
24.3 

2.0 

5.5 
0.20 
O.S j 
1.0 

be no da 
Her and the 

1.00 

18.0 

2.0 

4.0 

none 

O.S 

0.5 

jker than 

purchaser.^ 

0.50 

18.0 

2.0 

3.5 

O.S 

O.S 

that of a 


" Attention is called to the fact that the seller and the purchaser must agree upon one of the two methods for determin- 
ing color appearing in A.S.T.M. Methods D 29.“ 


1 Under the standardization procedure of tiie Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

’ Accepted by Committee E-10 on Standards, August 30, 
1943. 

Prior to their present^ublication as tentative, these 
specifications were published as tentative from 1926 to 
1927. They were adopgfd in 1927, published as standard 
from 1927 to 1930, bup)Withdrawn and replaced in 1930 
by D 237 - 29 T whici/was published as tentative from 
1929 to 1933, being revised in 1933. They were again 
adopted as standard in 1933, published as standard from 
1933 to 1943, being revised in 1941, but withdrawn, revised 
and republished as tentative in 1943. 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications shall be determined in 
accordance with the Standard Methods 
of Sampling and Analysis of Shellac 
(A.S.T.M. Designation: D 29).® 

“ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Tentative Method of Test for 
COLOR OF ORANGE SHELLAC^ 



A.S.T.M. Designation: D 29 - 41 T 
Issued, 1941.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test is intended for 
the determination of the color of orange 
shellac when it is desired that the re- 
sults be expressed in terms of numerical 
values. 

Apparatus 

2. The apparatus shall consist of the 
following; 

(c) Funnel. — A No. 1 Buchner funnel 
of Coors porcelain, 5.6 cm. in inside 
diameter. 

{h) Colorimetric Tubes. — Nessler color 
comparison tubes, approximately 20 
mm. in diameter and 30 cm. in length. 

{c) Standard Light Source. — k light 
source consisting of a 100-w. Mazda, 
nitrogen filled, frosted glass, daylight 
lamp mounted at the center of the back 
wall of a 10-in. (25.4-cm.) cubic box 
so that the tip of the bulb faces front. 
The front opening of the box shall be 
covered with a white opaque paper or a 

1 Under the standardization {procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com-' 
mittee D-1 on Paint, Varnish, Lacquer, and Related Prod- 
ucts, 

2 This method is in effect a tentative revision of, and 
is intended to be added, when adopted, to the present 
Standard Methods of Sampling and Analysis of Shellac 
(D 29 - 40), which appears in this publication, see Con- 
tents in Numeric S'equence of A.S.T.M. Desigpiations at 
front of book. 


ground-glass plate. The lamp shall be 
inserted in a socket which just protrudes 
through the wall of the box so that the 
distance from the tip of the lamp to the 
paper or glass is approximately 4.5 in. 
(11.4 cm.). The five inside walls of the 
box shall be painted white. Any other 
suitable apparatus or standard daylight 
lamp may be used, provided it produces 
light of the same characteristics as speci- 
fied above. 

Reagents 

3. (a) 95 Per Cent Alcohol. — Specially 
denatured 190 proof alcohol; either 
formula No. 1 or formula No. 30 of 
the U. S. Internal Revenue Bureau. 

{b) Filter Aid. — ^Any high-grade ana- 
lytical filter cel for rapid flow. 

(c) Ferric Sulfate. — Any hydrated 
c.p. analyzed reagent. 

(d) Standard Sodium Hydroxide Solu- 
tion. — Dissolve 40 g. of pure NaOH in 
500 ml. of distilled water and dilute to 1 
liter in a volumetric fl?tsk. Standardize 
against, the correct weight of pure oxalic 
acid dihydrate. The Solution should 
have a strength of 1 iV. 

(e) Standard Sodkim Thiosulfate Solu- 
tion.— Dissolve pure sodium thiosulfate 
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in distilled water that has been pre- 
viously boiled to free it from carbon 
dioxide, in such proportion that 49.66 g. 
of crystallized sodium thiosulfate will be 
present in 1 liter of the solution. It is 
best to let this solution stand about 2 
weeks before standardizing. Stand- 
ardize with pure resublimed iodine or 
potassium bi-iodate. This solution will 
be approximately 0.2 N. Preserve in a 
brown stock bottle with a guard tube 
filled with soda lime. 

(/) Starch Solution. a paste of 
0.2 g. of soluble starch (potato starch) 
in cold water and pour into 100 ml. of 
boiling water, cool, and bottle. 

(g) Potassium Iodide. — lodate-free 

crystal. 

{h) Nickel Sulfate. — Analytical re- 
agent grade, NiSO^-dHaO. 

Preparation of Color Standards 

4. {a) Stock Solutions: 

Ferric Sulfate. — ^Dissolve 400 g. of 
Fe2(S04)3-XH20 (c.p. analyzed reagent 
grade) in about 600 ml. of water by 
heating to boiling while stirring con- 
stantly. After complete solution, cool 
to room temperature and dilute to 1 
liter in a volumetric flask. Standardize 
this stock solution by titrating with 
iodine in the following manner; Dissolve 
20 g. of potassium iodide in 30 ml. of 
water and add 5 ml. of the stock solution. 
Add to this approximately 2 per cent by 
weight of H2SO4 (sp. gr. 1.84). Allow 
to stand for 5 min. and titrate with 
0.2 N sodium thiosulfate in the usual 
manner, not adding the starch until near 
the end of the titration. Run at the 
same time a blank determination of the 
potassium iodide solution and correct for 
any nonuniformity of this reagent. Ad- 
just the stock solution to approximately 
0.725 M Fe2(S04)3 (Note); 5 ml. of the 
stock solution shdtild then be equivalent 
to 36.2 ± 0.8 mVi of 0.2 N sodium thio- 
sulfate solution. ' 
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Note. — ^T he amount of coordinated water 
in ferric sulfate may vary, and has to be takent 
into account in weighing out the required amount 
of ferric salt. It is usually about 6 mols per 
mol of ferric sulfate for the powdered analyzed 
reagent. 

Nickel Sulfate. — Dissolve 50 g. of 
NiS04‘6H20 in about 300 ml. of water. 
After complete solution, dilute to 500 
ml. in a volumetric flask. 

{h) Reference Standard for All Grades? 
— Transfer exactly 20 ml. of tlie stock 
ferric sulfate solution (Paragraph (a)) 
to a 100-mI. volumetric flask. Add 11.5 
ml. of the 1.0 iV aqueous NaOH solution 
from a burette, and shake until all the 
precipitate formed has dissolved. Then, 
add 10 ml. of the stock nickel sulfate 
solution and dilute to 100 ml. with 
distilled water. If any of the solutions 
show permanent precipitates, prepare 
fresh stock solution for this purpose. 

Procedure 

5. (n) Transfer exactly 5 g. of the 
sample to a clean 4-oz. wide-mouth 
bottle and add exactly 50 ml. of alcohol. 
Shake until the solution is complete and 
then cool to 10 C. Place a 5.5-cm. 
Whatman No. 5 filter paper or its equiva- 
lent in the Biichner funnel which has 
been mounted in the neck of a 2-1. 
suction flask with a rubber stopper.. 
Pour evenly upon the filter paper a 1-g. 
suspension of filter aid in 50 ml. of alco- 
hol, and suck completely dry with a 
partial vacuum, using a water suction 
pump. Remove the funnel, and add 
about 400 ml. of alcohol to the flask. 
Place an 8-in. test tube in the suction 
flask, supporting, if necessary, with filter 
paper, so that the tip of the Buchner 
funnel when inserted in the neck of the 
flask will come well within the open 

» This stiMdard color solution was designed to match 
the No. 5 iodine color standard of the Angelo color method 
which has been used by various laboratories for obtaining 
numerical color values for lacs. It is closer in hue to 
most lacs than the iodine solution and hence easier to 
match. 
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test tube. Reinsert the funnel in the 
flask. 

(b) Add 1 g. of filter aid to the cold 
varnish and stir thoroughly. Transfer 
completely to the Buchner funnel and 
^ter at the rate of 2 drops per second 
by, means of a carefully regulated 
yacuum. This may be conveniently 
done by the use of a water pump to 
which has been attached a trap carrying 
a stopcock to admit air. Slowly in- 
crease the amount of vacuum toward 
the end of the filtration in order to 
maintain a constant filtration rate, until 
^e .filtration is practically complete, 
and then suck dry. The final volume 
in the test tube should be 49 to 50 ml. 
Ifi, it is less than 48 ml, repeat the 
procedure. (Note 1.) 

' Note 1. — The method used in preparing the 
clear varnishes for comparison is very impor- 
tant. A slight loss in alcohol will materially 
affect the color of varnish when diluted for com- 


parison, Alcohol is placed in the flask to avoid 
undue evaporation of the solution during filtra- 
tion. The^rate of^filtration is an important 

factor. 

(c) Transfer 10 ml. of filtered solution 
to one of the colorimetric tubes, and 
compare with 10 ml. of the standard 
color solution by viewing the tubes 
transversely in front of the standard 
light source. Dilute the shellac solution 
with alcohol until it matches the refer- 
ence standard color. Report the volume 
in milliliters of the diluted solution; this 
is taken as the color number of the 
sample. The color of the filtered solu- 
tion shall be determined the same day 
upon which the samples are dissolved. 
(Note 2.) 

Note 2. — Most filtered solutions made by 
dissolving shellac that has been ground for 
analysis will darken appreciably in color if al- 
lowed to stand for periods longer than 12 hr. 



Tentative Method of Test for 

PHTHALIC ANHYDRIDE CONTENT OF ALKYD RESIN 
SOLUTIONS! 


A.S.T.M. Designation: D 563 - 43 T 
Issued, 1940; Revised, 1943.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 


should be addressed to the Society, 

Scope 

1. This method of test covers the pro- 
cedure for determining the phthalic 
anhydride content (Note) of alkyd resin 
solutions. 

Note. — Other dibasic acids such as maleic 
also precipitate as potassium salts under the 
conditions of the test and, if present as esters 
in the resin would, therefore, be calculated as 
phthalic anhydride. 

Apparatus 

2. The apparatus shall consist of the 
following: 

(a) Flask and Condenser.— K 500-ml. 
soil-digestion flask fitted with an air- 
cooled glass reflux condenser 32 in. in 
length. The connection between the 
flask and condenser shall be a ground- 
glass joint. 

(b) Steam Bath. 

(e) Gooch Crucible. 

id) Desiccator . — A desiccator provided 
with suitable means for evacuation. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M; 
Committee D-1 on Pai?^, Varnish, Lacquer, and Related 
Products. 

2 Revision acceptevi by the Society at annual meeting, 

June, 1943. q 


260 S. Broad St, Philadelphia 2, Pa. 

Procedure 

3. (a) Weigh a quantity of the liquid, 
equivalent to 2 to 3 g. solid content, 
into the 500-ml. flask. Add 10 ml. of 
benzol, connect the flask to the con- 
denser, and warm until a homogeneous 
mixture is obtained; then add 150 mi. of 
0.5 N KOH in absolute alcohol (Note). 
Warm on the steam bath at 60 C. for 1 
hr. and then reflux gently for 3 hr. 
Cool, allow to stand for 1 H., and wash 
down the sides of the flask with 50 ml. 
of absolute ether. 

(6) Filter at room temperature, using 
a Gooch crucible with an asbestos mat, 
and wash the precipitate with 50 ml. of a 
mixture of equal parts of absolute alcohol 
and ether, using five 10-ml. portions. 
Do not allow air to suck through the 
crystals, as they are strongly hygroscopic 
and may absorb moisture from the air. 
Dry for 10 min. in an oven heated to 
60 C., and then to constant weight over 
sulfuric acid in an evacuated desiccator. 
One gram of the precipitate, the potas- 
sium alcohol salt of phthalic a,cids, is 
equivalent to 0.5139 g. of phthalic 
anhydride. 

Note. — ^The alcohol may be denatured grade 
2B, but must be absolute. 
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SAMPLING AND GRADING ROSIN^ 



A.S.T.M. Designation: D 509 - 44 T 
Issued, 1938; Revised, 1944,2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1, These methods describe the pro- 
cedures for sampling and determining 
the grade of rosin delivered in com- 
mercial bags, barrels, or drums (Note). 

Noxe. — ^AU rosin sold in interstate commerce 
must be described by reference to the U. S. 
Standards for rosin, and is therefore subject 
to grading prior to such sale. The grading 
procedure described in these methods is used 
for checking grades or regrading after the rosin 
has moved from the primary markets to dis- 
tributing or consuming points. 

Apparatus 

2. The apparatus (see Fig. 1) for 
sampling and grading rosin shall con- 
sist of the following: 

(a) St&el Spike. — h portable steel 
spike as shown in .4, Fig. 1, with re- 
movable wooden handle, for obtaining 
a sample lump. The spike shall have 
the following approximate dimensions; 
30 in. in over-all length, 18| in. in length 
for steel shank, and 2 in. in outside 
diameter at handle end. The total 
weight of the spike shall be 4| lb. and 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.kT.M. 
Committee D-17 on Naval Stores. 

2 Revision accepted by the Society at annual meeting, 
June, 1944. 


the weight of the steel shank 3f lb. 
A suitable spike may also be made by 
sharpening one end of the drive shaft of 
an old automobile. The sharpened 
point shall be off center, and, in order 
to lessen the chances of breaking or 
snapping off at the tip, should not be 
extremely hard. 

{b) Sampling Adz . — A sampling adz 
as shown in D, Fig. 1, specially de- 
signed for cutting the “t3^e” or grading 
sample from the rosin lump. A lather’s 
hatchet with a narrow blade (C in 
Fig. 1) may also be used. The cutting 
edge shall be kept razor sharp for best 
results. 

(c) Heating Device , — A heating device 
having a smooth polished surface for the 
final smoothing and shaping to size of 
the cut sample for close grading. It 
shall be maintained at a temperature 
just high enough to permit rapid melting 
of the surface of the rosin but not hot 
enough to cause the rosin to sizzle and 
permit scorching. The device shown in 
£, Fig. 1, is a specially designed elec- 
trical heater having an angular head of 
nickel-plated copper, wfth one fin fast- 
ened between electric-h€j-ting elements. 
An ordinary electric flaf’ iron mounted 
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in a vertical position, point down, with 
a rheostat in the circuit, to control the 
current, also serves the purpose. 

(d) Grading Box.—A comparison or 
grading box as shown in B, Fig. 1, which 
is not always necessary but may be 
helpful in grading samples that are 
doubtful or “close to type,” that is, 
almost but perhaps not quite as good as 
the standard, or which may be difficult 


member, and If in. in overall height 
(top, bottom, and side). The large 
end shall be cut out as shown in Fig. 1 
to fit the face of the grader while the 
small end shall be fitted with two flat 
springs made of f-in. clock-spring steel, 
which serve to hold the sample and the 
standard in place on the extended end 
or lip of the lower member, in front of 
two |-in. square holes cut f in. apart, 


A— Rosin sjiike. 

B— Comparison box. 

C — Sampling hatchet. 

D— Sampling adz. 

E— Smoothing device. 

F — Rosin type samples. 

G— Ofihcial rosin standards. 
H— Spiked lump sample. 

I — Sample for grading. 

Fig. 1. — Apparatus for Sampling and Grading Rosin. 


to grade because of some unusual con- 
dition such as a reduced brightness or 
light transmission value caused by 
cloudiness or the presence of finely 
divided foreign matter suspended in 
the rosin. Such a box may be made of 
I in. wood stock, with the following 
approximate dimensions: 21 in. in over- 
all length at the)5ottom, 19f in. in length 
on top, 4| in. in width at the wide (eye) 
end, 2f in. in width at the small (sample) 
end of the top, 14 in. in width of side 


center to center, in a piece of sheet 
metal forming the small end of the box. 
A piece of sheet rubber fastened to the 
lip, acts as a cushion for the samples to 
rest on. An eye-piece, in the form of a 
transverse vertical partition having a 
centrally cut opening or slit f in, in 
width by 3 in. in length, shall be fastened 
inside the larger end, about 4 in. in 
from the end. The box shall have an 
interior finish of dull black, which may 
be obtained by glueing pieces of black 
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felt, cut to fit the interior, to the inner 
side of the several pieces of board from 
which the box is made. 

ie) Official Rosin Standards. — ^The Of- 
ficial U. S. Standards for rosin {G in 
Fig. 1) are assembled from glass com- 
ponents and are issued on loan by the 
U. S. Department of Agriculture,® in 
sets of twelve standards, for the follow- 
ing grades: Z, WW, WG, N, M, K, 
I, E, G, F, E, D. There is also a 
standard for FF wood rosin. If ‘Type” 
samples made of rosin (F in Fig. 1), 
carefully selected and prepared to con- 
form to or match the color of the official 
permanent government standards, are 
used, they shall be protected from heat 
and light when not in use, to prevent 
deformation and change of color. They 
shall be tested periodically for color and 
confonnity with the U. S. Standards, 
and replaced whenever they no longer 
match the standards. 

Sampling 

3. (a) Number of Packages to be 
Sampled. — preliminary sampling of 
20 per cent of the entire lot or shipment 
shall be made. If the grade of 85 per 
cent or more of the number of such 
preliminary samples agrees with the 
grade indicated on the package or in- 
voice, with none of the samples disagree- 
ing by more than one grade, the original 
grading shall be considered confirmed 
and the shipment accepted as a good 
dehvery. If the grades of more than 15 
per cent of the preliminary samples 
are in disagreement, or if any appreciable 
number are under grade by more than 
one grade, additional packages in the 
lot to make up a total equal to not less 
than 50 per cent of the entire shipment 
(preferably the entire shipment if ac- 


3 The standards are obtainable only on security loan 
from the Naval Stores Section, Cotton and Fiber Branch, 
War Food Administration, U. S. Dept, of Agric., Wash- 
ington, D. C., under the Regulations for Enforcement of 
the Naval Stores Act. 


cessible and not too great) shall be 
sampled. The findings on such larger 
quantity shall be accepted as the basis 
for settlement between the purchaser 
and the seller (Note). 

Note. — Gum rosin, that is, rosin made from 
the gum or oleoresin that has exuded from the 
living tree, is ordinarily made in batches of from 
6 to 8 bbl. or drums, weighing from 475 to 
600 lb. each. A sample drawn from any one 
package cannot be expected to represent more 
than the 6 or 8 bbl. or drums comprising the 
batch of which the sampled package was a part. 
The color value of the rosin in any one batch 
after the rosin has been packaged may show 
enough variation, due to several factors, to 
result in a difference in grade (usually not more 
than one grade) as between different barrels of 
the batch. The packages comprising a lot of 
rosin moving or that has moved in commerce 
from a large concentration and distributing 
point may represent the production of a number 
of different producers from widely separated 
localities, and from gum collected at different 
seasons of the year, and may also have been 
graded by a number of different graders. The 
difficulty of obtaining a correct appraisal of 
the grading of an entire lot of rosin from a too 
limited number of samples is thus apparent. 

(b) Method of Sampling. — By means 
of the spike, the rosin shall be broken 
into along the lines of a segment of the 
circular surface, removing the top or 
surface rosin from one fourth to one 
third of the surface area, to a depth of 
several inches. A lump about the size 
of a clenched fist {E, Fig. 1) shall then 
be broken or pryed loose from such a 
position that the top or upper side of 
the lump comes from at least 4 in. below 
the original surface (2 to 3 in. in the case 
of drums having permanent heads with 
small openings). In the case of the 
usual 100-lb. bags, the sample may 
come from any convenient location. By 
means of the sampling adz or hatchet, 
a grading sample shall be cut or cleaved 
from the lump as near^ cubical in shape 
as possible, f in. on thelside. If desired 
or indicated as necessary by the results 
of the cutting, the sample shall be shaped 
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to exact size by quick, intermittent, 
light applications against the heated 
smoothing device, removing any melted 
rosin from the surface with cotton waste 
or a soft cloth between each application. 
The final specimen for grading shall be 
an approximate cube having a tliickness 
of exactly | in. (/, Fig. 1), between 
smooth, parallel faces in the direction 
or dimension through which it is viewed 
or compared with the grade standard. 

Grading 

4. (a) The sample or “type” shall 
be compared with the appropriate stand- 
ard, preferably against an open direct 
north sky light, or in a direction which 
excludes direct rays from the sun from 
passing through the rosin to the eye. The 
grade of the rosin shall be considered 
that of the highest or lightest colored 
standard which the sample equals or 
excels (is lighter than) in color (Note). 
Should the color or appearance of the 
rosin be such that there is a doubt 
whether the rosin is as light or bright 
as the standard, the sample and the 
standard shall be viewed through the 
grading box or other suitable colorim- 
eter. Then in case of uncertainty the 
rosin shall be given the benefit of the 
doubt. For example, if a rosin sample 
is definitely darker than the WW stand- 
ard, but lighter than the W G standard, 
it is WG grade. If, however, the grader 
is undecided whether the total color 
of the rosin is “as good as” or equals, 
or is darker than that of the WW stand- 
ard, the grade is WW. 

Note. — The “color” of a sample of rosin 
is made up of three attributes: hue, saturation, 
and brightness. “Hue” alludes to the charac- 
teristic described by the words “yellow” or 
“red.” “Saturation” describes the purity or 
strength of the yellowness or redness of the 
color. “Brightness” depends on the relative 
amount of light transmitted by the rosin. 
The cleanliness of The rosin affects its trans- 
parency and the'lfore its brightness. The 
terms “lighter than” and its inverse, “darker 


than” are convenient to describe the difference 
betw'een a sample and a standard. The rosin 
may be darker than the standard in one or more 
of the following ways: (i) a redder hue, (2) a 
more saturated hue, and (J) a lower brightness. 

(b) A sample showing two distinct 
colors usually evidenced by darker 
streaks through the rosin, indicates a 
mixture of rosins in the package, in 
which case the darkest part of the 
sample or darkest rosin to be found in 
the package shall determine the grade. 

(c) A check sample taken from close 
to the bottom of a barrel or drum shall 
not be considered representative, because 
of a natural variation in color sometimes 
found between the top and bottom rosin, 
as well as a reduced brightness of the 
bottom rosin due to a settling of finely 
divided suspended matter usually pres- 
ent in normal gum rosin. Should such 
bottom sample show not more than one 
grade lower than the top sample, the 
latter shall determine the grade of the 
rosin in the barrel. If, however, the 
bottom-head sample is more than one 
grade lower than the top sample, double 
filling or “mixed-packing” is indicated, 
and the bottom-head sample shall de- 
termine the grade of the rosin in the 
package. 

(d) Rosin which is only slightly cloudy 
or opaque (caused by occluded moisture 
or separation of crystals in the solid 
mass) shall be graded in the usual way 
if the condition is not such as to prevent 
an accurate evaluation of the color in 
comparison with the standards. If, 
however, the opaqueness is of such a 
degree that the grade cannot be definitely 
determined in comparison with the 
standards, the rosin shall be designated 
“OPAQUE” and graded “OP,” in which 
case its acceptance and value shall be a 
matter for settlement between the pur- 
chaser and the seller without reference 
to grade. Such opaque rosin may be 
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further identified or described as pale, 
medium, or dark opaque. 

Tolerance 

5. The tolerance or allowance of 15 
per cent variation (Note) described in 
Section 3 is necessary because careful 
competent graders rarely get exact 
duplicate results on all individual sam- 
ples when regrading a large number of 


rosin samples. Moreover, a regrade 
sample, coming from a different posi- 
tion in the package, and after storage 
and weathering for an indefinite period, 
may be slightly darker than the original 
sample on which the grade was based. 
An allowance for such slight variation 
must therefore be made. 

Note. — T Lis tolerance is that recognized by 
the Federal Government in the administration 
of the U. S. Naval Stores Act. 



Tentative Methods of 
SAMPLING AND TESTING DIPENTENE* 



A.S.T.M. Designation: D 801 - 44 T 
Issued, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St,, Philadelphia 2, Pa. 


Scope 

1. These methods cover procedures 
for sampling and testing dipentene and 
related terpene solvents, consisting 
chiefly of monocyclic terpene hydrocar- 
bons distilling above the range for tur- 
pentine. 


removable stopper or top,^ or with a 
thief, from the lowest part of the con- 
tainer, or by opening the bottom valve of 
the level tank car. If water is found to 
be present, draw it all out, record the 
quantity, and deduct it from the total 
volume of liquid delivered. 


Sampling 

2. Sample the material in accordance 
with the procedure described in the 
Standard Methods of Sampling and Test- 
ing Lacquer Solvents and Diluents 
(A.S.T.M. Designation: D 268).® If a 
sample from close to the bottom of a tank 
shows a decided difference in color or ap- 
pearance from samples taken at other 
depths, take an extra bottom sample and 
examine it separately from the composite 
sample. In such case the composite sam- 
ple shall not include any portion of such 
bottom sample. 

Detection and Removal of Separated 

Water 

3. Draw a portion of the dipentene by 
means of a glass or metal container with a 

1 Under the standsudization procedure of the So- 
ciety, these methods hS’C under the jurisdiction of the 
A.S.T.M. Committee P-17 on Naval Stores. 

2 Accepted by thei|Society at annual meeting, June, 

1944. :/ . „ • 

2 Appears in this publication, see Contents m Numeric 
Sequence of A.S.T.M. Designations at front of book. 


Appearance 

4, Examine a portion of the sample 
after agitation to determine whether its 
appearance conforms to the specifica- 
tions. 


Color 

5. {a) Compare, in colorimeter tubes 
or in any other suitable apparatus (such 
as ordinary 4-oz. oil-sample bottles hav- 
ing flat polished bottoms), the color of 
the sample with an equal depth of a fresh 
solution of potassium dichromate in dis- 
tilled water containing 0.012 g. of 
K 2 Cr 207 per liter. 

Note. — ^An 150-mm. column of this solution 
has a color equal to that of a No. 1.5 Lovibond 
yellow glass. 

(6) As an alternative method, compare 
the color of the sample with that of the 


i Detailed description of equipment suitable for such 
sampling is given in the Standard Methods of Sampling 
Petroleum and Petroleum Products (A.S.T.M. Designa- 
tion; D 270), 1944 Book of A.S.T.M. Standards, Part III. 
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Saybolt standards as described in the 
Standard Method of Test for Color of Re- 
fined Petroleum Oil by Means of Saybolt 
Chromometer (A.S.T.M. Designation: D 
156).5 

(c) If the color is equal or lighter 
than the potassium dichromate solution, 
or if the color is equal to Saybolt No. 
16 or above, the dipentene is prime white. 

Odor 

6. Compare the odor of the sample 
with an agreed upon water-free reference 
sample kept in the dark in a completely 
filled well-stoppered bottle. In the ab- 
sence of such a reference sample, com- 
pare with samples of knowm purity simi- 
larly preserved. 

Specific Gravity 

7. Determine the specific gravity at 
15.5/15.5 C. by any convenient method 
having a precision of 0.001. 

Refractive Index 

8. Determine the refractive inde.v with 
an accurate instrument at 20 C., if pos- 
sible. If tested at any other tempera- 
ture, correct the reading obtained to 
20 C. by adding or subtracting 0.00045 
for each degree Centigrade that the tem- 
perature at which the determination was 
made is, respectively, above or below 
20 C. 

Distillation 

9. (a) Apparatus . — Use the distilla- 
tion apparatus described in the Standard 
Method of Test for Distillation of Gaso- 
line, Naphtha, Kerosine, and Similar 
Petroleum Products (A.S.T.M. Designa- 
tion: D 86)/ with the following excep- 
tions: 

(i) Thermometer . — Use an A.S.T.M. 

Partial Immersion Thermometer 

having a range of —5 to +300 C., con- 
forming to the requirements for this 

‘1944 Book of A.S.T.M. Standards, Part III. 


thermometer as prescribed in the 
Standard Specifications for A.S.T.M. 
Thermometers (A.S.T.M. Designa- 
tion: E 1),® or an A.S.T.M. Solvents 
Distillation Thermometer having a 
range of 95 to 255 C. and conforming to 
the requirements for this thermometer 
as prescribed in the Tentative Speci- 
fications for A.S.T.M. Thermometers 
(x\.S.T.M. Designation: E 1).^ 

(2) Condenser . — A Liebig glass con- 
denser 22 in. in length with 16 in. in 
contact with the cooling water may be 
used in place of the bath-type con- 
denser. 

{b) Procedure . — With the receiving 
graduate, transfer exactly 100 ml. of the 
sample directly into the flask, allowing 
none to run into the side tube and allow- 
ing the graduate to drain thoroughly. If 
the sample contains dissolved or sus- 
pended water it is advisable to add a few 
small pieces of pumice or broken glass to 
promote smooth distillation. Insert the 
thermometer so that the top of the 
mercury bulb (or the top of contraction 
chamber if the Solvents Distillation 
Thermometer is used) is level with the 
bottom of the side tube. Connect the 
side tube to the condenser, with the 
bottom of the flask resting securely in 
the opening in the asbestos board. 
Apply heat cautiously and regulate it 
so that the first drop of condensate falls 
from the condenser in not less than 5 
nor more than 10 min. Record as the 
initial boiling point the thermometer 
reading when the first drop falls from the 
end of the condenser. When the distilla- 
tion begins, regulate the heat so that the 
distillate is collected at a rate of not less 
than 4 nor more than 5 ml. per min. 
(approximately 2 drops per sec.). Dis- 
continue the distillation when the tem- 
perature reaches that specified for the 
minimum percentage r|quirement. Al- 
low the condenser to drain and record 
the percentage distilled. 
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Polymerization 

10. Determine the unpolymerized resi- 
due with 38 N sulfuric acid in accordance 
with the procedure described in the 
Tentative Methods of Sampling and 
Testing Turpentine (A.S.T.M. Designa- 
tion: D 233).® 

Spot Test 

11. Transfer 5 drops of the dipentene 
by means of a small pipette to the center 
of a clean white filter paper supported on 
a 7-cm. crystallizing dish and allow the 
liquid to evaporate at room temperature, 
away from direct sunlight. After 30 
min. observe if there is any oily spot on 
the filter paper. 

Copper Corrosion 

12. Place a clean strip of mechanically 
polished pure sheet copper, about | in. 
in width and 3 in. in length (1.3 by 7.5 
cm.) in a glass test tube about f in. in 
width and 18 in. in length (1.9 by 46 cm.). 
Add sufficient of the sample to be tested 
to cover the strip completely and heat 
rapidly to boiling (it is most convenient 
to heat the tube by immersion in an oil 


bath maintained at a temperature 
slightly higher than the initial boiling 
point of the dipentene). Keep the sam- 
ple boiling, without any actual distilla- 
tion taldng place, for 30 min., and then 
examine the copper strip for blackening. 
Disregard a slight tarnish, but any 
marked blackening shall be considered 
cause for rejection. 

Flash Point 

13. Determine the flash point by 
means of the Tag Closed Tester as de- 
scribed in the Standard Method of Test 
for Flash Point by Means of the Tag 
Closed Tester (A.S.T.M. Designation: 
D 56).® 

Moisture 

14. Transfer 5 ml. of the sample to a 
100-ml. glass-stoppered graduate. Add 
60-deg. Baume gasoline in S-ml. portions, 
shaking well after each addition. Both 
the sample and the graduate shall be at 
temperature of 20 C. when used. Add 
the gasoline in successive additions until 
the graduate is filled. No sediment or 
turbidity should develop. 


Tentative Methods of 
SAMPLING AND TESTING PINE OIL’ 


A.S.T.M. Designation: D 802 - 44 T 
Issued, 1944.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1 . These methods cover procedures for 
sampling and testing pine oils, and are 
applicable to both natural pine oils de- 
rived from pine stumps either b}^ the 
steam and solvent process or by destruc- 
tive distillation, and also to synthetic 
pine oils obtained by the chemical hydra- 
tion of terpene hydrocarbons. 

Sampling 

2. Sample the material in accordance 
with the procedure described in the 
Standard Methods of Sampling and Test- 
ing Lacquer Solvents and Diluents 
(A.S.T.M. Designation: D 268).* 

Appearance 

3. Examine a portion of the sample to 
determine its clarity and freedom from 
foreign matter and separated water. 

Color 

4. Compare the color of the sample in 
any suitable or designated apparatus 

1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-17 on Naval Stores. 

2 Accepted by the Society at annual meeting, June, 
1944. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


with the accepted or specified color 
standard. 

Specific Gravity 

5. Determine the specific gravity at 
15.5/15.5 C. by any convenient method 
having a precision of 0.0005. Deter- 
minations made at any other tempera- 
ture using apparatus standardized at 15.5 
C. shall be corrected by adding to or sub- 
tracting from the observed reading 
0.0008 for each degree Centigrade that 
the temperature of the liquid is above or 
below 15.5 C. 

Refractive Index 

6. Determine the refractive index with 
an accurate instrument at 20 C., if pos- 
sible. If tested at any other tempera- 
ture, correct the reading obtained to 
20 C. by adding or subtracting 0.00040 
for each degree Centigrade that the tem- 
perature at which the determination was 
made is, respectively, above or below 
20 C. 

Distillation ^ 

7. (a) Apparatus. — f^se the distilla- 
tion apparatus described in the Standard 
Method of Test for Distillation of Gaso- 
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line, Naphtha, Kerosine, and Similar 
Petroleum Products (A.S.T.M, Designa- 
tion: D 86),^ with the following excep- 
tions: 

(i) Thermometer . — ^Use an A.S.T.M. 
Partial Immersion Thermometer hav- 
ing a range of — 5 -f- 300 C,, conform- 
ing to the requirements for this ther- 
mometer as prescribed in the Standard 
Specifications for A.S.T.M. Ther- 
mometers (A.S.T.M. Designation: 
E 1),® or an A.S.T.M. Solvents Distilla- 
tion Thermometer having a range of 95 
to 255 C. and conforming to the re- 
quirements for this thermometer as 
prescribed in the Tentative Specifica- 
tions for A.S.T.M. Thermometers 
(A.S.T.M. Designation: E 1).® 

{2) Condenser. — h Liebig glass con- 
denser 22 in. in length with 16 in. in 
contact with the cooling water may be 
used in place of the bath-type con- 
denser. The temperature of the cool- 
ing water should not be below 20 C. 
{h) Procedure . — With the receiving 
graduate, transfer exactly 100 ml. of the 
sample directly into the flask, allowing 
none to run into the side tube and allow- 
ing the graduate to drain thoroughly. 
If the sample contains dissolved or sus- 
pended water it is advisable to add a few 
small pieces of pumice or broken glass to 
promote smooth distillation. Insert the 
thermometer so that the top of the mer- 
cuiy- bulb (or the top of the contraction 
chamber if the Solvents D istillation Ther- 
mometer is used) is level with the bottom 
of the side tube. Connect the side tube to 
the condenser, with the bottom of the flask 
resting securely in the opening in the 
asbestos board. Apply heat cautiously 
at first. When distillation begins, regu- 
late the heat so that the distillate is col- 
lected at the rate of not less than 4 nor 
more than 5 ml. per min. (approximately 
2 drops per sec.)? Observe and record 
the temperature when 5 ml. has collected 
in the graduatea cylinder and again at 


the 10, 20, 30, 40, 50, 60, 70, 80, 90, and 
95-ml. marks (Note). 

Note. — B ecause of the frequent presence 
of a small amount of dissolved water in pine oil, 
it is unnecessary to attempt to determine the 
initial boiling point. It is also not customary to 
determine the end point in the distillation of 
pine oil. 

Polymerization 

8. Determine the unpolymerized resi- 
due with 38 N sulfuric acid in accordance 
with the procedure described in the 
Tentative Methods of Sampling and 
Testing Turpentine (A.S.T.M. Designa- 
tion: D 233) .3 

Moisture 

9. Determine the moisture content in 
accordance with the Standard Method of 
Test for Water in Petroleum Products 
and Other Bituminous Materials (A.S. 
T.M. Designation: D 95), ^ using a glass 
flask"* and either petroleum naphtha, 
toluene, or xylene as the solvent. It is 
important that the flask be scrupulously 
clean, for if it shows any white deposits 
(such as might be caused from attack by 
alkalies during previous use), the per- 
centage of water may be erroneously Mgh 
due to a slight decomposition of the ter- 
pene alcohols in the pine oil. 

Total Terpene Alcohols® 

10. {a) Apparatus . — ^The apparatus 

shall consist of the following: 

(1) Flask. — A round-bottom, short- 
neck, flask of 250-ml. capacity. 

(2) Water Trap . — ^A specially con- 
structed glass moisture trap, with 
dimensions as shown in Fig. 1, with or 
without stopcock. While not pre- 
ferred, a Dean and Stark (Barrett 
type) moisture trap, 20-ml. capacity, 
may also be used. 

* Pyrex or Kimble glass is satisfactory for this purpose. 
5 This method of test consists of measuring the water 
evolved during the catalytic decomposition of the ter- 
pene alcohols. 
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(3) Condenser. — A straight tube, 
water-jacketed glass condenser with 
inside diameter of 10 mm., and a jacket 
length of 300 mm. 

Note. — It is preferable to have all joints of 
the flask, moisture trap, and condenser of the 
interchangeable ground-glass type, with stand- 
ard 24/40 taper. 



(4) Mercury Reservoir.- — leveling 
bulb or globe-shaped separatory fun- 
nel, connected to the bottom of the 
moisture trap with a tightly fitting 
medium-heavy rubber tube about 24 
in. in length. The reservoir rests in a 
movable ring clamp sliding on a verti- 
cal rod. 

(5) Beat Source. — K gas burner or 
an electric heater having suitable heat 
control. 


{6) Support for Flask. — Preferably a 
transite or hard asbestos board with a 
2|-in. opening in the center, resting on 
a ring support. A piece of wire gauze 
may also be used. 

(6) Reagents: 

(1) Kontak Clay {Silica Gel) or 
finely ground Fuller’s earth. 

{2) Syrupy Phosphoric Acid (c.p. 85 
per cent). 

(3) Dry Dipentene, Xylene, or Pe- 
troleum Hydrocarbon Solvent of similar 
boiling range, such as mineral spirits, 
(c) Procedure. — ^Weigh 0.1 g. of Kon- 
tak clay or Fuller’s earth and brush it 
into the 250-ml. round-bottom flask, 
adding a few glass beads. Tare the flask 
to the nearest 0.1 g. on a triple beam side 
arm balance, and pipette 100 ± 0.25 g. 
of the sample into the flask, taking 
care to avoid dropping any on the neck or 
outside of the flask. (Should this occur, 
wipe dry with a cloth moistened with the 
dipentene or other solvent). From a 
1-ml. graduated pipette add 0.3 ml. of 
phosphoric acid to the flask. Apply a 
thin film of stopcock lubricant to all 
ground-glass taper joints, and connect 
the apparatus. Raise the mercury into 
the graduated leg of the moisture trap, 
about 1 in. below the level of the side 
tube, and fasten the ring support of the 
reservoir to hold it there. Insert a snug- 
fitting burette-cleaning brush with long 
wire handle into the top of the condenser, 
allowing the brush to remain near the 
top of the condenser but so that it can 
be lowered at will down to where the con- 
densation of the distillate takes place. 
Apply heat gently at first until the reac- 
tion gets under way. As the distillation 
proceeds, and water and dipentene collect 
in the trap, gradually lower the mercury 
level in the graduated leg of the trap. 
Bring down the droplets of water which 
adhere to the walls of the condenser by 
adding a few drops of|dry solvent at the 
top of the condenser (enough to wet the 
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brush) and then moving the brush up 
and down at the lower end of the con- 
denser. When the reaction appears to 
have slowed down, as indicated by a slow 
increase in the volume of trapped water, 
raise the mercury slowly to return the 
supernatant liquid to the flask, retaining 
the water in the trap. Then lower 
the mercury level to lower the water in 
the trap and continue the distillation. 
This raising and lowering of the mercury 
and the water layer above it, to return 
the lighter oily portion of the distillate 
from the trap back into the flask, shall be 
repeated several times, until it is appar- 
ent, from no further increase in the vol- 
ume of water, that the reaction is com- 
plete. The condenser tube shall be 


entirely free from water droplets at the 
end of the test. 

(d) Calculation . — From the volume of 
water collected in the trap deduct the 
amount of moisture contained in the 
sample, and calculate the percentage of 
total alcohols as follows: 

Total alcohols, per cent = ml. of H 2 O X 8.56 
where: 

8.56 = grams of terpene alcohol equiva- 
lent to 1 g. of H 2 O (Note). 

Note. — If desired, the moisture may be de- 
termined on the total alcohol sample (without 
addition of a solvent as specified in Section 9), 
before the addition of the dehydrating agents, 
using a scrupulously clean flask and the trap 
shown in Fig. 1. 


Tentative Methods of 

TESTING TALL OIL' 



A.S.T.M. Designation; D 803 - 44 T 

ISStTED, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These methods cover the test pro- 
cedures to be applied to whole tall oils or 
refined tall oils. 

Sampling 

2. Note. — Methods of sampling will be sup- 
plied later. Standard Methods of Sampling 
Petroleum and Petroleum Products (A.S.T.M. 
Designation: D 270)® and the Methods of Sam- 
pling Oils and Fats of the American Oil Chemists 
'Society are being studied by the committee. 
Some of these procedures will probably be pro- 
posed for sampling tall oil. 

Conditioning 

3. Heat the entire sample^ in a closed 
container fitted with a capillary vent or 
its equivalent. Heat by immersion in an 
open steam or boiling water bath to avoid 
over heating. Withdraw the specimens 
only when all crystalline matter has dis- 
solved and when the entire sample be- 
comes a homogeneous fluid after thor- 
ough stirring. 


1 Under the standardization procedure of the Society, 
these methods are under the jurisdiction of the A.S.T.M. 
Committee D-17 on Naval Stores. 

2 Accepted by the Society at annual meeting, June, 
1944. 

> 1944 Book of A.S.T.M. Standards, Part III. 

^ Some kind of agitation, even if done occasionally by 
hand, saves much time. 


PHYSICAL TESTS 
Viscosity 

Procedure 

4. Determine the viscosity in accord- 
ance with the Standard Method of Test 
for Viscosity by Means of the Saybolt 
Viscosimeter (A.S.T.M. Designation: 
D 88),® except that the temperature of 
testing shall be 210 F. unless a lower tem- 
perature is specified but in no case may a 
temperature of less than 180 F, be used. 

Pour Point 

Procedure 

5. Determine the pour point in accord- 
ance with Section 6 (b) of the Standard 
Method of Test for Cloud and Pour 
Points (A.S.T.M. Designation: D 97),® 
reporting only the lower pour point.® 

Flash and Fire Points 

Procedure 

6. Determine the flash and fire points 
in accordance with the Standard Method 

® Appears in this publiratio|!. see Contents in Numeric 
Sequence of A.S.T.M. Designa.ions at front of book. 

» The upper pour point i.s not reproducible owing to 
the tendency of tall oil to crystallize. 
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of Test for Flash and Fire Points by- 
Means of Open Cup (A.S.T.M. Designa- 
tion: D 92).® 

Colors 

Reagent 

7. Benzene, c.p. 

Apparatus 

8. The apparatus shall consist of the 
following: 

{a) Light Source. — K light source of a 
100 w. frosted Mazda daylight lamp. 

{h) Magnesia Bloch, — K magnesia 

block with dimensions of 1 by 2f by 3f in. 

{c) Tintometer . — An enclosed Wesson 
type K60B tintometer consisting of a 
lightproof box with dull black interior 
containing the 100 w. frosted Mazda day- 
light lamp, the block of magnesia with 
white reflecting surface set at a proper 
angle to reflect the light vertically up- 
ward through the tube containing the 
sample of oil and through the standard 
color glasses alongside the tube of oil, and 
receptacles for holding the tube of oil 
and the color glasses. An eyepiece with 
dull black interior finish fits over the oil 
tube and color glasses so that the light 
passing through both may be observed 
simultaneously. 

(d) Lovibond Color Glasses.—Red and 
yellow color glasses, of suitable numbers 
to match the color of the oils to be ex- 
amined. Red glasses shall be standard- 
ized by the National Bureau of Standards. 
Use the correct color value regard- 
less of the numerical value shown on the 
glasses. The minimum standard set 
shall consist of the following numbers of 
red and yellow glasses: 

fo.l 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Red b-O 2.0 2.5 3.0 3.5 4.0 5,0 6.0 7.0 

[7.6 8.0 9.0 10,0 11.0 12.0 16.0 20,0 

Yellow 1.0 2.0 3.0 5?S 10.0 15,0 20,0 35.0 50.0 70 


(e) Color Tubes . — Color tubes having 
a flat, smooth polished bottom of clear, 
colorless glass and of the following dimen- 
sions: 154 mm. in over-all length, 19 mm. 
in inside diameter, 22 imn. in outside 
diameter, and marked to indicate an oil 
column of 67 mm.^ 

Procedure 

9. {a) Fill a tube with the oil to be 
examined to a depth of 67 mm. This 
depth is equal to one half the standard 
column used in oil testing, and is desig- 
nated half column. Oil shall be at a 
temperature of 20 to 24 C. and shall be 
clear and transparent. Filter through a 
hea-vy-grade, close-texture, filter paper, if 
necessary to remove turbidity to permit 
matching the color (in such cases note on 
the report that filtering was necessary). 
If, however, the tall oil under examina- 
tion is not completely liquid at 24 C., 
heat slowly with agitation until com- 
pletely liquefied. Cool the liquefied taU 
oil to 24 C. and read the color before the 
sample has recrystallized (Note). In- 
sert the tube containing the tall oil in 
the tintometer housing and place beside 
it a tube filled to the 67-mm. mark with 
distilled water. Place Lovibond red and 
yellow color glasses over the tube con- 
taining the distilled water until a match 
is obtained, observing the color of the oil 
and glasses through the eyepiece. 

{b) In matching the color use the least 
possible number of glasses to obtain the 
color match. When matching the color 
of very light colored taU oils it may be 
necessary to place three neutral or clear 
glasses over the tube containing the oil to 
get a balanced field. Where the color is 
too dark to read, dilute the tall oil to 5 
per cent by weight in benzene® and deter- 
mine its Lovibond color, 

® This is the standard American Oil Chemist’s Society 
color tube with an additional line marked as specified and 
fc idontiral with the Standard Color Tube of the American 
Oil Chemists’ Society. 

» Other solvents may not be used. 


Also neutral or colorless glasses. 

,J . _ ; 

’■ Adopted from the official methods of the American 
Oil Chemists’ Society, 
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Report 

10. Report the color as follows; 

(1) For Half Column of Tall Oil: 

Lovibond Half- Column Color. /Red 

\Yellow 

(2) For Half Column of 5 per cent 
Solution of Tall Oil in Benzene: 

Lovibond Half-Column Color 5 per TRed 
cent Solution in Benzene \Yellow 

Note. — If the sample recrystallizes before a 
color reading can be obtained, remove the 
crystals by filtration through a Buchner funnel 
and determine the color of the filtrate. 



F and G are interchangeable joints, standard taper 24/40. 

Fig. 1.— Assembly! of Apparatus for Moisture 
Test. 


Moisture 

Apparatus 

11. The apparatus as shown in Fig. 1 
shall Consist of the following: 

. (a);. Flask. —A. -5007mL ^or. :a 1-lit^r 
short-neck, round-bottom, glass flask, 


depending upon the weight of the sample 
used. 

(b) Oil Bath. — An oil bath which does 
not smoke excessively below 160 C. 
(Note). 

(c) Condenser. — A reflux condenser 
connected to the flask and discharging 
into a trap. 

{d) Trap. — k trap made of well- 
annealed glass constructed in accordance 
with Fig. 1 and graduated as shown to 
contain 5 ml. at 20 C. shall be used. It 
shall be subdivided into 0.1-ml. divisions, 
with each 1-ml. line numbered (5 ml. at 
top). The error in any indicated ca- 
pacity may not be greater than 0.05 ml. 

Note. — An oil bath is required because the 
radiant heat of electric heaters and most gas 
flames causes sufficient cracking to form appre- 
ciable quantities of water especially where im- 
purities such as black liquor, soaps, lignin, or 
other xylene insoluble matter is present. 

Reagent 

12. Xylene, c.p. 

Procedure 

13. For tall oils containing up to 1.0 
per cent moisture use 500 dr 2 g. of the 
sample. For tall oil containing 1 per 
cent or more of moisture use 150 ± 1 g. 
of the sample. Weigh the tall oil into 
the flask and add either 200 ml. of xylene 
for the 500-g. sample or 100 ml. of xylene 
for the 150-g. sample. Attach the flask 
to the trap which is connected to the 
condenser. Prior to starting the deter- 
mination, fill the receiver with xylene by 
pouring in through the reflux condenser. 
So that the refluxing will be under better 
control, wrap the flask and tube leading 
to the receiver with asbestos cloth. Heat 
the oil bath with’ a gas burner or other 
source of heat and distill slowly. The 
rate at the start shall be approximately 
100 drops per minutec. When the greater 
part of the water has distilled, increase 
the distillation rate* to 200 drops per 
minute until no more water is collected. 
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Purge the reflux condenser during the 
distillation with 5-nil. portions of xylene 
to wash down any moisture adhering to 
the walls of the condenser. The water in 
the receiver may be made to separate 
from the xylene by using a spiral copper 
wire. Move the wire up and down in 
the condenser occasionally, thus causing 
the water to settle to the bottom of the 
receiver. Reflux for at least 2 hr. and 
shut ojff the heat at the end of this period. 
Adjust the temperature of the distillate 
to 20 C. Read the volume of water. 

Calculation 

14. Calculate the percentage of mois- 
ture from the following formula (Note) : 

V 

Moisture, per cent = — X 100 
W 

where: 

V = volume of water in milliliters at 
20 C., and 

W = weight of sample in grams. 

Note. — E xpress the results by two digits, 
for example: 0.31, 1.0, or 3,1 per cent. 

Ash 

Apparatus 

15. Plalinum Dish . — A platinum dish 
of 50 to 100-ml, capacity (Note). 

Note. — A porcelain or silica dish may be 
used in place of platinum, if the ash is not to be 
analyzed. 

Procedure 

16. Heat the platinum dish to redness 
and, after cooling in a desiccator, weigh 
to the nearest 0.0001 g. Place an ap- 
proximately 20-g. sample of tall oil in the 
dish and weigh to the nearest 0.1 g. 
(Note 1). Heat the dish gently by 
means of a bunsen burner until the oil 
can be ignited at tdie surface (Note 2). 
Remove the burnep and allow the oil to 
burn completely. . I Burn all fr^e ‘ carbon 
on the sides of the dish and heat the resi- 
due with a strong flame, or in a muffle 


furnace, until all carbonaceous matter 
disappears. After cooling in a desiccator 
weigh the dish to the nearest 0.0001 g. 
Repeat the heating until a constant 
weight is obtained. 

Note 1. — ^This size is suitable for ash con- 
tents in the range of 0.02 to 0.2 per cent; but 
in the case of lower or higher ash contents, a 
larger or smaller sample may be used. In such 
cases the result shall be specified or reported as 
follows: “Ash (. . . g. sample) . . . per cent.” 

Note 2. — ^To avoid foaming and loss of sam- 
ple in the case of samples containing moisture, 
it is advisable to add 1 to 2 ml. of absolute alco- 
hol before heating. 

Calculation 

17. Calculate the percentage of ash 
from the following formula (Note) : 

Ash, per cent = X 100 
W 

where: 

R = weight of residue in grams, and 
W — weight of sample in grams, dry 
basis. 

Note. — ^Express the results in two digits. 
CHEMICAL ANALYSIS 
Acid Number 

Reagents 

18. {a) Sodium Hydroxide Solution 
{0,5 M ). — Standardize to plus or minus 
0.001 M. 

{b) Methyl Synthetic grade.^° 

(c) Thymol Blue Solution . — Dissolve 
0.1 g. of thymol blue in 20 ml. of hot 
methanol and dilute to 100 ml. with dis- 
tilled 'water. 

Procedure 

19. In a 250-ml. Erlenmeyer flask^’^ of 

10 The pure mefthanol, 99.5 per cent, sold commercially 
by most leading producers of methanol is satisfactory. 
Ethyl alcohol (formula 3 A or 30) may be used. 

n The flasks should be either new or cleaned- by- rinsing 
with a hot solution of hydrofluoric acid (2 to 3 per cent). 
This removes from the flasks the adhering partially dis- 
inte^afedrsilicates.which.would interfere' with .the de- 
termination. This treatment of flasks is not as important 
for determination of acid number ay for determination of 
saponification number; however, it should be a good 
precautionary measure. , . 
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heat-resistant glass/^ dissolve 3.95 to 
4.05 g. of the sample^® of tall oil in 100 ml. 
of methyl alcohol. Twirl the flask to dis- 
solve the sample, using slight heat if nec- 
essary. Titrate with standard 0.5 M 
sodium hydroxide solution using 1 ml, 
of thymol blue solution as an indicator. 
The end point is a distinct blue (Note). 

Note. — For dark-colored tall oil the blue 
color will not be distinct. The end point is 
taken as the first permanent distinct darkening 
of the mixture . The end point can be seen more 
clearly if the titr;ation is stopped just short of 
the end point and a few drops of thymol blue 
solution allowed to run down the side of the 
flask following each addition of 0.1 mb of stand- 
ardized NaOH solution. 

Calculation 

20. Calculate the acid number, ex- 
pressed in milligrams of KOH per gram, 
from the following formula: 


(c) Thymol Blue Solution. — Dissolve 
0.1 g. of thymol blue in 20 ml. of hot 
methanol and dilute to 100 ml. with dis- 
tilled water. 

Procedure 

22. (a) Weigh 2.95 to 3.05 g. of the 
sample^* of tall oil into a 250-mL Erlen- 
meyer flask“ of heat-resistant glass, ^2 
preferably with ground-glass standard 
34/45 taper joint. Add 50,0 ml. of alco- 
holic potassium hydroxide, Connect the 
flask to a water condenser. Place the 
flask in a water bath and allow the solu- 
tion to reflux for 0.5 hr. Cool and with- 
out washing down the condenser titrate 
immediately with 0.25 M sulfuric acid 
using 1 ml. of thymol blue as indicator. 

{h) Conduct two or three blank deter- 
minations using 50.0 ml. of 0.5 M alco- 
holic KOH. 


Acid number 


AX M X 56.1 
W 


where: 

A =s= milliliters of NaOH solution, 

M = molar concentration or normality 
of the NaOH solution, and 
W — weight of sample in grams, dry 
basis. 

. Saponification Number 
Reagents 

21. (a) Alcoholic Potassium Hy- 
droxide Solution {0.5 M). — Dissolve 33.0 
g. of pure potassium hydroxide pellets or 
sticks (85 per cent KOH) in methanoP^ 
and dilute to 1 hter in a volumetric flask. 
The solution must be clear. If it con- 
tains insoluble matter, it shall be eitlier 
decanted after settling over night or 
Altered. 

{h) Stdfuric Acid Solution {0.25 M ). — 
Standardize to plus or minus OiOOl iif. 

i? Pyrex or Kimble glass is very satisfactory for this 
purpose. 

w It is desirable to stay within rather narrow limits as 
to size of sample, in order not to introduce too large varia- 
tions in the relative concentrations of tall oil, alcohol, 
and alkali solutions. 

“ Ethyl alcohol (formula 3A or 30) may be used. 


Calculation 

23. Calculate the saponification num- 
ber, expressed as milligrams of KOH per 
gram, from the following formula: 

^ .. , (5- 5) XiVX 56.1 

Saponification number — 

W 

where: 

B — milliliters of H 2 SO 4 for titration of 
blank, 

S = milliliters of H 2 SO 4 for titration of 
sample, 

N — normality of the H 2 SO 4 solution, 
and 

W = weight of sample in grams, dry 
basis. 

Rosin Acids Number 
Modified Wolff Method 

Reagents 

24. {a) Methanol.-— Pmt methanol 
(99.5 per cent) soM commercially by 
most of the leading producers of 
methanol. 

{b) Methyl Sulfiuric Acid Solution . — 
Slowly pour 100 g. of sulfuric acid (sp. gr. 
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1.82 to 1.84), while stirring constantly, 
into 400 g. of methanol (99.5 per cent). 
Preserve in a glass-stoppered bottle. 

(c) Potassium Hydroxide in Methanol. 
— ^Dissolve 33 g. of potassium hydroxide, 
preferably in the pellet form, in 1 liter of 
methanol (99.5 per cent) to form an ap- 
proximately half normal solution.!^ Po- 
tassium acid phthalate is preferable for 
standardizing the solution; thus 2.553 g. 
of C 6 H 4 COOKCOOH will be neutralized 
by 25.00 ml. of 0.5000 M KOH. 

{d) Thymol Blue Solution . — Dissolve 
0.10 g. of thymol blue in 100 ml. of 
methanol. 

Procedure 

25, Weigh 4 to 5 g. of the tall oil sam- 
ple in a tared 250-ml. conical flask on a 
scale having a sensitivity of 0.01 g. Add 
150 ml. of methanol, and twirl the flask to 
dissolve the oil. Add 5 ml. of the methyl 
sulfuric acid solution and boil the entire 
mixture for 2 min. under a reflux con- 
denser. When the contents have cooled, 
add 1 ml. of the thymol blue solution and 
titrate with the methanol solution of po- 
tassium hydroxide. Continue this titra- 
tion until the thymol blue turns from red 
to yellow (about pH of 3) ; note the read- 
ing and then refill the burette if neces- 
sary, Continue the titration with the 
potassium hydroxide until the thymol 
blue turns from yellow to blue (about pH 
of 9). The milliliters of 0.5 M KOH con- 
sumed between the two end points are 
ec[uivalent to the rosin acids present. 

Calculation 

26, Calculate the rosin acids number 
(Note) from the following formula: 

^ , , AXMX 56.1 

Rosin acids number 

W 

where: 

A = milliliters ot^ KOH consumed be- 
tween the two ends points, 


M — molar concentration or normality 
of KOH solution, and 
W = weight, of sample in grams, dry 
basis. 

Note. — ^The rosin acids number is convenient 
for calculations and corresponds to an acid 
number in that it expresses the milligrams of 
KOH consumed by the neutralization of the 
rosin acids in 1 g. of the sample. 

Alternate McNicoll Method^^ 

Apparatus 

27. The apparatus shall consist of the 
following: 

(a) Esterification Flask. — A 250-ml. 
wide neck flask, standard 34/45 taper, of 
the Erlemneyer type. 

(b) Reflux Condenser . — Any suitable 
water-cooled, glass reflux condenser, 

{c) Titration Stage. — A specially con- 
structed case, with an Eastman color 
filter, consisting of a Wratten “C” No. 
52, mounted in B glass, 3 in. square, pro- 
tected on both sides by a Corning 3| in. 
square polished glass, 2 mm. in thickness, 
medium shade, AKLO 397. This com- 
bination of glasses is seated in a cut-out 
section in the center of the top of the 
case. The interior shall be illuminated 
by electric lamps, in each end of the case, 
concealed from the view of the analyst. 
The light shall be reflected from a white 
opaque glass plate, placed in the bottom 
of the case. The dimensions of the case 
shall be: top and bottom 14 by 6 in.; 
sides, 14 by 5 in. ; ends, 6 by 5 in. 

Reagents 

28. (a) Potassium Hydroxide {0.2 N). 
— Standardize a 0.2 N solution of KOH 
in 99.5 per cent methyl alcohol. Due to 
the volatility of alcohol, this solution 
should be standardized frequently. 

(&) Thymol Blue Solution. — Dissolve 
0.1 g. of th 3 miol blue in 100 ml. of meth- 
anol. 

IS Modified from the Standard Methods of Sampling 
and Chemical Analysis of Soaps and Soap Products 
(A.S.T.M. Designation; D 460), see 1944 Book of A.S.T.M. 
Standards, Part III. 
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(c) N aphthalene-^-SulJonic Solution. 
— ^Dissolve 20 g. of Eastman grade or the 
equivalent in 1 liter of c.p. absolute (or 
99,5 per cent) methyl alcohol. 

Procedure 

29. (a) Esterification . — ^Weigh out 
about 2 db 0.1 g. of tall oil into the esteri- 
fication flask. Add 25 ml. of naphtha- 
lene-|S-sulfonic acid solution. Add a few 
glass beads to insure smooth boiling, 
attach the reflux condenser, and boil 
gently for 30 min. Run a blank using 
25 ml. of the reagent alone. At the end 
of the boiling period remove the flask 
and cool. 

( 6 ) Titration . — Add 1 ml. of thymol 
blue indicator and titrate with 0.2 N 
alcoholic KOH. Titrate with the base of 
the flask resting on the color filter plate, 
and observe vertically. As the test solu- 
tion darkens on approaching the end 
point (pH of 9.6), add the standard solu- 
tion one drop at a time, observing 
whether or not a dark blue cloud forms at 
the surface where the drop comes in con- 
tact with the test solution. The end 
point is that at which the addition of one 
more drop of standard alkali solution 
causes no visible cloud or darkening at 
the instant and point where it fails into 
the solution, and produces no streaks as 
it disperses. 

Calculation 

30. The rosin acids number of tall oil 
when determined b}^ the modified Mc- 
Nicoll method shall be calculated as 
follows: 

(r - 5) X 1/ X 56.1 ^ 

Ki = — — 1 

It 

where: 

Ri — rosin acids number, corrected 
(Note), 

T = milliliters of KOH required to 
titrate sample, 


B = milliliters of KOH required to 
titrate blank, 

M = molar concentration or normality . 

of KOH solution, and 
W — weight of sample, in grams, dry 
basis. 

Note. — Cooperative studies on rosin in 
soaps have indicated that the McNicoll method 
gives results approximately 1 per cent higher 
than those obtained by other methods for rosin 
content of soap. The committee therefore 
recommends tentatively that in reporting the 
rosin acid number of tall oil the results by the 
McNicoll method be corrected by subtracting 
1 from the recorded or calculated figure. 

Rosin Acids 

Procedure 

31. The percentage of rosin acids in 
the tall oil shall be calculated as abietic 
acid as follows: 

Rosin acids, per cent 

302 

= Rosin acids number X — 
561 

where: 

302 = molecular weight of abietic acid. 

Qualitative Test tor Rosin 
Procedure 

32. In any case where the rosin acid 
content is found to be less than 5 per 
cent, the actual presence of rosin should 
be checked qualitatively by the Lieber- 
mann-Storch test, as follows: Transfer 
about 2 ml. of the tall oil to a test tube, 
add 5 ml. of reagent grade acetic anhy- 
dride, and dissolve by warming on a 
steam bath or by other gentle heating. 
Cool and pour about one half the solution 
into a small white porcelain evaporating 
dish. Allow one drop of H 2 SO 4 (sp. gr. 
1.53) to run down the side of the dish. 
To prepare this special sulfuric acid, 
dilute 34.7 ml. of ccacentrated acid (sp, 
gr. 1.84) with 35.7 ml. of distilled water. 

If rosin acids are present a bright but 
fugitive violet coloration appears where 
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the liquids come into contact, which 
changes rapidly to a brownish tinge. It 
is advisable to make a check test with a 
sample of fatty acid to which a small 
quantity of rosin or rosin acid has been 
added. 

Unsaponieiable Matter (Sterols, 
Higher Alcohols), etc.^® 

Reagents 

33. (a) 2.0 M Potassium Hydroxide 
in Methanol {99.5 per cent). 

(6) Diethyl Ether. 

Procedure 

34. Weigh 5.00 g. of the tall oil in a 
small Erlenmeyer flask, add 12 to 15 ml. 
of the potassium hydroxide solution, and 
reflux for 1.5 hr. ‘ Transfer the contents' 
of the flask to a separatory funnel with 
the aid of about 50 ml. of water, and ex- 

w This method is taken from Wilkie’s “Estimation 
of Unsaponifiable Matter in Oils, Fats, and Waxes,” 
Analyst, Vol. 42, p. 200 (1917). Also described in Allen’s 
Commercial Organic Analysis, Part 11, Vol. 90 (Sth edi- 
tion). 


tract with ether, using successive por- 
tions of 40, 30, 30, and 30 ml. Collect 
the ether extracts in a separatory funnel 
containing 20 ml. of water. Run off the 
water without shaking the funnel. Then 
wash the ether solution by shaking it 
vigorously with 2, 5, and 30 ml. of water. 
Transfer the solution to a small tared 
beaker, evaporate, and dry at 100 to 
105 C. to constant weight. Calculate 
the percentage of unsaponifiable matter 
(sterols, higher alcohols, etc.), using the 
weight of sample corrected to the dry 
basis. 

Fatty Acids 

Procedure 

35. Calculate the fatty acids content 
of the tall oil as follows: 

Fatty acids, per cent = 100 — {R U ) 
where: 

R — percentage of rosin acids, and 
U — percentage of unsaponifiable 
matter. 


Tentative Definitions of 
TERMS RELATING TO TALL OIL' 



A.S.T.M. Designation : D 804 ~ 44 T 
Issued, 1944.2 

This Tentative Standard of tlie American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 

Many definitions have been proposed from time to time for tall oil and 
associated materials. Great care is desirable in devising tali oil definitions 
that might become established. Any categories for tall oil should be accept- 
able to all tall oil producers and consumers. 

Aside from the academic, need for suitable definitions, the problem has 
commercial importance. A confused technology impairs sales and invites 
unfair trade practices. It has also resulted in unfair freight rates. 

It should not be difficult to devise, clear definitions for the principal tall oil 
materials. There is some question as to the value of a detailed classification 
of tali oil products not yet in commerce. 

Definitions should avoid so far as possible any specifications or "grade 
labeling.” Thus tall oil is now being offered as crude tall oil, refined tall oil, 
and semirefined tall oil. Rather than attempt to define these materials, it 
seems desirable to define only tall oil and provide separately a series of specifi- 
cations for the various qualities. 

The following definitions should prove acceptable from this point of view. 


Rosin Acids. — ^The organic acids in tall oil 
that respond to the Liebermann-Storch 
test for rosin and that remain unesterified 
after the application of the Wolff method 
or similar esterification procedures. The 
molecular weight of these acids shall be 
considered to be 302. 

SMtnmings, — ^The curd, not acidified or 
otherwise processed, skimmed from the 
black liquor of the alkaline paper pulp 
industry. 

Tall Oil. — ^The natural mixture of rosin 
acids related to abietic acid, and of fatty 
acids related to oleic acid, together with 
nonacidic bodies, which is the product of 
the acidification of the skimmings from 
the black liquor of the alkaline paper pulp 
industry. 


» Under the standardization, procedure of the Society, 
these definitions are under the jurisdiction of the A.S.T.Sl. 
Committee D-17 on Naval Stores, 


s Accepted by the Society 
1944. 


at annual meeting, June, 


Tall Oil Abietic Acid. — ^The crystalline or 
solid product separated by crystallization 
from tall oil consisting principally of rosin 
adds. 

Tall Oil Pitch. — ^The undistilled residue 
from the distillation of tall oil. 

Tall Oil Soap. — The product formed by 
the saponification or neutralization of tall 
oil with organic or inorganic bases. 

Explanatory Note 
Note. — The following designations for tall oil 
shall be considered obsolete; 

Crude resinous liquid Sulfate rosin 
Finn oil Swedish pine oil 

Lignin liquor ^ Swedish resin 
Liquid resin Swedish rosin 

Liquid rosin I Swedish resin oil 

Pine wood pitch ^ Swedish rosin oil 
Resin oil Sylvie oil 

Sulfate pitch Talloel 

Sulfate resin Tallol 
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Tentative Specifications for 
ISOPROPYL ALCOHOL* 



A.S.T.M. Designation: D 770 - 44 T 
Issued, 1944.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover isopropyl 
alcohol (99 per cent grade). 

Properties 

2. Isopropyl alcohol (99 per cent 
grade) shall conform to the following re- 
quirenients: 

Specific gravity, 20/20 C — 0.785 to 0.790 

Color water white 

Distillation range not greater tlian 1.5 C. and 

this range shall include 
82.3 C. 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

2 Accepted by the Society at annual meeting, June, 
1944. 


Nonvolatile matter. 

Odor 

Water 


Acidity 

Hydrocarbons. 


.not more than 0.005 g. per 
100 ml. 

.mild, nonresidual 
.miscible without turbidity 
with 19 volumes of 60° 
A.P.I. gasoline at 20 C. 
.not more than 0.02 mg. of 
KOH per gram of sample, 
.miscible without turbidity 
with 10 volumes of distilled 
water at 20 C. 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these speci- 
fications determmed ill accordance with 
the Standard Methods of Sampling and 
Testing Lacquer Solvents and Diluents 
(A.S.T.M. Designation: D 268).’^ 

’ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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Tentative Specifications for 
METHYL ETHYL KETONE^ 



A.S.T.M. Designation: D 740-43 T 

Issued, 1943.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. These specifications cover methyl 
ethyl ketone. 

Properties 

2. Methyl ethyl ketone shall conform 
to the following requirements: 

Purity as agreed upon by the seller and 

the purchaser 

Specific gravity, 20/20 C. 0.805 to 0.807 

Color water white 

Distillation range: 

Below 78 C none 

Above 81 C none 

Nonvolatile matter not more than 0 .005 g. per 100 ml. 

Odor characteristic, nonresidual 

Water miscible without turbidity with 

19 volumes of 60° A.P.I. gaso- 

line at 20 C. 

Acidity (free acid as 

acetic acid) not more than 0.003 per cent by 

weight, equivalent to 0.028 mg. 
of KOH per gram of sample. 


Methods of Testing 

3. The material shall be sampled and 
the properties enumerated in these 
specifications determined in accordance 
with the Standard Methods of Sampling 
and Testing Lacquer Solvents and Dilu- 
ents (A.S.T.M. Designation; D 268).® 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and Re- 
lated Products. 

’ Accepted by Committee E-10 on Standards, August 
30, 1943. 

’ Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 



Tentative Method of Test for 
WATER IN LACQUER SOLVENTS AND DILUENTS^ 



A.S.T.M. Designation; D 268 - 44 T 

Issued, 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. (a) This method of test covers the 
procedure for the determination of water 
present in any proportion in most organic 
liquids, such as lacquer solvents and 
diluents.® 

(6) Carbonyl compounds and primaiyq 
secondary, and certain tertiary amines 
react slowly with the reagents causing a 
fading end point and consequently er- 
ratic results. This procedure has been 
modified to include such compounds and 
to eliminate these undesirable side 
reactions. 

Principle of Test 

2. (a) In the presence of water, iodine 
and sulfur dioxide react as follows: 


(6) The iodine and sulfur dioxide are 
dissolved in anhydrous methanol to 
which is added sufficient pyridine to neu- 
tralize the HI and SO3 formed by the 
following reaction: 

2HI -h SO 3 -}- \ 



I 2 + SO 2 -1- H 2 O 2HI -1- SO 3 


I Under the .standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D-1 on Paint, Varnish, Lacquer, and Related Prod- 

‘ This method is in efiPect a tentative revision of and, 
when adopted, is intended to be added to the Standard 
Methods of Sampling and Testing Lacquer Solvents and 
Diluents (A.S.T.M. Designation: D 268 - 44). which ap- 
pears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. De.'^gnations at front of book. 

“ This procedure has been adapted from the method of 
Karl Fischer published in Angewandte Chemie, Vol.48, pp.' 
394-396 (1935) ; Chemical Abstracts, Vol. 29, No. 6532 (1935), 
and from- further ob.servltions by Smith, Bryant, arid 
Mitchell published in the Journal, Am Chemical Soc., Vol. 
61, p. 2407 (1939). 


(c) When a solution containing water 
is titrated with the reagent the color 
fades instantaneously until all the water 
is consumed. The persistence of the 
brown iodine color indicates the end 
point of the reaction. 

Reagents 

3. Iodine - Sulfur Dioxide . — Prepare 
the iodine - sulfur dioxide as follows by 
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dissolving the listed materials in the 
order shown: 

Methanol; substantially dry SI. 

Iodine 254 g. 

Pyridine, dry, freshly distilled 790 g. 

Sulfur dioxide, dried by passing through 

H 2 S 04 (sp. gr. 1.84). 192 g. 

Note. — ^The reagent rapidly loses strength 
when exposed to the air and it is best preserved 
and used in an automatic burette.'^ All vents 
open to the air must have protective calcium 
chloride tubes. Much of the accuracy of the 
method is lost if an ordinary burette is used 
without special precautions. 

Standardization of Reagent 

4. (a) Place 10 to 15 ml. of substantially 
dry methanol in a 125-ml. glass-stop- 
pered Erlenmeyer flask which has been 
carefully dried. Titrate the alcohol 
with the reagent until the brown color 
of the iodine persists. Shake the con- 
tents of the flask vigorously near the end 
of the titration and continue titrating 
until the color change is permanent. 
Keep the flask stoppered as much as 
possible as there is sufficient moisture 
in the air to fade the end point (Note). 

Note. — During the titration the solution 
turns yellow after the addition of the first few 
milliliters of the reagent. This color change 
must not be confused with the true end point. 
Although the yellow color deepens towards the 
end of the titration, the transition from yellow 
to brown is quite sharp and easily reproducible. 

(b) Weigh 0.05 to 0.08 g. of distilled 
water (about 2 to 4 drops) into the 
flask from a Gretheii or similar weighing 
pipette. Again titrate to the same 
brown end point. Make several check 
determinations. 

(c) Standardize the reagent daily to 
obtain the best results. Calculate the 
factor for the reagent in grams of water 
consumed by 100 ml of reagent as 
follows: 


* A type similar to model T9SS manufactured by the 
Scientific Glass and Apparatus Co., Bloomfield, N.J.,may 
be used. 


^ 1005 

where: 

A = water consumed in grams by 100 
ml. of reagent, 

B — water in grams used in stand- 
ardization, and 

C = milliliters of reagent required for 
titration. 

Sample 

5. (a) Use a portion of the sample 
such that the amount of water present 
corresponds to 40 to 45 ml. of the reagent. 
The amount of sample to be used can 
best be estimated by a previous knowl- 
edge of the approximate water content 
or by a preliminary trial. 

Note. — If absolutely dry materials were 
available for the preparation of the reagent the 
theoretical factor would be about 0.36. Actually, 
the factor is usually about 0.18 due to small 
quantities of water in the reagents. The follow- 
ing table gives a few typical examples of suitable 
samples to use for reagents having a factor of 
0.16 and 0.20. Such samples will give a titra- 
tion of 40 ml. 

Size of Sample, g. 

Water, per cent 0.16 Factor 0.20 Factor 

0.2 32.0 40.0 

1 6.4 8.0 

10 0.64 0.8 

50 0.13 0.16 

80 0.08 0.1 

100 0.06 0.08 

These amounts may be increased as much as 
20 per cent, giving a titration of 48 ml. or de- 
creased to a sample size convenient for pipetting 
or weighing. 

(b) Samples having a volume of more 
than 1 ml. may be measured volumetri- 
cally with an accurately calibrated 
pipette. Weigh all smaller samples. 

Procedure 

6. (a) Place 10 to 15 ml. of methanol 
in a 125-ml. glass-stofipered Erlenmeyer 
flask and titrate to a brown end point, 
observing the precautidas given in Section 
4. Add the sample and again titrate 
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with the reagent to the same brown end 
point. 

(5) When determining water in the 
presence of carbonyl compounds replace 
the methanol with 25 ml. of substantially 
dry, freshly distilled pyridine. 

(c) In the presence of amines, use 10 
to 15 ml. of reagent grade glacial acetic 
acid in place of the methanol. Use 50 
ml. of the acid if more than 10 ml. of 
sample is to be used. 


Calculation 

7. Calculate the percentage by weight 
of water present as follows: 


where: 

W = percentage by weight of water 
present, 

A — water in grams consumed by 100 
ml. of reagent, 

C = milliliters of reagent required for 
titration, and 

D = grams of sample used. 


Tentative Method of Test for 
DRY TO NO-PICK-UP TIME OF TRAFFIC PAINT* 



A.S.T.M. Designation: D 711 -43 T 
ISSTIED, 1943.* 

This Tentative Standard of the American Society for Testing Materials is, 
imder its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope Apparatus 

1. This method describes a laboratory 2. The apparatus as shown in Fig. 1 
test to determine the length of drying shall consist of a small, rubber-tired 



Fig. 1. — ^Weighted Wheel for Dry to No-Pick-Up Time Test of TrafiSc Paint, 


time after application for no-pick-up of 
traffic or pavement-marking paint by 
the tire of an automobile. 


_ 1 Uader the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 


2 Accepted by the Society at annual meeting, June, 


wheel with roller bearings, mounted on 
an axle so that it rotates freely. The 
axle shall be fitted with knob handles, 
and shall be equally weighted on each 
side. The total weight of the apparatus 
shall be 35 lb. The detailed dimensional 
requirements shall conform to those 
shown in Fig. 1. 
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Procedure 

3. (a) A test strip at least 3 in. in 
width of the paint to be tested shall be 
applied by a mechanical spreader, brush, 
or other suitable means to a clean plate 
glass panel at a wet film thickness of 
0.004 in. The time of application shall 
be recorded. The panel shall be allowed 
to dry in a horizontal position under the 
laboratory conditions specified (prefer- 
ably 25 C. and 50 to 60 per cent relative 
humidity). 


(b) At regular intervals, the weighted 
wheel shall be rolled over the paint 
film. The end point for dry to no-pick- 
up tune shall be noted when no paint 
adheres to the rubber tire of the test 
wheel when it is rolled over the paint 
film. As the end point is approached 
the weighted wheel shall be rolled over 
the paint film every 30 sec. The time 
elapsed between application of the paiut 
and the end point shall be recorded as 
the drying time for no pick-up of the 
traffic paint. 


Tentative Method of Test for 
LIGHT SENSITIVITY OF TRAFFIC PAINT* 

# 

A.S.T.M. Designation: D 712 -43 T 
Issued, 1943.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 


should be addressed to the Society, 

Scope 

1. This method of test is intended for 
determining the color change produced 
by sunlight on paint material intended 
for use as traffic or pavement-marking 
paint. 

Preparation of Test Panels 

2. (a) Preferred . — Two test films of 
the traffic paint to be tested and two 
films of a mutually agreed upon standard 
paint shall be prepared. The films shall 
be prepared on clean, smooth plate glass 
panels. The paint films shall be at 
least by 3 in. and of uniform and 
sufficient thickness to provide complete 
hiding. It is recommended that the 
films be applied by a Bradley or other 
suitable mechanical spreader. Follow- 
ing application, the films shall be dried 
for a period of 24 hr. under normal room 
conditions (approximately 25 C. and 
50 per cent relative humidity). 

Q}) Alternate . — ^Two test fdms of the 
traffic paint to be tested shall be applied 
to panels with a flat opaque diffusing 


I Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Conunittee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

* Accepted by the Society at annual meeting, June, 
1943. 


260 S. Broad St., Philadeipma 2, Pa. 

surface. The films shall be at least 
by 3 in. and of uniform and sufficient 
thickness to provide complete hiding. 
The films shall be applied and dried as 
described in Paragraph {a). 

Procedure 

3. (a) Preferred . — One test panel of 
the paint to be tested and of the mutually 
agreed upon standard paint prepared as 
described in Section 2 (a) shall be ex- 
posed without water spray for a period 
of 4 hr. at equal distances (15 or 18 in.) 
from an enclosed type carbon arc light 
conforming to the Tentative Recom- 
mended Practice for Characteristics of 
Standard Carbon Arc Accelerated 
Weathering Unit (A.S.T.M. Designa- 
tion: E 42) of the American Society for 
Testing Materials.® Immediately after 
completion of the exposure, each exposed 
film shall be compared for change in 
brightness or discoloration with the cor- 
responding duplicate unexposed film. 
The test paint shall not show greater 
loss in brightness nor greater discolora- 
tion than the standard. 

(6) Alternate . — One *bf the test panels 
prepared as described in Section 2 {b) 
«? 

* Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 
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shall be exposed without water spray 
for a period of 4 hr. at a distance of 15 
or 18 in. from an enclosed type carbon 
arc light conforming to the Tentative 
Recommended Practice E 42. The 
brightness of the test paint film before 


and after the exposure shall be measured 
by a suitable instrument, such as the 
Hunter multipurpose reflectometer.^ 


<This instrument is described in a paper by Richard 
S. Hunter, “A Multipurpose Photoelectric Reflectometer,” 
Journal of Research, Nat. Bureau Standards, Vol. 2S, No. 
5, November, 1940, p. S81. [Research Paper, RP1345.) 


Tentative Method of 

CONDUCTING ROAD SERVICE TESTS ON TRAFFIC PAINT^ 



A.S.T.M. Designation: D 713- 43 T 
Issued, 1943.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1 . This method of test is intended for 
determining the relative values of service 
of traffic or pavement-marking paints 
under actual road conditions. Samples 
of the paints being tested are compared 
under prescribed conditions and periodic 
observations are made as to the relative 
performance characteristics as a basis of 
comparison. 

Type of Location of Road Surface for 

Tests 

2. (a) The test area or areas shall be 
selected as being representative of the 
road surface upon which the paint actu- 
ally will be used. These surfaces may 
include portland-cement concrete, sheet 
asphalt, bituminous concrete, rock as- 
phalt, and bituminous surface treat- 
ment. 

{h) The location of test areas shall be 
such that the traffic shall flow uninter- 
ruptedly over the entire length of test 
area. Proximity of the test area to 


stop signals, or other traffic diversion or 
control devices shall be avoided. Test 
stripes shall be located in areas with 
normal pavement drainage and where 
they will not be shaded by high banks, 
trees, or buildings. 

(c) In order to accelerate the test, the 
traffic in vehicles per unit time over the 
test area shall be at least equal to aver- 
age traffic conditions. If desired, aver- 
age traffic counts may be taken during 
the tests. 

Conditions at Time of Application 

3. The air temperature at the time of 
application of the samples of paint shall 
be normal summer temperature, pref- 
erably not less than 60 nor more than 
90 F. To insure normal pavement test- 
ing conditions, the surface shall be free 
of moisture when the paints are applied; 
application between 10 a.m. and 3 p.m. 
is recommended. 

Consistency of Paint Samples 

4. (a) When road tests are to be 
made with samples forewhich no control 


curves, change of grade, intersections, 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

“ Accepted by the Society at annual meeting, June, 
1943. 


pamt has been specified or mutually 
agreed upon, these samples shall be 
applied as furnished unless the supplier 
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provides specific instructions for adjust- 
ing the consistency, in which case the 
supplier shall also furnish the thinners 
required by the instructions. 

(b) If comparison is to be made with 
a control paint, the consistency of the 
test sample shall not, unless otherwise 
mutually agreed upon, vary more than 
plus or minus 5 per cent from the con- 
sistency of the control paint as measured 
by a mutually agreeable method of test, 
preferably the Standard Method of Test 
for Consistency of Exterior House Paints 
and Enamel-Type Paints (A.S.T.M. 
Designation : D 562) of the American 
Society for Testing Materials.^ 

Method and Rate of Application 

5. (a) The paints shall be applied by 
brush, spray, or mechanical applicator, 
the specific method of application to be 
at the option of the testing agency. 
Particular care shall be taken in applica- 
tion by brush on bituminous surfaces 
so as not to cause premature bleeding 
of the bitumen through the paint film 
by excessive or vigorous use of the brush. 
It is recommended that the width of 
the test stripe be the same as applied 
in actual service except that it shall not 
be less than 4 in. in width. The stripes 
shall be applied either perpendicularly 
or diagonally to traffic (Note 1). The 
stripes shall be applied conveniently 
close together to facilitate observations. 

3 Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


(5) The rate of application shall be 
at the option of the testing agency. It 
is recommended, however, that on port- 
land-cement concrete the spreading rate 
shall be not less than 125 nor more than 250 
sq. ft. per gal. (Note 2). The spreading 
rate of the samples being tested shall 
be the same, except that a tolerance of 
plus or minus 5 per cent variation in 
spreading rate will be permissible. 

Note 1. — tests are conducted on a broomed 
concrete pavement, the stripes should be applied 
diagonally to traffic, preferably 45 deg: to the 
direction of the brooming. 

Note 2. — ^These spreading rates are equiva- 
lent to a range of 7 to 14 gal. per mile for a 
stripe 4-in. in width and 11| to 21 gal per mile 
for a stripe 6-in. in width. 


Observations 

6. (a) Inspection of the test sections 
shall be made at regular intervals. The 
following schedule of inspections is 
recommended: 


First inspection immediately prior to subjecting, 

the test stripe to traffic 

Second inspection 24 hr. after application 

Third inspection 2 weeks after application 

Fourth inspection 4 weeks after application 

Fifth inspection 8 weeks after application 

Subsequent inspections. . .every 4 weeks thereafter 


(6) Observations shall be made as to- 
the relative performance characteristics, 
such as general appearance, day and 
night visibility, bleeding, chipping, and 
abrasion. It is recommended that pho- 
tographs be made as a supplementary 
record of the relative performance char- 
acteristics. 



Tentative Method of Test for 
SPECULAR GLOSS OF PAINT FINISHES’ 



A.S.T.M. Designation: D 523 - 44 T 
Issued, 1939; Revised, 1941, 1944.2 

Tliis Tentative Standard of the American Society for Testing Materials is 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 

Scope Definition 


1. This method of test describes three 
procedures for measuring specular gloss 
of paint finishes as folloy/s: 

Procedure A may be used for the 
classification of any surface regardless of 
the presence of some texture and may 
also be used for measurement of eggshell 
and flat finishes, , 

Procedure B is applicable only to sur- 
faces which are free from macroscopic 
structure or texture and is intended for 
measurement of specular gloss over a 
wider gloss range than procedure A. 

Procedure C may be used for the rou- 
tine comparison of the gloss of surfaces 
of low and medium gloss where all sur- 
faces in any group have approximately 
the same diffuse reflectance. 

Note.— P roperties other than specular gloss 
that contribute to the appearance of a finish 
are defined in Appendix I and discussed in Ap- 
pendix II. 


1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products, 

* Latest revision accepted by the Society at annual 
meeting, June, 1944. 


2. Specular Gloss , — Specular gloss is 
defined as one thousand times the ratio 
of the brightness of the sample when 
illuminated unidirectionally® and viewed 
in the direction of specular reflection less 
the brightness of the sample when illu- 
minated in the same direction and viewed 
normally,^ to the brightness of the ideal, 
completely reflecting, perfect mirror, 
similarly illuminated and viewed in the 
direction of specular reflection. 

Apparatus 

3. {a) The apparatus shall consist of 
a light source, means for locating the 
surfaces of test objects, and a receptor. 
These three parts shall be combined in a 
rugged instrument with properly col- 
limated source and receptor beams. 
The proper relative positions of the dif- 


* When the source subtends at the sample a solid angle 
so small that a further decrease will not alter appreciably 
either the angular distribution of the reflected flux or its 
ratio to the incident flux, the illumination is called uni- 
directional. 

* Interchange of source and receptor is permissible. It 
should be noted that procedure C does not measure the 
quantity here defined because it does not provide for sub- 
tracting the brightness of the srnple when viewed nor- 
mally from the brightness when viewed in the direction of 
specular reflection. As noted in Section 1, however, pro- 
cedure C has been designed for the rapid gloss comparison 
of surfaces of approximately the saif'ae diffuse reflectance. 
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ferent parts of such an instrument are 
shown in Fig. 1.® 

(6) Angles of Illumination and View. 
—The angle of incidence shall be that 
prescribed in Section 4 (a) or (&). The 
direction of view shall be that of mirror 
reflection. With a front-surfaced mirror 
in a testing position, the reflected beam 
shall be centered on the receptor. Pro- 
vision shall also be made for view’ing or 
illuminating the sample normally to its 
surface, except in instruments designed 
only for measurements according to pro- 
cedure C. 

(c) Spectral Characteristics of Sotirce 
and Receptor. — The source shall approxi- 
mate standard illuminant C (representa- 


urements® shall be made at 60 deg. withi 
the following rectangular source and! 
receptor spreads: 

Source Receptor- 

Aperture spread in the plane of 
the centers of the incident and 

reflected beams 0.6 deg. 4.4 deg.. 

Aperture spread perpendicular 
to the plane of the centers of 
the incident and reflected 
beams 3.7 deg. 11.7 deg. 

Interchange of source and receptor* 
spreads or the use of different spreads is- 
permissible, provided specular gloss- 
values obtained do not differ from those; 
measured according to the prescribed 
conditions by more than plus or minus 2! 
for specular gloss values above 20, or* 
by more than plus or minus 10 per cent; 
for values equal to or below 20. When 



Fig. 1. — Drawing of Glossraeter Showing Arrangement of Parts. 


tive of average daylight) recommended 
by the International Commission on 
Illumination (I.C.I.), and the receptor 
shall have a spectral sensitivity approxi- 
mating the luminosity factors of the 
standard I.C.I. observer, or equivalent 
source-receptor combinations may be 
used. 

Method of Measurement 

4. (o) Procedure A. — ^To classify sur- 
faces according^ to specular gloss, meas- 

“ Constructions difltering from that specified^ may^ be 
employed if such constructions are proved to give identical 
results. 


readings in the direction of specu- 
lar reflection are less than 20, each 
reading shall be diminished by an 
amount which will compensate for the 
light diffusely reflected from the sample. 
This may be accomplished by making an 
additional measurement with the source 
normal to the sample and the receptor 
in the same position as before.’ 


« Richard S. Hunter and Deane B. Judd, “Development 
of a Method of Classifying Paints According to Gloss,” 
ASTMBxiiletin, No..<)7, Marchv l939, p. 11. , 

> In lieu of determining the compensation in the above 
manner, it maybe determined by multiplying the apparent 
reflectance, Aooo.jo by 2.5 (for most paint films either 
446“, o“or Ad,-//iMe,o“ may be substituted for A 6oa,i!“), when 
instruments employing the source and receptor spreads 
specified above are used. 
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When measured under these condi- 
tions, surfaces shall be classified as 
follows: 


Surfaces Having Classed 
Gloss Values As 


Usually Referred to As 


Above 70 A High or full gloss 

70 to 30, excl B Semigloss or medium gloss 

30 to 6, excl C Eggshell 

6 to 2, excl D Flat to eggshell (inter- 

mediate) 

2 and under E Flat 


(b) Procedure B . — For the measure- 
ment of specular gloss the following con- 
ditions shall be used: 

Angle of Incidence 


Gloss Range and View, deg. 

High and medium or semigloss 45 

Eggshell 60 

Flat 70 


For measurement of the specular gloss, 
the following apertures for the source and 
receptor shall be used: 

Source Receptor 

Aperture in the plane of the col- 
limator and receptor axes Q.S deg. l.S deg. 

Aperture in the plane perpendic- 
ular to the collimator and recep- 
tor axes 3.S deg. 4.S deg. 


For samples classified as flat an addi- 
tional measurement with the source nor- 
mal to the sample shall be made with the 
same viewing angle and aperturesd This 
is necessary in order to correct for the 
diffusely reflected light whose magnitude 
in the case of such samples may be com- 
parable to the specularly reflected light. 
This additional measurement must be 
deducted from the measurement made 
with the source located at the position 
specified above for the determination of 
the mirror reflection, in order to deter- 
mine the specular gloss.® 

(c) Procedure C . — For measurements 
of specular gloss according to procedure 
C, the 60-deg. illuminating and —60- 
deg. viewing conditions specified for pro- 
cedure A shall be used. Values of spec- 
ular gloss according to procedure C are 
therefore always higher than values for 
the same specimens according to proce- 
dure A by the amounts of the diffuse 
corrections required by procedure A. 


® This procedure should also be carried out for intermed- 
iate, eggshell, medium, andhigh-glosssamples, if necessary. 


Specular Gloss Standards 

5. (<z) The fundamental specular gloss 
standard shall be the ideal, completely 
reflecting, perfect mirror which is as- 
signed a value of 1000. 

{b) Specular-gloss working standards 
may be highly polished, plane, black- 
glass surfaces for which the reflectance 
may be calculated as a function of angle 
of incidence and the refractive index by 
using Fresnel’s equation. Polished black 
glass with a refractive index of 1.52 has 
the following values for the several 
angles of incidence shown: 


Angle of Incidence, deg. Specular Gloss 

45 53 

60 92.5 

70 170 


Surfaces of liquids may also be used® as 
working standards. 

Preparation and Measurement of 

Samples 

6. (a) Samples of the finish to be 
tested shall be prepared on smooth, plane 
panels with or without a ground as may 
be desired. 

(])) For measurement in accordance 
wi A procedures A or C, the finish shall 
be as free as possible from brush marks 
and other surface nonuniformities. The 
direction of the brush marks or other 
similar texture effects shall be parallel 
to the plane of measurement. 

For measurement in accordance with 
procedure B, the finish shall be free 
from brush marks, orange peel, spray 
wave, and other surface irregularities. 

(c) In making the measurements, 
check-settings on a reference standard 
which has been calibrated for use under 
like conditions shall be interspersed at 
time intervals sufficiently brief to insure 
accuracy of the results to within 5 
per cent.^° p 

» n. G. Moore and R. S. Hunter, “Use of Liquid Sur- 
faces as Standards of Specular Gloss,” J. Am. Ceramic 
Soc., Vol. 24, p. 167 (1941) , 

10 For detennining the specular gloss of specimens 
similar in reflecting characteristics to an available stand- 
ard, larger apertures yield equally accurate results which 
are often more precise. 
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id) At least three portions of the 
surface of the test specimen shall be 
measured to give an indication of the 
degree of surface uniformity and provide 
an average which is typical of the sur- 
face. If any portion of the test surface 
differs from the average in specular gloss 
by more than 5 per cent the panel shall, 
unless otherwise agreed, be discarded. 


Report 

7. (o) Unless otherwise specified, the 
value of specular gloss shall be reported 
in terms of a perfectly reflecting mirror 
which has been assigned a value of 1000. 

(6) The angle of incidence shall be 
reported. 

(c) The method of preparation and the 
film thickness shall be stated whenever 
possible. 


APPENDIX I 







Definitions of Five Types of Gloss Not Involved in Present Method of 
Test 


Al. (a) Gloss. — Gloss is the property of a 
surface by which it reflects light specularly. 

(b) Glossiness. — Glossiness of a surface is the 
appearance ascribable to its gloss. 

(c) Apparent Reflectance. — Apparent reflec- 
tance of a sample is the reflectance which a 
l^erfectly diffusing surface would require in 
order to yield the same brightness as the sample 
under the same conditions of illumination and 
viewing. 

(d) Sheen. — Sheen is specular gloss at near 
grazing angles of incidence and reflection. 

(e) Contrast Gloss. — Contrast gloss is ex- 
pressed as a fraction whose denominator is the 
apparent reflectance of the sample when 
illuminated in a direction other than perpen- 


dicular and viewed in the direction of specular 
reflection, and whose numerator is the same 
apparent reflectance diminished by the apparent 
reflectance of the sample identically illuminated 
but viewed perpendicularly. 

(/) Distinctness-of-Image Gloss. — Distinct- 
ness-of-iioage gloss is indicated by the faith- 
fulness with which the surface produces mirror 
images of objects. 

(g) Absence-oJ-Blooni Gloss. — Absence-of- 

bloom gloss is indicated by freedom from 
haziness bordering a high light. 

(h) Surface-Uniformity Gloss. — Surface-uni- 
formity gloss is revealed by the degree of 
freedom of relatively high-gloss surfaces from 
visible local variations. 


APPENDIX II 


Discussion of 

A2. (a) Apparent Reflectance. — In the meas- 
urement of gloss one deals mainly with mu- 
directional illumination; for such illumination 
apparent reflectance is a function of the altitude 
and azimuth of the illuminating beam, and the 
altitude and azimuth of the direction of view. 
The gloss of a surface is completely specified 
by these unidirectional apparent reflectances 
and is the degree to which apparent reflectance 
varies with angle. Of principal importance 
are the specular an^ near-specular directions of 
reflection. 

In actual cases six determinations correspond- 
ing to the six type% of gloss defined above have 
been found sufficient. Five of these may be 


Definitions 

expressed as functions of apparent reflectance in 
the plane of the illuminating beam and normal to 
the surface using the symbol rfs.e', for apparent 
reflectance where the first subscript indicates 
the direction of the illuminating beam measured 
from the normal, and the second subscript 
similarly indicates the direction of view. 

(6) Specular Gloss, Sheen.— Tha reference 
standard used in calculating specular gloss or 
sheen is the perfectly reflecting mirror. The 
working standard is customarily a piece of 
polished black glass whose specular reflectance 
is calculated by the Fresnel law from its index of 
refraction. If angle of illumination and the 
sizes of illununating and viewing apertures are 
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stated, specular gloss (Gs) and sheen ({?,*) are 
given by the formula: 


G, or G,i = 1000 


{ ~ (sample) \ 
\ Bo,-o (standard) / 


Where: 

‘Bb,-b — brightness for equal angles of viewing 
and illumination, and 

Bb,o — brightness for the same angle of il- 
lumination arid normal viewing 
(conditions of viewing arid illumi- 
nation may be reversed). 


(c) Contrast Gloss . — If angle of illumination 
and sizes of illuminating and viewing apertures 
are stated, contrast gloss, Ge, is given by the 
formula: 

^ iAQ,-o — Ae,a) 


(d) Distinctness~of -Image Gloss. — Distinct- 
ness-of-image gloss depends on the rate of 
change with angle of incidence of apparent 
reflectance for a direction of view deviating 
from the direction of specular reflection by a 
small angle (perhaps from 1 min. to 1 deg.). A 
possible quantitative definition of this t)q)e of 
gloss Gi is: 

dii,-e 


Gi 


hA- 


dAi,^ 


where : 

6 — i 6i 

Si = a small angle of the order of 1 min. to 
1 deg., and 

k = axi arbitrary constant which should be 
adjusted once for all to give a con- 
venient scale. 


* [A + (^5,-(8-a<^) — 4.fl,_(0_A,;i))] 

Bloom is hazmess near a high light. It may 
be caused by a smear of foreign substance (such 
as grease) on a plane surface, by small dis- 
continuities in the surface itself, or by light- 
scattering elements beneath the surface. Bloom 
from the first two sources is usually an un- 
desirable quality because it may be the 
indication of a cleaning process not quite 
successful, or of the incipient breakdown of a 
glossy paint film. Bloom from the third 
source, is, however, frequently a desired quality, 
and light-scattering materials are sometimes 
introduced for the purpose of producing it. 
Such a paint is sometimes said to have a “satiny” 
finish. 

(/) Surface-Uniformity Gloss . — The depend- 
ence of glossiness upon the presence of surface 
nonuniformities is definite for samples of high 
gloss, less definite for surfaces of eggshell finish, 
and obscure or absent for surfaces of nearly flat 
finish. Surface nonuniformities probably in- 
fluence Judgments of distinctness-of-image gloss 
more than judgments of other types. Surface 
nonuniformities include both the regular or 
semiregular nonuniformities sometimes called 
texture (brush marks, orange peel, marks 
exhibited by etched, pitted, scratched, or wavy 
surfaces and so on) and the irregular nonuni- 
formities (blotches, isolated scratches, pits, 
waves, cracks, lines or spots, and so on). Thus 
far, surface nonuniformity has been treated by 
visual judgments and by photographs which 
serve to record the amount and kind of non- 
uniformity. 

(g) Characteristic Appearance of Each Type of 
Gloss, and Range in which Each Is Most Prev- 
alent: 


Distinctness-of-image gloss may also be ex- 
pressed as a function of the least angular 
separation, Sd, of two linear elements in the 
illuminant which are resolved in the image. 
This might give: 



(e) Absence-of-Bloom Gloss . — Bloom may be 
exiiibited by surfaces whose distinctness-of- 
image gloss is high and may be quantitatively 
described by the difference between the apparent 
reflectance of the specimen a few degrees 5(j» 
(perha.ps 5 deg.) from the direction of minror 
reflection and the apparent reflectance many 
degrees A(/> (perhaps 45 deg.) from it. Absence- 
of-bloom gloss (Gi.) might be indicated by: 


Type of Gloss 

Characteristic 

Appearance 

Glossiness Range 
in Which Preva- 
lent 

Specular gloss 

Brilliance of high 

Medium glossi- 


lights, shini- 

ness 

Sheen 

Shininess at graz- 

Low glossiness 


ing angles 


Contrast gloss 

Contrast between 
specularly re- 
flecting areas 
and other areas 

Low glossiness 

Distinctness-of- 

Distinctness and 

High glossiness 

image gloss 

sharpness of 

Absence-of-bloom 

Absence of smear 

High glossiness 

gloss 

or excess semi- 

specular reflec- 
tion adjacfnt to 



Surface-uniformity 

high lights 
Surface uniform- 

Medium to high 

gloss 

ity, freedom 
from visible' 

glossiness 


nonuniformi- 




Tentative Method of .’Test for 

DAYLIGHT 45 DEGREE, 0 DEGREE APPARENT REFLEC- 
TANCE OF PAINT FINISHES' 



A.S.T.M. Designation: D771.-44T • . 

Issued, 1944.2 

TMs Tentative Standard of the American Sbcfety for Teking ‘Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260. S. Broad St.y Bhiladelphia 2, Pa. 


Scope 

1. This method of test covers a pro- 
cedure for daylight 45 deg., 0 deg. appar- 
ent reflectance of paiiit finishes. The 
combination of illumination at 45 deg. 
with perpendicular viewing as prescribed 
in this method is in accord with the 
recommendation of the International 
Commission on Illumination as the 
standard condition for the colorimetry of 
opaque surfaces^ because it represents a 
satisfactory average of the directional 
conditions under which the nonglossy 
attributes of surface colors are observed 
in everyday life. Values of daylight 
45 deg., 0 deg. apparent reflectance are 
therefore useful and are widely used for 
designating the approximate daylight 
diffuse reflectances of opaque surfaces 
and for indicating the lightnesses which 
these surfaces will appear to have. 

* Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. Com- 
mittee D-1 on Paint, Varnish, Lacquer, and Related Prod- 
ucts. , . , 

2 Accepted by the Society at annual meeting, June, 
1944. 

^ Proceedings, Eighth Session, Commission Interna- 
tionale de I'Eclairage, Cambridge, England, September, 
1931, pp. 19-29. See also Standard Method of Test for 
Spectral Characteristics and Color of Objects and Mate- 
rials (A.S.T.M. Designation: D_307), which appears m 
this publication, see /Contents in Numeric Sequence of 
A.S.T.M. Designations at front of book. 


NQrE.-r;Values.q£ lununous apparent reflect- 
ance for nearly perpendicular iljvipiinatioii and 
nearly completely diffuse viewing are also em- 
ployed for the saine two purposes. Two geom- 
etries of this sort are employed' by the General 
Electric recording photoelectric spectrophoto- 
meter and by other yreflectometers; ia oue 
geometry,' the viewing fails to be completely 
diffuse 'chiefly because some light' is lost in the 
direction of the illumin'aldh| beam, in the other 
geometry, light reflected along any of a group 
of angles surrounding .thp/.direcflon of specular 
reflection is purposely , kept frpm the receptor. 
With surfaces which' are bdth of light color (45 
deg., p deg. luminous apparent reflectance more 
than 50 per cent) and nearly or quite devoid of 
gloss, values of apparent reflectance for the 45 
deg., 0. deg, and 0 deg.’ 'diffuse geometries are 
nearly identical. For surfaces which are either 
somewhat' glossy or' dark . colored, values of 0 
deg. diffuse luminous apparent reflectance are 
generally higher than values of 45 deg., 0 deg. 
luminous apparent reflectance. With dark 
surfaces in particular, the inclusion of light 
reflected along or near the direction of specular 
reflection in measurements by instruments 
employing the O' deg. diffuse' geometry causes 
these instrunaents to give values of apparent 
reflectoce that, are .too high to accord with 
lightness ratings made visually. 

Definition 

2. Daylight 45 deg., 0 deg. Apparent 
Reflectance . — ^The daylight 45 deg., 0 deg. 
apparent reflectance of a surface is de- 
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fined as the daylight reflectance an 
ideally diffusing specimen would have to 
have to appear as bright as the test speci- 
men when both are illuminated at 45 
deg. by I.C.I. illuminant C* (daylight) 
and viewed perpendicularly by a normal 
observer possessing the I.C.I. luminosity 
function.® 

Apparatus 

3. (a) Spectral Characteristics. — The 
source shall approximate standard illu- 
minant C (representative of average 
daylight) recommended by the Inter- 
national Commission on Illumination 
(I.C.I.),® and the receptor shall have a 
spectral sensitivity approximating the 
luminosity function of the standard 
I.C.I. observer® or equivalent source- 
receptor combinations may be used. 

{b) Geometric Characteristics. — Illumi- 
nation shall be within 4 deg. of, and cen- 
tered about, a direction 45 deg. from the 
perpendicular to the test surface; viewing 
shall be within 15 deg. of, and centered 
about, the perpendicular. The above 
directions of illuminating and viewing 
may be interchanged giving the equiva- 
lent 0 deg., 45 deg. conditions. 

Note.— ^The Hunter multipurpose reflecto- 
meter, used with green filter in the manner 
described by Richard S. Hunter, “A Multipur- 
pose Photoelectric Reflectometer,” Research 
Paper RP 1345, Nat. Bureau Standards, No- 
vember, 1940, meets the requirements prescribed 
in Section 3. 

Standards 

4. (a) Primary Standard. — ^The pri- 
mary standard is the ideal, completely 
reflecting, perfectly diffusing surface. 
Experiment has shown that a freshly 
smoked surface of magnesium oxide pre- 


pared according to the instructions in 
National Bureau of Standards Letter 
Circular LC 547 (1939) is not signifi- 
cantly different from the primary stand- 
ard in its power to reflect light perpen- 
dicularly when illuminated at 45 deg. 
{Warning: Surfaces of magnesium car- 
bonate or aged surfaces of MgO may be 
significantly lower in apparent reflect- 
ance than freshly prepared MgO). 

(&) Working Standards. — Porcelain- 
enameled metal plaques or other mate- 
rials known to be reasonably permanent 
in their reflective properties can be cali- 
brated and used as working standards of 
daylight 45 deg., 0 deg. apparent reflect- 
ance. For each measurement, it is 
recommended that the available working 
standard closest in daylight 45 deg., 0 
deg. apparent reflectance to the sample 
be chosen. 

Preparation of Sample 

5. For the daylight 45 deg., 0 deg. 
apparent reflectance of a given system 
of coating-on-ground, instructions for the 
preparation of the system shall be fol- 
lowed. For the daylight 45 deg., 0 deg. 
apparent reflectivity of a paint material, 
sufficient coats of the material shall be 
applied to a white vitreous-enamel, sized 
cardboard, or other suitable panel until 
an additional coat produces no measur- 
able change in the reflectance reading. 
In either case the last coat shall be 
allowed to dry thoroughly in a well- 
lighted room or cabinet free from dust 
or fumes. 

Report 

6. Unless otherwise specified, values of 
daylight 45 deg., 0 deg. apparent reflect- 
ance shall be reported to the nearest 1 
per cent. 
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Alkyd Resin . — Under Resin, see Alkyd 
Resin. 

Baking Finish. — A paint or varnish that re- 
quires baking at temperatures above 150 
F. for the development of desired proper- 
ties. 

Baking Temperature. — A temperature above 
150 F. (65.6 C.). 

Bituminous V arnish—VnAex Varnish, see 
Bituminous Varnish. 

Bleeding. — ^The diffusion of coloring matter 
through a coating from the substrate; also, 
the discoloration arising from such diffu- 
sion. 

Bulking Value. — Solid volume of a unit 
weight of material usually expressed as 
gallons per pound. 

Color. — The aspect of the appearance of 
objects which depends upon the spectral 
composition r of the light reaching the 
retina of the eye and upon its temporal 
and spatial distribution. . Black, white, 
and gray are colors as well as red, yellow, 

* Under the standardization procedure of the Society, 
these definitions are untJcr the jurisdiction of the A.S. 
T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. . . 

■ » Prior to their present publrcation as tentative these 
definitions were published as proposed standard definitions 
from 1914 to 1915, being revised in 1915. They were adopted 
in 1915, published as standard from 1915 to 1940, being re- 
vised in 1922 and 1924, but revised and republished as ten- 
tative in 1940. 


green, blue, purple, and their inter- 
mediates. Mixtures or blends of these 
are also colors. The colors of objects 
have three attributes: hue, lightness and 
saturation. 

Note— A ppearance depends upon shape, 
gloss, transparency, and texture as well as 
upon color. The term color is sometimes 
loosely used in reference to material sub- 
stances (pigments, stains, dyes) apart from 
their appearance. 

Hue . — The attribute which determines 
whether the color is red, yellow, green, 
blue, purple, or the like. 

Lightness . — The attribute which per- 
mits an object color to be classified as 
equivalent to some member of the series 
of grays ranging between black and 
white. 

Saturation . — The attribute of any color 
possessing a hue which determines the 
degree of its difference from the gray 
, of the , same, lightness.. 

Drier.— A composition . which accelerates 
, the drying of oil, paint, or varnish. Driers 
are usually metallic compositions and are 
available in both solid and liquid forms. 

Drying OH. — An oil which possesses to a 
marked degree the property of r^dily 
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taking up oxygen from the air and chang- 
ing to a relatively hard, tough, elastic 
substance when exposed in a thin film to 
the air. 

Enamel. — A paint which is characterized 
by an ability to form an especially 
smooth film. 

Filler. — A pigmented composition for filling 
the pores or irregularities in a surface 
preparatory to application of other 
finishes. 

Flatting Agent. — A material added to paints, 
varnishes, and other coating materials 
to reduce the gloss of the dried film.l 

Forced Drying Temperature . — A temper- 
ature between room temperature and ISO 
F. (65.6C.). ; 

Fossil Resin . — Under Resin, see Fossil 
Resin. 

Glaze. — A very thin coating of a paint 
product usually a semi-transparent coat- 
ing tinted with Van Dyke brown, burnt 
sienna, or a similar pigment; applied on a 
previously painted surface to produce a 
decorative effect. ‘ • 

Hiding Power. — The power of a paint or 
paint material as used to obscure a sur- 
face painted with it. 

In this definition the word “obscure” means 
to render invisiible or to cover up a surface 
so that it cannot be seen. 

Hue . — Under Color,: see Hue. 

Lacquer. — A. liquid composition containing 
cellulose esters or ethers as the basic 
^Im-forming ingredients. Lacquer dries 
rapidly by solvent evaporation. 

Sanitary or Tin Plate Lacquers . — 
Usually varnish coatings for, application 
on the interior of metal food containers. 

Lake. — A special type of pigment consisting 
essentially of an organic soluble coloring 
matter combined more or less definitely 
with an inorganic base or carrier. It is 
characterized generally by a bright color 
and a more or less pronounced trans- 
lucency when made into an oil paint. 


Under this term are included two (and 
perhaps three) types of pigment: (a) the 
older original type composed of hydrate of 
alumina dyed with a solution of the natural 
organic color, (b) the more modern and far 
more extensive type made by precipitating 
from solution various coal-tar colors by means 
of a metallic salt, tannin, or other suitable 
reagent, upon a base or carrier either pre- 
viously prepared or coincidently formed, and 
(c) a number combining both types in vary- 
ing degree, might be regarded as a third class. 

Lightness . — Under Color, see Lightness. 

Natural Resin . — Under Resin, see Natural 
Resin. 

Wondrying Oil. — ^An oil which does not of 
itself possess to a perceptible degree the 
power to take up oxygen from the air and 
lose its liquid characteristics. 

Nonvolatile Vehicle. — The liquid portion 
of a paint excepting its volatile thinner 
and water. 

Oil Paint.— Vvidet Paint, see Oil Paint. 

Oil Varnish . — Under Varnish, see Oil 
Varnish. 

Opacity.— The degree of obstruction to the 
transmission of visible light. 

In this sense “opacity” is a relative term 
it being considered that' given a film suffi- 
ciently thin, in paint technology at least, 
there is no absolutely opaque substance. 

Paint. — ^A pigmented liquid composition 
which is converted to an opaque solid 
film after application as a thin layer. 

Oil Paint.— K paint that contains drying 
oil or oil varnish as the basic vehicle in- 
gredient. 

Water Paint . — A paint that contains a 
water emulsion or dispersion as the 
vehicle. 

Paste Paint.— A paint in which the 
pigment is sufficiently concentrated to 
permit a substantial reduction with vehicle 
before use. ^ 

Paste Paint . — Under Paint, see Paste Paint. 

Phenolic Resfw.— Under P.esin, see Phenolic 
Resin. 
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Pigment.— The fine solid particles used in 
the preparation of paint, and substantially 
insoluble in the vehicle. 

Asphaltic materials are not pigments ex- 
cept when they contain substances substan- 
tially insoluble in the vehicle in which they 
are used. 

Pigment Volume. — The percentage by vol- 
ume of pigment in the nonvolatile portion 
of a paint as calculated from bulking value 
and composition data. The letters PV 
are commonly used as an abbreviation. 

Putty. — A stiff, dough-like material consist- 
ing of pigment and vehicle, used for 
setting window panes and filling imper- 
fections in wood or metal surfaces. 

Resin. — A solid or semisolid, water-insolu- 
ble, organic substance with little or no 
tendency to crystallize. 

Natural Resin. — A resin formed by 
natural processes. 

Fossil Resin. — A natural resin of ancient 
origin usually found in the earth. 

Synthetic Resin. — A resin manufactured 
by chemical processes. 

Alkyd Resin. — A synthetic resin made 
from polyhydric alcohols and polybasic 
acids. 

Phenolic Resin. — A synthetic resin 
made from phenols and aldehydes. 

Sanitary or Tin Plate Lacquers. — Under 
Lacquer, see Sanitary or Tin Plate 
Lacquers. 

Saturation. — Under Color, see Saturation. 

Semidrying Oil. — An oil which possesses the 
characteristics of a drying oil but to a 
lesser degree. 

There is no definite line of demarcation be- 
tween drymg and semidrying oils. 

Shade. — A term descriptive of a lightness 
difference between surface colors, the 
other attributes of color being essentially 
constant. A ligluter shade of a color is 
one that has higher lightness but approxi- 
mately the same hue and saturation; and 
a darker shade ^is one that has a lower 
lightness. 


Primarily, the term “shade” is derived from 
shadow and designates a change in appearance 
analogous to that produced by a local reduc- 
tion in illumination. It should, therefore, 
when strictly used, express only the change 
toward a darker color. Shade of a color has 
been defined by several authorities as the 
mixture of black with that color, thus estab- 
lishing its opposite character to “tint”, but 
by extension of its relative sense it has been 
frequently and .widely used to include lighter 
shades by use of the adjective “lighter” or 
“paler”. Although such expressions ap- 
parently involve a contradiction, it is clear 
that while we may have a shade of a color, 
or darker color of the same sort, it is easy to 
conceive of another shade not quite so dark 
and therefore lighter. 

Size . — K liquid coating composition, usually 
transparent, for sealing a porous surface 
preparatory to application of finishing 
coats. 

Spirit Varnish. — Under Varnish, see Spirit 
Varnish. 

Spreading Rate. — The area covered by a unit 
volume of coating material frequently 
expressed as square feet per gallon. 

Surfacer . — k pigmented composition for 
filling minor irregularities to obtain a 
smooth uniform surface preparatory to 
applying finish coats; usually applied 
over a primer and sandpapered for 
smoothness. 

Synthetic Resin. — Under Resin, see Syn- 
thetic Resin. 

Tint, — A color produced by the mixture of 
white pigment or paint in predominating 
amount with a colored pigment or paint, 
not white. The tint of a color is, there- 
fore, much lighter and much less satu- 
rated than the color itself. 

Tinting Strength.— The power of coloring a 
given quantity of paint or pigment se- 
lected as a medium standard for estimat- 
ing such power. 

Toner. — An organic pigment which does not 
contain inorganic pigment or inorganic 
carrpng base. 

Varnish.— A liquid composition which is 
converted to a transparent or translucent 
solid film after application as a thin layer. 
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Bituminous Varnish . — A dark colored 
varnish containing bituminous ingre- 
dients. The varnish may be either of the 
oil or spirit type. 

Oil Varnish— k varnish which contains 
resin and drying oil as the basic film 
forming ingredients and is converted to 
a solid film primarily by chemical 
reaction. 

S-pirit V arnish.—k varnish which is con- 
verted to a solid film primarily by solvent 
evaporation. 


Vehicle. — The liquid portion of a paint. 

Anything that is dissolved in the liquid 
portion of a paint is a part of the vehicle. 

Volatile Thinner. — All that liquid portion 
of a paint, water excepted, which is vola- 
tile in a current of steam at atmospheric 
pressure. 

Water Paint . — Under Paint, see Water 
Paint. 
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Purpose and Scope 

1. These specifications designate woods 
for weathering tests on exterior oil 
paints and other materials of similar 
purpose. Such tests may include either 
outdoor exposure tests or accelerated 
laboratory tests. According to experi- 
ence, the wood used as a test surface has 
a marked bearing upon weathering 
results, especially in accelerated labora- 
tory tests or 45-deg. outdoor exposures. 
It is the purpose of these specifications 
to maintain more uniformity of the in- 
fluence of the w^ood, particularly in 
cooperative work among different labora- 
tories. The cedar and white pine, as 
specified, are desirable for determining 
general durability factors. Cedar, as 
specified, is affected less by the exposure 
conditions and is preferred for acceler- 


1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee D-1 on Paint, Varnish, Lacquer, and 
Related Products. 

* Accepted by Committ *e E-10 on Standards, August 
28, 1944. 

Prior to their present publication as tentative, these 
specifications were published as, tentative from 1933 to 
1938, being revised in 193S. They were adopted in 1938, 
published as standard from 1938 to 1944, but were with- 
drawn, revised, and republished as tentative in 1944. 


ated tests (laboratory and 45-deg. out- 
door exposures) to avoid the masking of 
the true failure characteristics of the 
coating by unusual changes in the wood 
surface. Redwood, as specified, may be 
substituted for western red cedar when 
such substitution is mutually agreed 
upon or when the specified grade of 
western red cedar is not available. 
From the standpoint of being affected 
by exposure conditions, white pine, as 
specified, represents an intermediate 
wood. Southern yellow pine, as speci- 
fied, emphasizes the influence of wood on 
adhesion and durability of the coating. 

Western Red Cedar 

Species 

2. The material for test panels shall 
be western red cedar {Thuja plicata). 

Weight per Cubic Foot 

3. The wood shall weigh 22 to 23 
lb. per cu. ft. The weight shall be 
determined after at least one week’s 
storage in a protected, dry, warm atmos- 
phere (approximately 70 F, (21 C.)). 
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Character of Wood 

4. The material shall be close grained, 
as nearly edge grain as possible and in 
no section to vary more than 45 deg. 
from edge grain. The surfaces shall be 
smoothly planed and sanded. 

Thickness of Panels 

5. The minimum thicknesses (Note) 
in proportion to width (across the grain) 
shall be as follows: 

Panel Width, in. Minimum Thickness, in. 

3 and under f 

Over 3 to 6, inch 

Over 6 I 

Note. — Minimum thicknesses in proportion 
to width (across the grain) do not apply to 
panels made of clapboard or siding of com- 
mercial types, which shall be used as regularly 
marketed. 

White Pine 

Species 

6. The white pine wood shall be re- 
stricted to northern white pine {Pinus 
strohus) and Idaho white pine {Pinus 
monticola). 

Weight per Cubic Foot 

7. The wood shall weight 24 to 26 
lb. per cu. ft. when wood is in equilib- 
rium with air at 60 to 65 per cent relative 
humidity and 69 to 71 F. (20.5 to 
21.6 C.) (wood at approximately 12 per 
cent moisture content). 

Character of Wood 

8. (a) The wood shall be free from 
knots, pitch pockets, pitch streaks, and 
other defects. The number of annual 
growth rings per inch along the radius of 
the log from which obtained shall be not 
less than 18. The surfaces shall be 
smoothly planed and sanded. 

(6) The wood shall be selected as edge 
grain or flat grain as desired. Speci- 
mens in which the annual growth rings 
intersect the planed test surface at an 


angle of 45 deg. or more shall be consid- 
ered edge grain, and similarly speci- 
mens in which the intersection is at an 
angle of 15 deg. or less shall be con- 
sidered as flat grain. The test surface 
of flat grain wood shall be on the bark 
side. 

Thickness of Panels 

9. The minimum thicknesses (see 
Note, Section 5) in proportion to width 
(across the grain) shall be as follows: 

Panel Width, in. Minimum Thickness, in, 

3 and under ji-- 

Over 3 to 6, incl f 

Over 6 I 

Southern Yellow Pine 
Species 

10. The material for test panels shall 
be southern yellow pine, suitable for 
siding purposes. It is not to be limited 
to a single species, but shall conform to 
the requirements prescribed in Sections 
11 and 12. 

Weight per Cubic Foot 

11. The wood shall weigh 32 to 38 lb. 
per cu. ft. when wood is in equilibrium 
with air at 60 to 65 per cent relative 
humidity and 69 to 71 F. (20.5 to 
21.6 C.) (wood at appro.ximately 12 per 
cent moisture content). 

Character of Wood 

12. (a) The wood shall be free from 
knots, pitch pockets, pitch streaks, and 
other defects. The number of annual 
growth rings per inch along the radius of 
the log from which obtained shall be not 
less than 7 nor more than 9. The sur- 
faces shall be smoothly planed and 
sanded. 

{b) The wood shall be selected as flat 
grain; specimens in #vhich the annual 
growth rings intersect the planed test 
surface at an angle q| 15 deg. or less 
shall be considered as flat grain. 
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Specifications for Wood Panels (D358-44T) 


Thickness of Panels 

13. The minimum thicknesses (see 
Note, Section 5) in proportion, to width 
(across the grain) shall be as follows: 

Panel W iclth, in. Minimum Thickness, in. 

3 and under ^ 

Over 3 to 6, incl | 

Over 6 I 

Redwood 

Species 

14. The material for test panels shall 
be redwood {Sequoia sempervirens) . 
Weight per Cubic Foot 

15. The wood shall weigh 28 to 29 lb. 
per cu. ft. at 12 per cent moisture con- 
tent. The weight shall be determined 
after at least one week’s storage in a 
protected, dry, warm atmosphere (ap- 
proximately 70 F. (21 C.)). 


Character of Wood 

16. The material shall be close 
grained, as nearly edge grain as possi- 
ble, and in no section to vary more than 
45 deg. from edge grain. The number 
of annual growth rings per inch along 
the radius of the log from which obtained 
shall be not less than 1 8. The wood shall 
be free of knots, oil streaks, and other de- 
fects such as wavy burl grain. The sur- 
faces shall be smoothly planed and sanded . 

Thickness of Panels 

17. The minimum thicknesses (see 
Note, Section 5) in proportion to width 
(across the grain) shall be as follows; 

Panel Width, in. Minimum Thickness, in. 

3 and under | 

Over 3 to 6, incl ■j’e 

Over 6 | 


Tentative Method for 

PREPARATION OF STEEL PANELS FOR EXPOSURE TESTS 
■ OF ENAMELS FOR EXTERIOR SERVICE' 

# 

A.S.T.M. Designation: D 609-41 T 
Issued, 1941.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method covers two procedures 
for the preparation of steel panels for 
exposure tests of enamels for exterior 
service. 

Test Panels 

2. The test panels shall be prepared 
from new cold-rolled steel, No. 20 to No. 
22 gage, that has been oiled at the mill 
and is free of rust. The steel shall 
conform to the requirements of grade 
No. 5, dead soft temper, of the Standard 
Specifications for Cold-Rolled Strip Steel 
(A.S.T.M. Designation; A 109) of the 
American Society for Testing Materials,^ 
and shall have a dull finish. The panels 
shall be not less than 2| by 5 in. in size. 

Preparation of Panel Surface 

3. The test panels shall be prepared 
for painting by one of the following 
procedures: 

Procedure The test panels, free 
of rust, shall be cleaned with suitable 
grease-removing solvents such as benzol, 
toluol, naphtha, trichlorethylene vapors, 

_ 1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

2 Accepted by the Society at annual meeting, June, 
1941. 


or water without inhibitors or soaps, so 
that the surface of the panel shows no 
water break when immersed in distilled 
water. The panel shall then be im- 
mersed in alcohol (absolute ethyl, iso- 
propyl, or suitable denatured alcohol), 
removed and allowed to dry, and 
finished, or stored in a desiccator until 
ready for finishing. 

Procedure B . — The panels, free of 
rust, shall be cleaned of all grease and 
oil by suitable solvents such as benzol, 
toluol, naphtha, or trichlorethylene 
vapors, and subjected to a phosphate 
solution until a unifonh phosphate 
coating is obtained, the conditions of 
treatment to be agreed upon by the pur- 
chaser and the seller. 

Application of Finishing Material 

4. The finishing material shall be ap- 
plied by a method agreed upon by the 
purchaser and the seller. The number 
of coats, the thickness of each coat, 
the time and manner of drying each 
coat, as well as the total thickness of the 
finish shall also be agreed upon by the 
purchaser and the seller. Each indi- 
vidual coat shall be applied to a uniform 
dry film thickness over any panel or 
group of panels withfn plus or minus 
0.0002 in. of the specified thickness. 


3 1944 Book of A.S.T.M. Standards, Part I. 



Tentative Method for 

EVALUATING THE DEGREE OF RESISTANCE TO BLISTER- 
ING OF ORGANIC COATINGS ON METAL WHEN SUB- 
JECTED TO IMMERSION OR OTHER TESTS 
INVOLVING EXPOSURE TO MOISTURE 
OR LIQUIDS! 



A.S.T.M. Designation: D 714- 43 T 
Issued, 1943.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be adLessed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. The photographic reference stand- 
ards included in this method are repre- 
sentative of different sizes of blisters 
that may develop on paint systems on 
iron, steel, or other metal surfaces when 
subjected to immersion tests (Note). 
They are to be used for comparative 
purposes and are not intended to have 
a direct relationship to a decision re- 
garding what constitutes failure of the 
paint system. This shall be agreed upon 
by the purchaser and seller. 

Note. — These photographic standards were 
obtained by immersion of paint systems on steel 
panels in tap water but, for descriptive pur- 
poses, they may be useful in other tests involving 
exposure to moisture or liquids. 

Types of Blistering 

2. The blistering represented in these 
standards ranges from the small ‘‘pin 

_________ p*. 

1 Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Pain.*, Varnish, Lacquer, and Related 
Products. , 

- Accepted by the Society at annual meeting, June, 
1943. 


point” t)^e through the intermediate 
sizes to the large and more or less irregu- 
lar “globular” t 5 T>es. 

Use of Photographic Reference Stand- 
ards 

3. The use of the photographic refer- 
ence standards shown in Figs. 1 and 2 
is subject to the following interpretations 
and suggestions: 

(а) The photographic reference stand- 
ards are intended to designate sizes of 
blisters and not quantity or distribution 
of blistering. 

(б) The selection of reference stand- 
ards has been restricted to four steps 
within a scale of 0 to 10, iu which 0 
represents the presence of very large 
blisters and 10 represents no blistering 
under the conditions of the test. These 
steps are designated as Blistering Stand- 
ards No. 2, No. 4, No. 6, and No. 8, 
respectively. Intermediate stages shall 
be judged by interpolation. The num- 
ber sba.ll refer to the larger sized blisters 
on the respective photographic standards 
(Note 1). 
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Fig. 1. — Degrees of Blistering. 
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1562 Immersion Test eoe Blistering oe Organic Coatings (D 714- 43 T) 


Note 1: Example . — Photographic standard 
No. 4 has on it blisters ranging in size from 
about No. 7 to No. 4, inclusive. This is neces- 
sary because it appears impractical to obtain 
photographic reference standards that show only 
one size of blistering uniformly distributed. 

(c) Blistering shall be reported in 
terms of amount or percentage of the 
area on the test specimen that is covered 
by blisters of different sizes (Note 2) as 
defined and illustrated by the respective 
reference standards and as specified in 
Paragraph (b). 

Note 2; Example . — The test specimen shows 

No.. . .to No blistering on. . .per cent of the 

surface. 

(d) When the amount and size of 
blistering vary considerably on different 
parts of the test specimen, this shall be 


indicated by reporting, in so far as prac- 
tical, the extent of this variation by 
statements such as : 

No to No blistering on. . . .per cent 

of the surface. 

No to No blistering on per cent 

of the surface, etc. 

(e) While reference to one or more of 
the standard numbers conveys the idea 
of “uniform” or “nonuniform” size, 
additional descriptive words such as 
“concentrated” or “scattered” and “gen- 
eral” or “localized” are needed and 
should be used (Note 3). 

Note 3: Standard No. 4 would 

be described as follows: 

No. 7 to No, 4 concentrated blistering gen- 
eral on 100 per cent of the surface. 




Tentative Method of 

EVALUATING DEGREE OF RESISTANCE TO FLAKING 
(SCALING) OF EXTERIOR PAINTS OF THE 
LINSEED-OIL TYPE' 


A.S.T.M. Designation: D 772 - 44 T 
Issued, 1944.2 

Ihis Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 



Scope 

1. The photographic reference stand- 
ards included in this method are 
representative of degrees of resistance 
to llaking (scaling) of linseed-oil-type 
exterior paint films on w^ood surfaces. 
These standards are primarily intended 
for comparative evaluation. 

Definition 

2. Flaking (scaling) is that phenome- 
non manifested in paint films by the 
actual detachment of pieces of the film 
itself either from its substrate or from 
paint previously applied. Flaking (scal- 
ing) is generally preceded by cracking or 
checking and is the result of loss of ad- 
hesion, usually due to stress-strain fac- 
tors coming into play. 

Types of Flaking (Scaling) 

3. Only one t>T)e of flaking (scaling) 
is recognized, as defined in Section 2. 

^ Under the _ standardisation procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee D-1 on Paint, Varnish, Lacquer, and Related 
Products. 

^Accepted by the SoC.ety at annual meeting, June, 1944. 


Use of Photographic Reference Stand- 
ards 

4. The use of the photographic refer- 
ence standards^ shown in Fig. 1 requires 
the following precautions: 

{a) Care must be taken not to con- 
fuse various types of failure that may be 
present on the same surface. 

(5) It must be realized that degree of 
failure will vary over any given area. 
Therefore, an average portion of the film 
should be used for comparison. 

(c) In technical literature, a distinc- 
tion is sometimes made between flaking 
and scaling. In most cases, however, 
flaking and scaling refer to the same 
phenomenon. In some instances, the 
term flaking is used to describe the de- 
tachment of pieces of film less than 
I in. in size, and scaling, the detachment 
of pieces over | in. in size. In other 
instances, the term flaking is used to de- 
scribe the detachment of pieces of film 

3 Copies of the Exposure Standards Manual prepared 
by the Federation of Paint and Varnish Production Clubs, 
giving actual photographs of various types of failures of 
exterior paints, may be obtained from the Secretary of 
the Federation, 704 Weightman Building, 1524 Chestnut 
St., Philadelphia 2, Pa. 
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No. 4 

Fig. 1. — Degrees of Flaking (Scaling). 
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from the immediate undercoat (inter- 
coat failure) and scaling the detachment 
of pieces from the base (complete fail- 
ure). It should be kept in mind that 
the flakes may vary widely m size and 
shape from those illustrated by the refer- 
ence standards in Fig 1, varying from a 
fraction of an inch to several inches in 
size. 

^ (d) Peeling should be considered as an 
aggravated form of flaking (scaling) and 


not as a difterent type of failure. It is 
frequently due to a moisture condition 
and when this is evident it should be 
taken into consideration in any evalua- 
tion. 

(e) For convenience in recording data 
obtained, the record sheet approved by 
the Federation of Paint and Varnish 
Production Clubs is recommended.'^ 

< These record sheets may be obtained from the Palm- 
erton Printing Co., Pabmerton, Pa., or from the American 
Society for Testing Materials, 260 S. Broad St., Philadel- 
phia 2, Pa. 



Tentative Specifications for 
A.S.T.M. THERMOMETERS^ 



A.S.T.M, Designation: E 1 - 44 T 
IssxjED, 1939 ; Revised, 1940 , 1941 , 1942 , 1943 , 1944.2 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., PMladelphia 2, Pa. 


Scope 

1. These specifications cover glass 
thermometers graduated in Centigrade 
or Fahrenheit degrees and frequently 
specified in methods of the American 
Society for Testing Materials. The 
various thermometers covered are listed 
in Table I. 

Requirements 

2. The individual thermometers shall 
conform to the detailed specifications 
given in Table I and to the general 
requirements specified in Sections 3 to 11. 

Note. — For the purpose of interpreting these 
specifications the following descriptions of terms 
apply: 

The total length is the over-all length of the 
finished instrument. 

The diameter is that measured with a ring 
gage or micrometer unless otherwise specified 
in Table I. 

The length of the bulb is the distance from 
the bottom of the bulb to the beginning of 
the enamel bacldng. 

1 Under the standardization procedure of the Society, 
these specifications are under the jurisdiction of the 
A.S.T.M. Committee E-1 on Methods of Testing. 

5 Latest revisions accepted by Committee E-10 on 
Standards, Marcli 15, W-", and by the Society at annual 
meeting, June, 1944. 

These specifications when adopted as standard are 
intended to be incorporated in the Standard Specifications 
for A.S.T.M. Thermoine‘ers (E 1 - 44), which appears in 
this publication, see Contents in Numeric Sequence of 
A.S.T.M, Designations at front of book. 


The top of the thermometer is the top of 
the finished instrument. 

Type 

3. Each thermometer shall be of the 
etched glass stem type unless otherwise 
specified in Table I. 

Stem 

4. The stem shall be made of suitable 
thermometer tubing and shall have a 
plain front and enamel back unless other- 
wise specified in Table I. 

Bulb 

5. The bulb shall be made of Corning 
normal or equally suitable thermometric 
glass. 

Graduations 

6. All graduation lines, figures, and 
letters shall be clear-cut and distinct. 

Special Marking 

7. In addition to the special markings 
prescribed in Table I, each thermometer 
shall be marked with a serial number and 
the manufacturer’s name or trade mark 
etched on the stem. 
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Specifications for A.S.T.M. Thermometers (E 1 ~ 44 T) 


Scale Error 

8. The error at any point of the scale 
up to the temperature limit prescribed 
in Table I when the thermometer is 
standardized in accordance with Section 
9 shall not exceed the values prescribed 
in Table I. 

Standardization 

9- The thermometer shall be stand- 
ardized immersed in the testing bath to 
the top of the mercury column, unless 
other conditions of immersion are pre- 
scribed in Table I, and at the tempera- 


tures prescribed in Table I. (See Ex- 
planatory Notes.) 

Test for Permanency of Range 

10. The test for permanency of range 
shall be made at the temperature pre- 
scribed in Table I and under the immer- 
sion conditions specified for the ther- 
mometer. The accuracy after the test 
shall be within the limit specified. 

Case 

11, The thermometer shall be supplied 
in a suitable case on which shall appear 
the marking prescribed in Table I. 


Explanatory Note on Periodic Checking of Changes of Bulb Volume 
OF Glass Thermometers 


A mercury in glass thermometer, if properly 
made and used, is an extremely reliable instru- 
ment but small changes in volume of the ther- 
mometer bulb may occur, even though the 
thermometer may have been carefully annealed 
or aged. 

Usually the bulb contracts slowly and as a 
result the thermometer may read higher after it 
has been placed in service than it did originally. 
These changes are more appreciable for short- 
range thermometers graduated in fractional de- 
grees, and the users of such thermometers should 
check such instruments from time to time. 
When first received the thermometers should be 
checked every week or so, later these time inter- 
vals may be lengthened if the changes are not of 
consequence. 

The ice-point method (reading in melting ice 
at 0 C. or 32 F.) has been found to be the most 
convenient and at the same time the most ac- 
curate method for checking changes in bulb 
volume. Other temperatures, such as the boil- 
ing point of water and of other pure substances, 
have been proposed for “fixed points,” but have 
not been found entirely satisfactory owing to the 
difficulties of accurately obtaining these fixed 
temperatures. 

Short-range thermometers graduated in frac- 
tional degrees may or may not be provided with 
an ice point reading if this temperature is not 
included in the given range. This extra point 
can be incorporated in the thermometer, but may 
be omitted for the sake of economy. In the 


case of distillation thermometers intended to be 
inserted in the neck of a flask, the ice-point 
graduation may be undesirable since the con- 
traction chamber between the ice point and the 
first graduation may contain enough mercury to 
cause uncertain and variable readings. For this 
reason the ice-point graduation, unless it is an 
integral part of the range, is generally omitted 
from the specifications for distillation ther- 
mometers. 

In the absence of the ice point other means 
must be provided for detecting changes in the 
readings, especially if the thermometer is frac- 
tionally graduated. The method most com- 
monly used involves the comparison at one or 
more temperatures in a well-stirred, properly 
constructed liquid bath of the thermometer to 
be checked against another standardized ther- 
mometer of similar specifications to the test 
thermometer but provided with an ice point. 

Where several thermometers make up a series 
or set for some specific method and these ther- 
mometers do not have ice points, a similar set 
may be provided with ice points, and these 
should be kept for use as reference standards for 
checking routine test thermometers. 

Detailed instructions for making such com- 
parisons and specifications for suitable test- 
ing apparatus, as well as other data on this 
subject, will be found in«.the paper by E. F. 
Mueller and R. M. Wilhelm, “Methods of Test- 
ing Thermometers,” Proceedings, Am. Soc. 
Testing Mats., Vol. 38, Parfl, p. 493 (1938). 



SpEcmcATiONS FOR A.S.T.M. Thermometers (E1-44T) 1569' 

EX}?LANATORy NOTE ON ICE PoiNT DETERMINATIONS OF GlASS THERMOMETERS. 


Two methods have been in use for deter- 
mining the ice point on thermometers graduated 
fractionally and with an open scale, such as 
those of the Kinematic type. One method re- 
quires that the thermometer remain at approxi- 
mately room temperature for 72 hr, before the 
ice point is taken. The other stipulates that the 
ice point reading be taken immediately or within 
a definitely stated short period after heating to 
the test tem{>erature. Changes in the correction 
of the thermometer may be observed by deter- 
mining the changes in the ice point by either 
method. 

Since it may not be practical to wait until the 
thermometer has rested for three or more days, 


the method as outlined below is suggested. 
These instructions are given in the form of a. 
note which should appear in the table of cor- 
rections for the thermometer. 

Note. — The tabulated corrections apply 
for the condition of immersion indicatedi 
provided the ice point reading taken after 

heating to for not less than three 

minutes is • • • • • . 

If the ice point reading (taken in not 
less than 2 min. and not more than .5 min. 
after removal of the thermometer from the 
heated bath) is found to be higher (or- 
lower) than stated, all other readings willl 
be higher (or lower) to the same extent.. 


(See Table I, pp. 1570 to 1574) 
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TABLE I.-REQUIREMENTS FOR A.S.T.M. THERMOMETERS, 


Name 

A.S.T.M. Kinematic 
Viscosity* 

A.S.T.M. Kinematic 
Viscosity* 

A.S.T.M. Kinematic 
Viscosity* 

A.S.T.M. Designation 

E1(28F-43T) 

E1(29F-43T) 

E 1 (30F - 43T) 


mercury 

mercury 

'mercury 


Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

For Tests at... 

97.5 to 102.5 F. 

100 F. 

127.5 to 132.5 F. 

130 P. 

207.5 to 212.5 F. 

210 F. 

Subdivisions 

0-1 F. 

0.1 F. 

0.1 F. 

Total Length 

240 to 245 mm. 
(9.45 to 9.65 in.) 

240 to 245 mm. 
(9.45 to9.65 in.) 

240 to 245 mm. 

(9.45 to 9. 65 in.) 

Stem Diameter 

6.5 to 7.5 mm. 
(0.256 to 0.295 in.) 

6.5 to 7.5 mm. 
(0.256 to 0,295 in.) 

6.5 to 7.5 mm. 
(0,256 to 0.295 in.) 

Bulb Diameter 

6.0 mm. 

(0.236 in.) to not 
greater than stem 

6.0 mm. 

(0.236 in.) to not 
greater than stem 

6.0 mm. 

(0.236 in.) to not 
greater than stem 

Bulb Length 

45 to 55 ram. 

(1.77 to 2.17 in.) 

45 to 55 mm. 

(1.77 to 2.17 in.) 

45 to 55 mm. 

(1.77 to 2.17 in.) 

Ice Point 

Range graduated 

Subdivisions 

Bottom of bulb to 32 F 

31.5 to 32.5 F. 

0.1 F. 

I 77 to 87 mm. 

1 (3.03 to 3.43 in.) 

31.5 to 32. 5 F. 

0.1 F. 

77 to 87 mm. 

(3.03 to3.43 in.) 

31.5 to 32.5 F. 

0.1 F. 

77 to 87 mm, 

(3.03 to 3.43 in.) 

Contraction Chamber 

Bottom of chamber 
to bottom of bulb, min. . . 
Top of chamber 
to bottom of bulb, max.. . 

100 mm. (3.94 in.) 

125 mm. (4.92 in.) 

100 mm. (3.94 in.) 

125 mm. (4.92 in.) 

100 mm. (3.94 in.) 

125 mm. (4.92 in.) 

Expansion Chamber 

permit heating to 
220 F. 

permit heating to 
220 F. 

permit heating to 
220 F. 

Bottom of Bulb to Graduation Line at 

Distance 

97.5 F. 

137 to 157 mm. 
(5.39 to 6. 18 in.) 

127.5 F. 

137 to 157 mm. 
(5.39 to 6. 18 in.) 

207.5 F. 

137 to 157 mm. 

(5.39 to 6. 18 in.) 

Top of Thermometer to Graduation Line at 

Distance 

102.5 F. 

27 to 47 mm. 

(1.06 to 1.85 in.) 

132.5 F. 

27 to 47 mm. 

(1.06 tol.8S in.) 

212. S F. 

27 to 47 mm. 

(1.06 to 1.85 in.) 

Top Finish 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines at Each 

0.5 F. 

0.5 F. 

0.5 F. 

Graduations Numbered at Each Multiple of 

IF. 

1 F. 

1 F. 

Immersion 

total 

total 

total 

Special Marking on Thermometer (See Section 7) . 

ASTM Kin Vis 

ASTM Kin Vis 

ASTM Kin Vis 

Scale Error at 

when standardized, shall not exceed 

100 F. 

0.10 F. 

130 F. 

0.10 F 

210 F. 

O.IOF. 

Standardization ■ 

The thermometers sha 
visco.sity test point 
immersion, expressi 
shall be added to tl 

ill be standardized at th 
(100, 130, or 210 F.) i 
id to the nearest 0.02 F 
le observed reading. 

e ice point, ^ and at the 
"or conditions of total 
'. and such corrections 

Marking on Case 

A.S.T.M. Kinematic 
Viscosity Ther- 
mometer 97.5 to 
102.5 F. 

A.S.T.M. Kinematic 
Viscosity Ther- 
mometer 127.5 to 
132.5 F. 

A.S.T.M, Kinematic 
Viscosity Ther- 

mometer 207.5 to 
212.S F. 


“ Thermometers ronforming to the requirements for A.S.T.M. Kinematic Viscosity Thermometers E 1 (2SF-39T), 
^ (30F-39T) formerly prescribed in the Tentative Specifications for A.S.T.M. Thermometers 
(A.S.T.M. Designation: E 1 -42 T), 1942 Book of A.S.T.M. Standards, Part II, p. 1408, Part III, p. 1555, shall be con- 
sidered as meeting these specifications. 

See Explanatory Note on Ice Point Determinations of Glass Thermometers which appears in the text. 
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TABLE I.-REQUIREMENTS FOR A.S.T.M. THERMOMETERS iConlinuedj. 


Nam- 

A.S.T.M. Aniline 
Point® 

A.S.T.M. Anilln® 
Point® 



E 1 (33C - 41T) 

E 1 (34G - 41T) 


T iz-iji 

mercury 

mercury 



nitrogen gas 

nitrogen gas 



-38 to -1-42 C. 

25 to 105 C. 



0.2 C. 

0.2 C. 



403 to 409 mm, 
(15.87 to 16.10 in,.) 

403 to 409.inra. 

(15.87 to 16.10 in.) 



6.0 to 7.0 mm. 
(0.236 to 0.276 in.) 

6.0 to 7.0 mm. 
(0.236 to 0.276 in.) 



S.O to 6.0 mm. 
(0.197 to 0.236 in.) 

S.O to 6.0 mm. 
(0.197 to 0.236 in.) 



10 to 20 mm. 

(0.39 to 0.79 in.) 

10 to 20 mm. 

(0.39 to 0.79 in.) 


Bottom of Bulb to Graduation Line at 

-38 C. 

101 to 115 mm. 
(3.98 to 4.53 in.) 

25 C. 

101 to 115 mm. 

(3.98 to 4.53 in.) 


Top of Thermometer to Graduation Line at 

Distance * 

42 C. 

25 to 45 mm. 

(0.98 to 1.77 in.) 

105 C. 

25 to 45 mm. 

(0.98 to 1.77 in.) 


Contraction Chnnibcr j 


b 


T* di'inibf?r 

yes 

yes 


™ *1 

glass ring 

glass ring 


Longer Graduation Lines at Each 

1C. 

1C. 

Graduations Numbered at Each Multiple of 

2C. 

2C. 

Immersion 

51 mm. (2 in.)‘ 

51 mm. (2 in.)* 

Special Marking on Thermometer (See Section 7) 

ASTM Aniline 
Point 

51mm. 1mm. 

ASTM Aniline 
Point 

51 mm. Imm. 

Scale Error at any point when standardized shall not exceed 

0.2 C. 

0.2 C. 

„ , .. . 

i 

i 



A.S.T.M. Aniline 
Point Thermometei 
-38 to -+-42 C. 

A.S.T.M. Aniline 
r Point Thermometer 
25 to 105 C. 

Marking on case • 


^ The top of the contraction chamber shall be not more than 3S mm. (1.38 m.) above the bottom of the bulb. The 
mercury should stand at approximately the center of the contraction chamber at 0 C. (32 F.K 

‘ A Tine around the stem SI mm. (2 in.) .above the bottom of the bulb shall be etched on the thermometer _ 

The aniline point thermometers shall be standardized for Sl-nim. or 2-m. immersion and for the follotving tem- 
peratures of the emergent mercury column: 

- 38 to -i- 42 C. 

Thermometer Average Tempera- 
Reading ture of Emergent 

Mercury Column 

-35 C., 5C. 

-20 C C. 


25 to iOS C. 

Thermometer Average Tempera- 


OC.. 


. .20 C. 
. .25 C. 
..30 C 


25 C... 
50 C... 
75 C... 
lOO C... 


..25 C. 
..40 C, 
..45 C. 
..45 C. 


M 
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TABLE I— REQUIREMENTS FOR A.S.T.M. THERMOMETERS {Continued). 


__ __ 

A.S.T.M, Aniline Point® 



El (35C-41 T) 


T 

mercury 



nitrogen gas 


fii TA TJnprvA 

90 to 170 C, 



0.2 C. 



403 to 409 mm. (15.87 to 16.10 in.) 


<5*-Arr. 

6.0 to 7.0 mm. (0.236 to 0.276 in.) 



5.0 to 6.0 mm. (0.197 to 0.236 in.) 



10 to 20 mm. (0.39 to 0.79 in.) 



90 C. 

101 to 115 mm. (3.98 to 4.53 in.) 



Top of Thermometer to Graduation Line at 

FlIcfflurA 

170 C. 

25 to 45 mm. (0.98 to 1.77 in.) 


Contraction Chamber 

b 


Expansion Chamber 

yes 


Top Finish * . • 

glass ring 


Longer Graduation Lines at Each 

1 C. 


Graduations Numbered at Each Multiple of 

2C. 

Inunerslon 

51 mm. (2 in.)® 


special Marking on Thermometer (See Section 7) 

ASTM Aniline Point 

SI mm. I mm. 

Scale Error at any point when standardized shall not exceed 

0.2 C. 

Standardization 



Marking on Case .1 

A.S.T.M. Aniline Point Thermom- 
eter, 90 to 170 C. 



“ Editorially revised in 1942. 

® The top of the contraction chamber shall be not more than 35 mm, (1.38 in.) above the bottom of the bulb. The 
mercury should stand at approximately the center of the contraction chamber at 0 C. (32 F.) . 

* A line around the stem 51 mm. (2 in.) above the bottom of the bulb shall be etched on the thermometer. 

“This thermometer shall be standardized for 51-mm. or 2-in. immersion and for the following temperatures of the 
emergent mercury column: 


Thermometer 

Reading 

100 C 

130 C 

160 C 


Average Temperature 
of Emergent 
Mercury Column 


60 C.’ 
50 C, 
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A.S.T.M. Solvents 
Distillation 

A.S.T.M. Solvents 
Distillation 

A.S.T.M. Solvents 
Distillation 

A.S.T.M. Designation 

E 1 (37G - 44T) 

E 1 (38C - 44T) 

E 1 (39C . 44T) 

Liquid 

mercury 

mercury 

mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

-2 to -f 52 C. 

24 to 78 C. 

48 to 102 C. 

Subdivisions 

0.2 C. 

0.2 C. 

0.2 C. 

Total Length 

380 to 385 mm. 

(14.96 to 15.16 in.) 

380 to 385 mm. 

(14.96 to 15.16 in.) 

380 to 385 mm. 

(14.96 to 15.16 in.) 

Stem Diameter 

6.0 to 7.0 mm. 

(0.236 to 0.276 in.) 

6.0 to 7.0 mm. 

(0.236 to 0.276 in.) 

6.0 to 7.0 mm. 

(0.236 to 0.276 in.) 

Bulb Diameter 

not greater 
than stem 

not greater 
than stem 

not greater 
than stem 

Bulb Length 

IS to 20 mm. 

(0.59 to 0.79 in.) 

15 to 20 mm. 

(0.59 to 0.79 in.) 

15 to 20 mm. 

(0.59 to 0.79 in,) 

Bottom of Bulb to Graduation Line at 

Distance 

-2C. 

125 to 145 mm. 

(4.92 to 5.71 in.) 

24 C. 

123 to 145 mm. 

(4.92 to 5.71 in.) 

48 C. 

125 to 145 mm. 

(4.92 to 5.71 in.) 

Top of Thermometer to Graduation 

Line at 

Distance 

52 C. 

25 to 45 mm. 

(0.98 to 1.77 in.) 

78 C. 

25 to 45 mm. 

(0.98 to 1.77 in.) 

102 C. 

25 to 45 mm. 

(0.98 to 1.77 in.) 

Contraction Chamber 

none 

“ 

0 

Expansion Chamber 

b 

b 

b 

Top Finish 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines at Each 

1C. 

1 C. 

1 C. 

Graduations Numbered at Each Multi- 
ple of 

2C. 

2C. 

2C. 

Immersion 

100 mm. (3.94 m.)“ 

100 mm. (3.94 in.)“ 

100 mm. (3.94 m.)“ 

Special Marking on Thermometer (see 
Section 7) 

ASTM Solvents Dist 
100 mm. Imm. 

ASTM Solvents Dist 
100 mm. Imm. 

ASTM Solvents Dist 
100 mm. Imm. 

Scale Error at any point when standard- 
ized shall not e,\'ceed 

0.2 C. 

0.2 C. 

0.2 C. 

Standardization 

d, e 

d. e 

d, e 

Marking on Case 

A.S.T.M. Solvents Dis- 
tillation Thermometer, 
-2 to -1-52 C.j 100-mm. 
immersion 

A.S.T.M. Solvents Dis- 
tillation Thermometer, 
24 to 78 C., 100-mm. 
immersion 

A.S.T.M. Solvents Dis- 
tillation Thermometer, 
48 to 102 C., lOO-mm. 
immersion 


“ The top of the contraction chamber shall be not more than 35 mm. (1.38 in.) above the bottom of the bulb. The 
mercury shall stand near the bottom of the contraction chamber at 0 C. 

^ The expansion chamber shall permit heating the thermometer at least 25 C. above the highest temperature on 

the srale.^^ covering only one-eighth of the circumference of the stem shall be etched on the front of the thermometer 
at 100 mm. (3.91 in.) above the bottom of the bulb. . , „ , 

For precautions to be observed in determining changes m bulb yolume 
of Changes of Bulb Volume of Glass Thermometers, which appears m the te.xt. 

“The A.S.T.M. Solvents Distillation Thermometers shall be standardized for lOO-i 


Explanatory Note on Periodic Checking 
(3,94-in.) immersion at the 


Standardization 

Temperature 

Average Tempera- 
ture of Emergent 
Mercury Column 

Standardization 

Temperature 

Average Tempera- 
ture of Emergent 
Mercury Column 

Standardization 

Temperature 

Average Tempera- 
ture of Emergent 
Mercury Column 

—2 to -1-52 C. Thermmneter 

24 to 78 C. Thermometer 

48 to 102 C. Thermometer 



50 C 30 C. 

SO C 25 C. 

75 C 30 C. 

50 C 25 C. 

7sc:::;:;;;::: 2s c. 

100 C 30 c. 
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TABLE 1. —REQUIREMENTS FOR A.S.T.M. THERMOMETERS (Concluded). 


Name • 

A.S.T.M. Solvents 
Distillation 

A.S.T.M. Solvents 
Distillation 

A.S.T.M. Solvents 
Distillation 

A.S.T.M. Designation 

El (40G-44T) 

E 1 (41C - 44T) 

E 1 (42C « 44T) 

Liquid 

mercury 

mercury 

mercury 

Filling above Liquid 

nitrogen gas 

nitrogen gas 

nitrogen gas 

Temperature Range 

72 to 126 C. 

98 to 152 C. 

95 to 255 C. 

Subdivisions ' 

0.2 C. 

0.2 C. 

0.5 C. 

Total Length 

380 to 385 mm. 

(14.96 to 15.16 in.) 

380 to 385 mm. 

(14.96 to 15.16 in.) 

380 to 385 mm. 

(14.96 to 15.16 in.) 

Stem Diameter 

6.0 to 7.0 mm. 

(0.236 to 0.276 in.) 

6.0 to 7.0 mm. 

(0.236 to 0.276 in.) 

6.0 to 7.0 mm. 

(0.236 to 0.276 in.) 

Bulb Diameter 

not greater 
than stem 

not greater 
than stem 

not greater 
than stem 

Bulb Length 

15 to 20 mm. 

(0..59 to 0.79 in.) 

IS to 20 mm. 

(0.59 to 0.79 in.) 

15 to 20 mm. 

(0.59 to 0.79 in.) 

Bottom of bulb to Graduation Line at — 
Distance 

72 C. 

125 to 145 ram. 

(4.92 to 5.71 in.) 

98 C. 

125 to 145 mm. 

(4.92 to 5.71 in.) 

95 C. 

125 to 145 mra. 

(4.92 to 5.71 in.) 

Top of Thermometer to Graduation 

Line at 

Distance 

126 C. 

25 to 45 mm. 

(0.98 to 1.77 in.) 

152 C. 

25 to 45 mm. 

(0.98 to 1.77 in.) 

255 C. 

25 to 45 mm. 

(0.9S to 1.77 in.) 

Contraction Chamber 




Expansion Chamber 

h 

'' 

b 

Top Finish 

glass ring 

glass ring 

glass ring 

Longer Graduation Lines at Each 

1 C. 

1 C. 

1 C, 

Graduations Numbered at Each Multi- 
ple of 

2C. 

2C. 

S C. 

Immersion 

100 mm. (3.94 in.)' 

100 mra. (3.94 in.)' 

100 mm. (3.94 in.)' 

Special Marking on Thermometer (See 
Section 7) 

ASTM Solvents Dist 
100 mm. Imm. 

ASTM Solvents Dist 
100 mm. Imm. 

ASTM Solvents Dist 
100 mm. Imm. 

Scale Error at any point when standard- 
ized shall not exceed 

0.2 C. 

0.2 C. 

0.5 C. 

Standardization 

d. e 

d, e 

(1, e 

Marking on Case 

A.S.T.M. Solvents Dis- 
tillation Thermometer, 
72 to 126 C., 100-mm. 
immersion 

A.S.T.M. Solvents Dis- 
tillation Thermometer, 
98 to 152 C., 100-ram. 
immersion 

A.S.T.M. Solvents Dis- 
tillation Thermometer, 
95 to 255 C., _100-mm. 
immersion 


“ The top of the. contraction chamber shall be not more than 35 mm. (1.38 in.) above the bottom of the bulb. The 
mercury shall stand near the bottom of the contraction chamber at 0 C. 

° The expansion chamber shall permit heating the thermometer at least 25 C. above the highest temperature on 


tne scale. 

° A line covering only one-eighth of the circumference of the stem shall be etched on the front of the thermometer 
at 100 mm. (3.94 in.) above the bottom of the bulb. 

“ For precautions to be observed in determining changes in bulb volume see Explanatory Note on Periodic Checking 
of Changes of Bulb Volume of Glass Thermometers, which appears in the text. 

“ The A.S.T.M. Solvents Distillation Thermometers shall be standardized for lOO-mm. (3.94-in.) immersion at the 
temperatures specified below and for the following average temperatures of the emergent mercury column: 


Standardization 

Temperature 

Average Tempera- 
ture of Emergent 
Mercury Column 

Standardization 

Temperature 

Average Tempera- 
ture of Emergent 
Mercury Column 

Standardization 

Temperature 

Average Tempera 
ture of Emergent 
Mercury Column 

72 to 126 C. Thermometer | 

98 to 152 C. 

Thermometer 

I 95 to^j55 C. Thermometer 

75 C 

30 C. 

100 C 

30 C. 

100 c 

30 C. 

100 C 

30 C. 

125 C 

35 C. 

150 C 

35 C. 



ISO C. 

35 C 






250 C 

45 C. 



Tentative Method of Test for 

PARTICLE SIZE DISTRIBUTION OF SUBSIEVE SIZE 
PARTICULATE SUBSTANCES' 



A.S.T.M. Designation: E 20 - 33 T 
Issued, 1933,* 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This method of test covers the pro- 
cedure for determining the particle size 
of particulate substances in absolute 
units, as far as the particle shape will 
permit. It is intended to cover the 
range of sizes between the 74-micron 
(No. 200) sieve and 0,2 micron. The 
method is applicable in its entirety to 
homogeneous materials. In the case of 
mixtures, the extent of application is 
limited by the properties of the com- 
ponents of the mixture. 

Definitions 

2. (a) Dispersion . — In microscopy it 
refers to the distribution of the indi- 
vidual particles. In statistical work it is 
measured by the standard deviation. 

Note. — B oth uses of the word seem too 
generally accepted to warrant a change in either. 

(b) Indwidml Particle . — Those mi- 
nute units of matter (of which the mate- 
rial is composed) whose size and shape 

* Under the standardization procedure of the Society, 
this method is under the jurisdiction of the , A.S.T.M. 
Committee E-1 on Methods of Testing. 

* Accepted by the Society at annual meeting, June, 
1933. Editorially revised and rearranged in 1939. 
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depend only on the force of cohesion. 
Such particles cannot be subdivided 
without separating like molecules that 
are within the range of the cohesive 
attraction of one another.® 

{c) Aggregate , — A group of two or 
more attached particles. 

Note. — ^There are three forms of aggregates: 
namely, ultimate working unit, flocculate, and 
apparent flocculate. 

{d) Ultimate Working Unit . — An in- 
dividual particle or any group of in- 
dividual particles that are so firmly held 
together by forces of adhesion that they 
remain intact as a group throughout the 
duration of their application. 

(e) Flocculate . — Flocculation occurs 
only where particles have been incor- 
porated in a liquid or plastic medium. 
A flocculate is a group of particles held 
together by a force apparently arising 
from interfacial tension. This force of 
flocculation is relatively weak, conse- 
quently flocculates do not function as 
large individual particles, and cannot be 
classified under ultimate working units. 

* Henry Green, Journal of Industrial Eygiene, Vol. 7, 
p. 155 (1925). 
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Under slight, continuously applied force 
flocculates are constantly breaking down 
and reforming. 

Apparent Flocculates as found in gas- 
floated or air-floated particles show a 
somewhat similar type of aggregation. 
Usually the force of attraction between 
the particles is relatively weak and the 
particles can readily be dispersed in suit- 
able media. For practical purposes, the 
more inclusive term, aggregate, is prefer- 
able to flocculate for gas-floated or air- 
floated particles. 

(/) Average Diameter . — The diameter 
of a hypothetical particle which, in some 
particular way, represents the total mass 
of particles. 

(g) Nonuniformity . — A nonuniform 
particulate substance is one in which the 
constituent particles differ from one 
another in diameters. 

Rough Separation of Sample into Size 

Groups 

3. (a) For pigments or other materials 
which are essentially less than 6 microns, 
separation of the sample is not necessary 
and the mount shall be prepared in 
accordance with Section 4. 

{b) For wide ranges of distribution of 
particle size in subsieve size portions, 
auxiliary separation into groups of sizes 
is necessary to facilitate measurement 
with the microscope. Rough separation 
is permissible as exact size measurement 
in microns follows. The following gen- 
eral ranges of particle diameter are 
proposed for the separation: 


A 24 microns and larger 

B 24 to 12 microns 

C. 12 to 6 microns 

D 6 to 0.2 microns 


For speciflc purposes A or D may be 
further separated. 

Note.— I f the sample contains particles 
larger than the 74-inicron (No. 200) sieve, the 


material shall be separated by sieving wet in a 
suitable fluid. The portion which passes the 
sieve may be recovered by evaporation of the 
fluid. The portion which remains on the sieve 
may be subjected when dry to a standard sieve 
test and additional material that passes the 
74-micron (No. 200) sieve added to that which 
is to be tested. 

(c) Separation of the sample shall be 
made by air or liquid elutriatioii or by 
sedimentation at room temperature. 
The volume of liquid in the elutriator or 
sedimentation apparatus should be be- 
tween 20 and 100 ml. per gram of solid. 
With finer particles and with material 
of lesser density the greater volumes 
should be used. The technique involved 
in the elutriation or settling is neces- 
sarily influenced by the t3ipe of material 
being measured and the dispersing 
liquids. The size of the vessel and dis- 
persion will be specified in terms of the 
uniformity obtained. The microscope 
measurement will be used as a check 
upon the effectiveness of the separation. 
For accurate results at least 50 per cent 
by weight must fall within the bound- 
aries of the suggested ranges set for the 
elutriation. Of the material falling out- 
side the boundaries, not over 5 per cent 
by weight may fall outside of a range 
which is one half of the lower limit and 
twice the upper limit of the range under 
consideration. 

(d) The fluid used in the elutriation or 
sedimentation shall contain no dissolved 
solids which would influence the weight 
determination of a given portion, that is, 
the fluid shall be 100 per cent volatile. 
It shall not react chemically with the 
material being elutriated. Water, kero- 
sine, alcohols, and the like may be used. 
It is suggested that the filtering of any 
elutriator portion should be through 
alundum to avoid contamination of the 
sample with paper or pulp fibers. As an 
alternative, the solid may be recovered 
from each stage of the elutriator by 
evaporation of a concentrated slurry, 
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provided the temperatures used for the 
evaporation do not alter the specific 
product. The total weight of the por- 
tions recovered shall check within 5 per 
cent the weight of material initially 
placed m the elutriator. 

(e) All limits are specified to insure 
good microscopic technique. Good elu- 
triation technique for analytical pur- 
poses falls well within these limits. 

Note. — Quite obviously, materials contain- 
ing components of difierent densities will 
elutriate or settle in ranges of low uniformity. 
The present requirements can only be applied 
when the material meets the requirements for 
homogeneity. If the materials can be readily 
identified under the microscope, they may be 
measured individually and the results con- 
sidered as exact, notwithstanding wide differ- 
ences in density between two materials which 
may cause lack of uniformity. In other cases, 
such as cement or coal, where the presence 
respectively of gypsum and ash constituents may 
affect the test, these effects maybe considered 
negligible for the normal type of products. 

Preparation of Mount 
4. Any one of a number of methods of 
preparing the mount may be used, the 
criterion of suitability being conformity 
to the following requirements: 

The particles shall be essentially m 
one plane. 

The particles shall be free from 
motion. 

The particles shall be dispersed, 
showing individual grains instead of 
aggregates and flocculates. 

The particles shall not be ground in 
mounting. 

The mount shall be truly represent- 
ative of tlie distribution of sizes in 
the material. 

The mounting medium shall be 
selected to give maximum definition. 
(a) Fine Materials^ Pigments, etc . — 
The type of mount that should be used 
depends on the physical properties of the 
particles, and fot this reason no definite 


requirements are specified. The general 
procedure shall be to place the material 
being tested on a microscope slide, and 
then to rub it out in a solution of gum or 
resin in a solvent until the particles are 
well dispersed. After the solvent has 
evaporated, the nonvolatile constituent 
of the dispersing agent serves to cement 
the particles to the slide in the dispersed 
state. 

Note. — Detailed technique will be found in 
the work of Dunn* and Green.® The former 
uses balsam in xylol, and the latter turpentine 
and dammar. Other mounting media sug- 
gested are 0.5 per cent glycerol in alcohol, 
rubber cement, styrax in xylol, and the chlo- 
rinated naphthalenes and saponin. 

(&) Coarse Material, Ground Prod- 
ucts, etc. — In the case of coarse materials 
it is often advantageous to use the so- 
called dry mount, in which the dispersing 
agent used is volatile and can be driven 
off after the material has been dispersed 
on the slide. The uniformity of the 
mount when examined microscopically 
is the best criterion of an acceptable 
mount. 

Procedure 

5. {a) Direct Observation Method . — 
Direct observations using the Filar 
micrometer® has been used with fair 
success and reasonable degree of accu- 
racy on the coarser fraction of particu- 
late substances. The Filar micrometer 
is an attachment which fits into the 
draw tube of the microscope and is 
fitted with a Ramsden-type eyepiece 
which permits focusing on a movable 
cross hair activated by a micrometer 
screw. This intrument permits direct 
measurement of the particle as viewed 
on the slide. This method, however, is 

* E. T- Dunn, Jr., Industrial and Engineerirtg Chmislry, 

AnalyticalEdition,Vol.2,p.lS(1930). . . 

* Henry Green, Industrial and Engineering Chemistry, 

Vol. 16, No. 7, p. 667 (1924). ■ . , ,, , 

« J. C. Pearson and W. H. Sligh, National Bureau of 
Standards Technological Paper N o. 48 (191S). 
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not recommended for materials in the 
0,2 to 6 micron class size. 

(h) Projection Method . — The projec- 
tion method** which involves throwing 
the image of the particle on a screen has 
several distinct advantages. It further 
magnifies the image and permits focusing 
through the depth of the mount, insuring 
a proper focus and count of all the 
particles. 

{c) Photomicrographic Method . — The 
photomicrographic method,’-® which in- 
volves taking a photomicrograph of the 
particles and subsequently measuring 
them on a print or by projecting the 
negative on the screen, is also recom- 
mended. This method has the very 
decided advantage of making a perma- 
nent record of the sample and permits 
eye comparisons of two or more samples. 
In the use of this method it is extremely 
important that the mount be made 
according to the procedure outlined 
under the method of Green’ and fulfill 
the requirements specified there. 

Measurement of Diameter 

6. In each of the three procedures re- 
ferred to in Section 5 the horizontal 
diameter shall be measured unless the 
particles are very uniform in shape, and 
in that event a diameter which most 
nearly represents the average shall be 
selected. For irregularly shaped parti- 
cles, the horizontal diameter splitting the 
particle in half in one direction con- 
sistently maintained has been shown® to 
give fairly consistent and accurate 
results. For flat plates, it is necessary 
to consider the third dimension for 
accurate results. In any case, in report- 
ing results, the diameter measured shall 
be specified. 

’Henry Green, Journal, Franklin Inst., Vol. 192, 
9. 637 (1921). 

“ Sheppard and Lambert— not yet published. 

9 Martin, Jowrrtal, Am. Ceramic Soc., Vol. 23, p. 6 
(1924). 


Scale Limits for Measurement 

7. (a) If more than 10 per cent by 
weight is coarser than 6.00 microns, the 
sample shall be elutriated prior to mi- 
croscopic measurement. A graded scale 
for microscopic sizing is as follows : 

Diameter Range in Microns 
General Case Special Case 

(20 per cent or more (Less than 20 per cent 

under 6 microns) under 6 microns) 

72 to 60 
60 to 48 
48 to 36 
36 to 24 
24 to 18 
18 to 12 
12 to 9 
9 to 6 

Same Scale and 


6.00 

1 to 5,00 

6 to 

4.5 

5,00 

1 to 4.00 

4.5 to 

3 

4.0 

to 3.5 

3 to 

1.5 

3.5 

to 3.0 

1.5 to 

0 

3.0 

to 2.5 



2.5 

to 2.0 



2.0 

to 1.8 



1.8 

to 1.6 



1.6 

to 1.4 



1.4 

to 1 .2 



1.2 

to 1.0 



1,0 

to 0.9 



0.9 

to 0.8 



0.8 

to 0.7 



0.7 

to 0,6 



0.6 

to 0.5 



0.5 

to 0.4 



0.4 

to 0.3 



0.3 

to 0.2 



0,2 





{b) Two hundred and fifty particles 
shall be measured in each of three fields 
taken at random. 

(c) The magnification shall be de- 
pendent on the class size being measured, 
and shall be sufl&cient to permit the 
differentiation specified above. 

Expression of Results 

8. Results shall be expressed using 
one or more of the following average 
diameters: 


Average 

Diameter 

To Be Used: 

Formula 

di 

As aritliraeti(#al 



mean 


I, 

To determine ^ 



when p is known 
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;r To Be Used: 

To determine vol- 
ume or weight 
distribution 

To determine N 
when p is known 

To determine 5' 
when N is known 


T - 




Mg 


As geometric mean 
or median log ^ 


log A 
Xn 

Symbols: 

Sm = specific surface in square meters per 
gram, 

~ specific surface in square meters per 
cubic centimeter, 

Nm = number of particles per gram, 

Ng = number of particles per cubic centi- 
meter, 

S» = number of particles in any given mass, 
p = density of the material, 
d = arithmetic standard deviation, 

Og s= geometric standard deviation, and 
P.E, == probable error. 

Report 

9. (a) If 90 per cent by weight fall in 


any one class size, a frequency curve 
shall be given. 

(&) In the 0 to 6-micron class, either a 
frequency curve or the distribution by 
weight shall be reported. 

(c) In elutriated products, weight 
distribution shall be expressed and re- 
ported as follows: Weight distribution 
shall be the basis of comparison for all 
elutriated samples. The weight dis- 
tribution for each elutriated portion 
shall be calculated on the basis of 
spherical particles, using the arithmetic 
mean of the microscopic class interval 
as the average diameter for all particles 
in that range. Each of the elutriated 
fractions shall total in weight distribu- 
tion to the percentage retained in the 
elutriator and the composite curve shall 
be a summation of the distribution 
values in each range. The degree of 
overlapping is a measure of the efficiency 
of the elutriation, and it shall not be 
abnormal in amount. 


Tentative Method of Test for 
SOFTENING POINT^ 

BALL AND SHOULDERED RING APPARATUS 



A.S.T.M. Designation: E 28-42 T 
ISSOTD, 1936; Revised, 1939, 1942.® 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revision 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. (a) This method of test for soften- 
ing point by ring-and-ball method is 
applicable to asphalts, tars, pitches, 
rosins, and most resins both natural and 
synthetic. 

(6) Softening Point . — In general, with 
materials of this type, softening does not 
take place at a definite temperature. 
As the temperature rises, these materials 
gradually and imperceptibly change from 
brittle or exceedingly thick and slow 
flowing materials to softer and less vis- 
cous liquids. For this reason the de- 
termination of the softening point must 
be made by a fixed, arbitrary, and closely 
defined method if the results obtained 
are to be comparable. 

Apparatus 

2. The apparatus shall consist of the 
following: 


Under the standardization procedure of the Society, 
this method is under the jurisdiction of the A.S.T.M. 
Committee E-1 on Methods of Testing. 

» The ring-and-ball method was firststandardizedby the 
Society’s Committee^ D-4 on Road and Paving Materials 
as applying to bituminous materials and issued under the 
A.S.T.M. Designation D 36. The present method is an 
extension and modification of the ring-and-ball method to 
make it applicable to materials other than bituminous 
materials as well. 


(a) Ping . — A brass shouldered ring 
conforming to the dimensions (Note) 
shown in Fig. 1 (a). The ring may be 
attached, by brazing, to a No. 11 B. & S. 
gage brass wire (diameter 2.31 mm. = 
0.091 in.), (see Fig. 2). 

Note. — The tapered ring formerly specified 
in the Tentative Method of Test for Softening 
Point (Ball and Tapered Ring Apparatus) 
(A.S.T.M. Designation: E 28 - 39 T) of the 
American Society for Testing Materials,® may 
be used interchangeably with the shouldered 
ring. 

(Z>) Ball.— A steel ball, 9.53 mm. (| in.) 
in diameter weighing between 3.45 and 
3.55 g. 

(c) Ball Guide . — A ball guide for cen- 
tering the balls, constructed of brass, 
and having the shape and dimensions 
illustrated in Fig. 1 (c). 

(d) Container . — A glass vessel, capa- 
ble of being heated, not less than 8.5 
cm. (3| in.) in diameter and not less 
than 10.5 cm. (4| in.) in depth from the 
bottom of the flare. (A 600-ml. low- 
form Griflfin beaker mOets this require- 


* 1939 Book of A.S.T.M. StanSards, Part 11, p. 1169; 
Part in, p, 1127. 
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ment. For use with the ring holder an 
800-ml tail-form beaker is convenient.) 

(e) Support for Ring and Thermom- 
eter —Any convenient method for sup- 
porting the ring and thermometer may 
be used (see Figs. 2, 3, and 4) provided 
it meets the following requirements: The 
ring shall be supported in a substantially 


the upper surface of the lower horizontal 
plate; the lower horizontal plate shall 
be at least 1.3 cm. (^ in.) above the 
bottom of the glass vessel. The ther- 
mometer shall be suspended so that the 
bottom of the bulb is level with the 
bottom of the ring and within 1.0 cm. 
(I in.) but not touching the ring. For 



Note: This diomef-er fo be 
sUghHy (approximafely 0.002") , , 
larger than %" to allow phcingt^ 
and centering Va" steel ball. V 


'Rounded Fillet 


(a) Shouldered Ring, 


dote --This diameter fo be 
full fo permit insertion 
of ring. 




Inside ^ Diameter Full §§■' 
to slide over ring 

Note '.-For use with the single 
ring holder, Fig. 2, a notch 
should be_ cut out in lower 
edge to fit over the wire 
support. 

(c) Ball Centering Guide. 


(b) Ring Holder. 

Fig. 1. — Shouldered Ring, Ring Holder, and Ball-Centering Guide. 


horizontal position. The top of the 
ring shall be at least 7.6 cm. (3.0 in.) 
below the top of the container and at 
least S.l cm. (2.0 in.) below the surface 
of the heating liquid. Using the appa- 
ratus in Fig. 1, the bottom of the ring 
shall be 2.5 cm. (1.0 in.) above the bot- 
tom of the glass vessel If the ring 
holder is used (se« Fig. 3), the bottom of 
the ring shall be 2.5 cm. (1.0 in.) above 


referee work the ring holder shall not 
carry more than two rings. 

(/) Thermometers. — (i) An A.S.T.M. 
Low Softening Point Thermometer, 
graduated in either Centigrade or Fahr- 
enheit degrees as specified, having a 
range of —2 to -+-80 C. or -1-30 to -+-180 
F. and conforming to the requirements 
for this thermometer as prescribed in 
the Standard Specifications for A.S.T.M. 
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Thermometers (A.S.T.M. Designation: a manner as will avoid the inclusion of 
El) of the American Society for Test- the surface layer. A quantity at least 
ing Materials.'^ twice that necessary to fill the desired 

(2) An A.S.T.M. High Softening number of rings, and in no case less than 
Point Thermometer, graduated in either 40 g., shall be melted immediately in a 
Centigrade or Fahrenheit degrees as clean container, using an oven, hot 
specified, having a range of 30 to 200 C. plate, sand or oil bath to prevent local 



Assembly ' 

of Apparafue. Balt. 

Fig. 2. — Assembly of Apparatus, Showing Single Shouldered Ring. 


or 85 to 392 F. and conformmg to the 
requirements for this thermometer as 
prescribed in Standard Specifications 
E 1.^ 

Preparation of Sample 

3. (a) The sample shall be selected 
from the material to be tested in such 

Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


overheatmg. Care shall be taken to 
avoid incorporating air bubbles in the 
sample which shall not be heated above 
the temperature necessary to pour the 
material readily without inclusion of air 
bubbles. The time from the beginning 
of heating to the pouring of the sample 
shall not exceed 15 min. 

(b) Immediately bSore fiUmg the 
rings, they shall be preheated to ap- 
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proximately the temperature at which 
the material is to be poured. The 
rings, while being filled, should rest 
on an amalgamated brass plate. 
The quantity of material poured into 
the rings shall be such that- after 
20-min. cooling at room temperature of 
materials with softening points below 
80 C. (176 F.) and 40-min. cooling for 
materials of higher softening point, an 
excess amount will remain which shall 
then be cut off cleanly with a slightly 
heated spatula. For routine testing this 
period of time may be curtailed accord- 
ing to the characteristics of the material 



Fig. 3.— -Assembly of Apparatus, Showing 
Two Rings. 

under test. In case the test is to be re- 
peated, a clean container and fresh 
sample shall be used. 

Procedure 

4. (a) Assembling Apparatus . — The 
glass container shall be filled to a depth 
not less than 9 cm. (3.5 in.) with freshly 
boiled distilled water (or with glycerol 
for materials melting above 80 C. (176 
F.)) which has been cooled to not less 
than 45 C. (113 F.) below the anticipated 
softening point but in no case lower than 
5 C. (41 F.) for materials melting below 
80 C. (176 F.) and in no case lower 
than 35 C. (95 F^ for materials melting 
above 80 C. (176 F.). Provision shall 


be made for centering the ball on the 
upper surface of the sample, either by 
use of the ball guide or by making a 
slight indentation in the center of the 
sample. The latter may be done by 
pressing the ball or a rounded rod into 
the material at this point. In the case 
of hard materials the rod may be heated. 
The ring containing the sample and ball 
guide, if used, shall be suspended in the 
water so that the lower surface of the 



Fig, 4. — Assembly of .Apparatus, Showing 
Four Rings. 

filled ring is 2.5 cm. (1 in.) above the 
bottom of the glass container (Fig. 2) or 
2.5 cm. above the upper surface of the 
lower horizontal plate which is at least 
1.3 cm. (I in.) above the bottom of the 
glass vessel (Fig. 3) and so that its upper 
surface is at least 5.1 cm. (2 in.) below 
the surface of the water. The ball shall 
be placed in the water but not on the 
specimen. The thermometer shall be 
suspended so that the bottom of the 
bulb is level with the bottom of the ring 
and within 1.0 cm. (f in.) but not touch- 
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ing the ring. The initial temperature 
shall be maintained for 15 min. With 
suitable forceps the ball shall be placed 
in the center of the upper surface of the 
material in the ring. 

(b) Beating . — To facilitate uniform 
heating, the burner shall be placed mid- 
way between the center and the edge of 
the beaker on a diameter at right angles 
to the diameter which includes the ring 
or rings and the thermometer bulb. The 
effect of drafts on uniformity of heating 
must be eliminated, using shields if 
necessary. The heat shall be applied 
in such manner that the temperature of 
the bath is raised 5 C. (9 F.) each 
minute. 

(c) Permissible Variation in Rise of 
Temperature . — The rate of rise of tem- 
perature shall be uniform and shall not 
be averaged over the period of the test. 
The maximum permissible variation for 
any minute period after the fii*st three 
shall be plus or minus 0.5 C. (0.9 F.). 
All tests in which the rate of rise exceeds 
these limits shall be rejected. 

Softening Point 

5. {a) The temperature reading to one- 
half of the smallest scale division in- 
dicated by the thermometer at the in- 
stant the sample touches the bottom 
of the container (or the lower horizontal 
plate) shall be taken as the softening 


point. No corrections shall be made 
for emergent stem of the thermometer. 

(&) For materials softening around 80 
C. (176 F.) the nature of the bath fluid 
(water or glycerol) shall be reported, 
since a glycerol bath yields slightly 
higher results than a water bath. 

Precautions 

6. {a) The use of freshly boiled dis- 
tilled water is essential, as otherwise air 
bubbles may form on the specimen and 
affect the results. Rigid adherence to 
the prescribed rate of heating is abso- 
lutely essential for reproducibility of 
results. 

{b) A thin, amalgamated copper plate 
or a sheet of filter paper placed on the 
bottom of the glass vessel will prevent 
the material from sticking to the bottom 
of the glass vessel, thereby saving con- 
siderable time and trouble in cleaning. 

{c) In order to insure uniform heat 
distribution at all times throughout the 
bath, a mechanical stirrer should be 
used. 

Reproducibility of Results 

7. With care and proper attention to 
details, duplicate determinations of soft- 
ening point by this method should not 
differ by more than 1.0 C. (1.8 F.). 



Tentative Recommended Practices for 

DESIGNATION OF NUMERICAL REQUIREMENTS IN 
STANDARDS! 



A.S.T.M. Designation: E 29 - 40 T 
ISSITED, 1940.S 

These Tentative Recommended Practices of the American Society for Testing 
Materials are, under its Regulations, subject to annual revision. Suggestions for 
revision should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. {a) These recommended practices 
are intended to assist the various stand- 
ing committees in the use of uniform 
terms and conventions in expressing 
numerical requirements in specifications 
and methods of testing. Their aim is 
to outline practices which should aid 
in clarifying the intended meaning of 
limiting values, with which test values 
are compared in acceptance and rejec- 
tion of material. Certain nonnumerical 
terms closely related to numerical ex- 
pressions are also included. 

{h) These practices are not intended 
to be used in the interpretation of speci- 
fications which do not definitely call for 
their use. The provisions of these prac- 
tices apply to the Society’s standards 
as they bear on the acceptance and re- 
jection of material, however, when such 
standards make definite reference to the 
practices as covered in Section 2. 


1 Under the standardization procedure of the Society, 
these recommended practices are under the jurisdiction 
of the A.S.T.M. Committee E-1 on Methods of Testing. 

s Accepted by the Soc^ty at annual meeting, June, 
IWO. 


(<;) Definite interpretations are as- 
signed to the following: 

(i) The phrase “to the nearest 

” when applied to a specified 

limit (see Section 4 {a)). 

{2) The underlining of figures in a 
specified limit, for example, “ 1.50Q ” 
(see Section 5 (<z)), 

(d) The symbol “±” when applied 
to a specified value of maximum per- 
missible deviation (see Section 8 {b)). 

(4) The term “average” (see Sec- 
tion 9 (a)). 

Reference to These Practices in 
Standards 

2. The inclusion of the following para- 
graph, or a suitable equivalent, in any 
standard (preferably immediately after 
the section on “Scope”) shall constitute 
due notification that numerical require- 
ments in that standard are subject to 
the interpretations set forth in these 
recommended practices: 

Interpretaiion of Numerical Requirements . — 
The numerical requirements of this standard are 
subject to the interpretations set forth in the 
1585 
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Tentative Recommended Practices for Designa- 
tion of Numerical Requirements in Standards 
(A.S.T.M. Designation: E 29) of the American 
Society for Testing Materials. Particular at- 
tention is called to the use of — (insert one of the 

foUowing: (1) the phrase “to the nearest 

(2) underlining; (j) underlining and use of the 

phrase “to the nearest ”) — in expressing 

specified limits. 

Expression of Numerical Requirements 

3. (a) The unqualified statement of a 
numerical limit, such as “2.50 in. max.”, 
cannot, in view of different established 
practices and customs, be regarded as 
carrying a definite operational meaning 

(i) as to the number of places of figures 
to be read on the scale of measurement, 
or (2) as to the number of places of 
figures to be retained in an observed or 
calculated value for purposes of accept- 
ance and rejection. 

Measurement . — In some fields, specified 
values of 2.5 in. max., 2.50 in. max., 2.500 in. 
max., are taken to imply that a length deter- 
mination should be made to the nearest 0.1 in., 
0.01 in., 0.001 in., respectively. In other fields, 
no such significance is attached to this differ- 
ence of expression. 

Acceptance and Rejection . — In some fields, 
specified values of 2.5 in. max., 2.50 in. max., 
2.500 in. max., are taken to imply that for pur- 
poses of acceptance and rejection, observed 
values or calculated values should be rounded off 
to the nearest 0.1 in., 0.01 in., 0.001 in., re- 
spectively. In other fields, these three specified 
values are taken to imply the same absolute 
limit of two and one-half inches and that no 
deviation, however small, in excess of this value 
is allowed. 

{b) Clear meaning on these points can 
be assured only by specifying the follow- 
ing operations: 

(^) Eow measurement values are 
to he obtained, and 

{B) How the observed values or 
calculated values are to be handled 
when they are compared to specified 
values in determining acceptability of 
material. 

(c) In specifying operation (.4) the 
following items should be included: 


(1) The test or analytical method 
to be followed, 

(2) The t 3 q)e of measuring device 
to be used, 

(3) The units of measurement to 
be used, and 

(4) The number of places of figures 
to be read on the scale of measure- 
ment. 

(d) Methods of specifying operation 
(B) are given in the following Paragraphs 
(e) to (g). 

(e) The numerical requirements 
should be so expressed that the number 
of places of figures to be considered 
significant for purposes of acceptance 
and rejection are clearly indicated. 

(/) If all places of figures in an ob- 
served or calculated value are to be 
considered significant for purposes of 
acceptance and rejection, this intent may 
be made clear by a direct statement in 
the standard, such as: “Observed or 
calculated values should not be rounded 
off but should be compared directly with 
specified values, for purposes of accept- 
ance and rejection.” 

(g) If a limited number of places of 
figures in an observed or calculated 
value are to be considered significant 
for purposes of acceptance and rejec- 
tion, this intent may be expressed by 
the use of the phrase “to the nearest 
as follows: 

Carbon (to the nearest 0.01 

per cent) 0.20 per cent, min. 

Tensile strength (to the 
nearest 100 psi.) 62 000 psi., min. 

When the use of the phrase “to the 

nearest. ” is not practicable, the 

number of figures to be considered 
significant may be indicated by a direct 
statement or by underlining the sig- 
nificant places, as follows: 

Carbon. ^0.20 per cent, min. 

Tensile strength 62 00 0 psi., min. 
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Meaning of Phrase “to the nearest...;.” 

4. (a) The phrase, “to the nearest 10, 
1, 0.1, 0.01, etc.,” when applied to speci- 
fied limits, shall be interpreted to 
have the meaning that an observed 
value or a calculated value is, for pur- 
poses of acceptance and rejection, to be 
rounded off to the nearest unit in the 
place occupied by the digit 1 in the 

phrase “to the nearest that is, 

shall be rounded off to the nearest digit 
in the last right-hand place of figures 
considered significant. 


Specified Limit 

Observed Value or 
Calculated Value 

Rounded-off Value 
to be Used for Ac- 
ceptance Purposes 

Conforming to Speci- 
fied Limit 

Tensile Strength 

60 000 psi,, 

59 940 

.59 900 

No 

(to the nearest 

min. 

59 950 1 

60 000 

Yes 

iOO psi.) 


.19 960 

60000 

Yes 

Tensile Strength 

60 S(K) psi.. 

60 440 

60 400 

No 

(to the nearest 


60 450 

60 400 

No 

iOO psi.) 


60 460 

60 500 

Yes 

Antimony (to the 

; 0.90 per 

0.894 

0.89 

No 

nearest 0.01 per 

cent, rain. 

0.895 

0.90 

Yes 

cent) 


0.896 

0.90 

Yes 

Antimony (to the 

0.91 per 

0.904 

0.90 

No 

nearest O.OI per 


0.905 

0.90 

No 

Cent) 

j cent, min. 

0.906 

0.91 

Yes 


NoxE.~The final rounded-off value should be obtained 
from the most precise value available and not from a series 
of successive rounded-off values; for example, 59,490 psi. 
to the nearest 100 and then to the nearest 1000 psi. be- 
comes 59,.500 and 59,000 (not 60,000) psi., respectively, 
since the most precise value available is less than 59,500. 

(b) The actual rounding-off procedure 
shal be carried out as follows:^ 

(1) When the figure next beyond 
the last figure or place to be retained 
is less than 5, the figure in the last 
place retained should be kept un- 
changed. 

(2) When the figure next beyond 
the last figure or place to be retained 
is more than 5, the figure in the last 
place retained^ should be increased 
by 1. 


sThis rounding-off procedure agrees with that adopted 
in the American Standard Rules for Rounding Off Numeri- 
cal Values (ASA No: Z2S.1-1940). 


(3) When the figure next beyond 
the last figure or place to be retained 
is 5, and 

(a) there are no figures, or only 
zeros, beyond this S, if the figure 
in the last place to be retained is 
odd, it should be increased by 1; 
if even, it should be kept un- 
changed; 

(b) if the 5 next beyond the 
figure in the last place to be re- 
tained is followed by any figures 
other than zero, the figure in the last 
place retained should be increased 
by 1, whether odd or even. 

The above rules for rounding off may be re- 
stated as follows: 

(d) The figure in the last place to be 
retained should be kept unchanged (a) 
when the figure in the next place is less 
than 5; (b) when the figure in the next 
place is 5 followed by no other figures 
or by only zeros, and the figure in the 
last place retained is even. 

(B) The figure in the last place to be 
retained should be increased by 1, (a.) 
when the figure in the next place is 
more than 5; (b) when the figure in the 
next place is 5 followed by no other fig- 
ures or by only zeros, and the figure in 
the last place retained is odd; (c) when 
the figure in the next place is 5, fol- 
lowed by any figure or figures other 
than zero. 

(c) If it should be necessary to 
round off to the nearest 50, 5, 0.5, 0.05, 
etc., this can be done by the application 
of the same general principles used above 
except that in case of observed or calcu- 
lated values that are exactly half-way 
between two rounded-off values, the 
rounding off is done step-wise, that is, 
in two successive steps; for example, 
6025 to the nearest 50 first becomes 6020 
(Section 4 (6), item (3) (a)), which in turn 
becomes 6000; while 6075 to the nearest 
50 first becomes 6080 (Section 4 (6), item 
(3) (a)), which in turn becomes 6100. 
Meaning of the “Underlining” Symbol 
5. (a) Underlining, when applied to 
specified limits shall be interpreted to 
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Eave the meaning that an observed value 
or a calculated value is, for purposes of 
acceptance and rejection, to be rounded 
off to the nearest unit in the last right- 
hand place of figures underlined. 

(b) Thus underlining is the simple 
equivalent of the phrase “to the nearest 
10, 1, 0.1, 0.01, etc.” 

Use of the Phrase “to the nearest....” 

and of the Underlining Symbol 

6. (a) The use of the phrase “to the 
nearest ” (or of underlining) in desig- 

nating specified limits, in effect specifies 
that the operation of “rounding off” 
observed or calculated values shall be 
considered applicable in determining 
whether those values are conforming or 
nonconforming with the specified limit. 

(b) It is recommended that the round- 
ing-off method as indicated by the use 

of the phrase “to the nearest ” (or 

by underlining) be employed as widely 
as possible in designating limits for 
dimensions. In view of the fact that 
well established gage tolerances and 
other practices in some fields do not 
employ the principle of “rounding off” 
here discussed, the use of the phrase “to 

the nearest ” (or of underlining) 

may not be considered universally 
applicable to all dimensional require- 
ments. Where other procedures are to 
be used, it is recommended that the 
standard contain a direct statement as 
to the practice intended by the com- 
mittee originating the specification. 
Clear expression on this point should 
aid in preventing misunderstandings 
and disagreements in instances where 
observed values are marginally close to 
specided values. 

(c) It is recommended that the phrase 

“to the nearest ” (or underlining) be 

used generally in designating percentage 
chemical composition requirements, and 
that the number of decimal places used 
in expressing limiting values be the same 
as the number of decimal places to be 


considered significant for purposes of 
acceptance and rejection. 

(d) In the interests of simplicity of ex- 
pression, a general statement, used as a 
caption or a footnote, should be used in 
preference to repetitions of the phrase 

“to the nearest ” (or to repeated 

underlining) in instances where the 
“rounding-off” method is to be specified 
for a large number of similar require- 
ments. Suggestions as to how this may 
be accomplished are given in the follow- 
ing examples: 

(1) If the rounding-off method is to apply 
to all specified limits in the standard and if 
all expressed figures are to he considered significant, 
this may be indicated by adding the following 
sentence to the notification paragraph given in 
Section 2, as follows: 

The following applies to ail specified limits 
in this standard; For purposes of acceptance 
and rejection, an observed value or a calculated 
value should be rounded off “to the nearest 
unit” in the last right-hand place of figures used 
in expressing the limiting value. 

(2) If the rounding-off method is to apply 
to all specified limits in a table, this may be in- 
dicated by a caption or by a footnote in the 
manner indicated in the following examples: 

Example 1 . — Same significant places for all items 
in a table (illustrating the use of a caption) . 

Chemical Composition 
per cent (to the 
nearest O.l per cent) 

Copper 4.5 ± 0.5 

Iron 1.0 max. 

Silicon 2.5 ± 0.5 

Other constituents (magne- 
sium -f- zinc -{- manga- 
nese) 0.5 max. 

Aluminum remainder 

Example 2 . — Same significant places for all items 
in a table, with one or two exceptions 
(illustrating the use of a caption and a 
footnote). 

Chemical Composition, 
per cent (to the 
nearest 0.1 per cent) 


Aluminum 

6.0 ± 0.7 

Zinc 

3.0 ± 0.5 

Manganese 

0.15 min.“ 

Copper 

0.05 max.“ 

Silicon ^ 

0.5 max. 

Other constituents (cadmium 


-f tin ■+• nickel) (nickel 


0.03 max.®) ** 

0.3 max. 

Magnesium 

remainder 


“ To the nearest 0.01 per cent. 
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Example J— Significant places not the same for 
all items in a table (illustrating the use 
of a footnote). 


Nickel..... 

Chromium. 

Manganese. 

Silicon 

Carbon 

Sulfur 

Iron 


Chemical Composition, 
per cent 
Min. Max. 


57 

14 18 

3 

0.40 

0.25 

0.03 

remainder 


Note.— 1 he following applies to all numerical require- 
ments in this table: For purposes of acceptance and rejec- 
tion, an observed value or a calculated value obtained 
from an analysis should be rounded off “to the nearest 
unit” in the last right-hand place of figures used in ex- 
pressing the limiting value. 


Decimals 


7. Decimals are preferred to fractions 
in expressing numerical requirements, 
where practicable. It is recognized that 
the use of inches and fractions of inches 


is standard practice in specifying dimen- 
sions for some materials and products. 


Limits 

8. {a) Specifications should indicate 
limits to the range of permissible varia- 
tions of acceptable material. These may 
be expressed by the use of maximum 
and minimum values, or permissible plus 
and minus deviations from a specified 
value. 

{h) Double Limits With Preference . — 
If there is a preferred value, it should be 
indicated together with maximum and 
minimum values, or permissible plus 
and minus deviations. 


Example: 

Antimony (to the 
nearest 0.01 per 
cent) 


0.98 per 
cent, pre-j 
ferred 


0.90 per cent, 
min. 

1.10 per cent, 
max. 


or 

Antimony (to the 
nearest 0.01 per 
cent) 


0.98 per 
cent, pre-j 
ferred 


—0.08 per 
cent 

-1-0.12 per 
cent 


If the preferred value lies half-way 
between limits, the maximum deviations 
permissible may be expressed by the 


phrase “plus or minus’' or the “±” sign. 
An expression using the phrase “plus or 
minus” or the sign shall be inter- 
preted to indicate a preferred value, 
and is thus to be considered as having a 
different meaning from the statement of 
merely a maximum and a minimum 
value (see Paragraph (c)). 


Example: 

Antimony (to the near- 
est 0.01 per cent) 


1.00 ± 0.10 per 
cent 


(c) Double Limits Without Preference. 
— If there is no preference for a specific 
value, maximum and minimum values 
alone should be indicated. 


Example: 

Weight (to the nearest 
0.01 lb.) 


23.40 lb., min. 
23.50 lb., max. 


(d) Single Limit With Preference . — 
If the requirements demand a limit, in 
only one direction and there is a pre- 
ferred value, the preferred value should 
be indicated together with the maximum 
or minimum value. 


Example: 

Weight of coating (to 
the nearest 0.1 mg. 
per sq. in.) 


10.0 mg. per sq. in., 
preferred 

2.0 mg. per sq. in,, 
min. 


{e) Single Limit Without Preference . — 
If the requirements demand a limit in 
only one direction and there is no prefer- 
ence for a specific value, a maximum or 
minimum value alone should be in- 
dicated. 


Example: 

Weight of coating (to the near- 
est 0.1 mg. per sq. in.) < 


2.0 mg. per 
sq. in., min. 


(J) Percentage Maximum Permissible 
Deviations. — If the . permissible plus or 
minus deviation is a direct function of 
the preferred value, it may be expressed 
as a percentage, particularly if a wide 
range of preferred values is expressed or 
accepted by custom. 
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Examples: 

The twist, in turns per inch to the nearest 
turn, shall be as specified, plus or minus 7 per 
cent. 

The resistance in ohms per foot at 20 C. shall 
be as specified, plus or minus 10 per cent; to 
the nearest 0.001 ohm for gages Nos. 14 to 21, 
to the nearest 0.01 ohm for gages Nos. 22 to 31, 
and to the nearest 0.1 ohm for gages Nos. 32 
to 40. On the basis of this specification, the 
table of minimum and maximum values to be 
used for purposes of acceptance and rejection 
would be as follows: 


Wire Gage 

Resistance,® ohm per foot 
at20C. 

Min. 

Specified 

Max. 

No. 14 

0.145 

0.161 

0.177 

No. IS 

0.183 

0.203 

0.223 

No. 21 

0.732 



0.813 

0.894 

No. 22 

0.93 

1.03 

1.13 

No. 31 . * 

7.50 

8.33 

9.16 

No. 32 

9.3 

10.3 

11.3 

No 39 

4A7 

54.1 

59.5 

No. 40 

S6.0 

73.3 

80.6 


** The following applies to all specified limits in this 
table; For purposes of acceptance and rejection, an ob- 
served value or a calculated value obtained by test should 
be rounded off “to the nearest unit” in the last right-hand 
place of figures used in expressing the limiting value. 

Averages 

9. (a) Where the term “average” is 
used without modifiying adjectives, it 
shall be interpreted to indicate the 
arithmetic mean. If some other average 
is intended, such as the weighted arith- 
metic mean, the geometric mean, etc., 
the standard should so state. 

(b) Standards should indicate clearly 
whether specified limits are to be applied 
to each single reading, to the average of 
all readings, to the average of certain 
subgroups of readings, etc. 

(c) If the places of figures to be con- 
sidered significant in an average differ 
from those expressed in the specified 
limit for a single specimen, a statement 
should be made to this effect. 


Nonnumericai Terms 

10. (a) The expressions in the follow- 
ing Paragraphs (&) to (d) are not numeri- 
cal in character but have a definite re- 
lationship to numerical requirements in 
standards. 

(5) Remainder, Balance, or Difference. 
■ — The analytical method should, in 
general, include the determination of all 
the essential ingredients and all of the 
impurities for which numerical require- 
ments are specified. The term /‘re- 
mainder” (rather than “balance” or 
“difference”) should be used when it is 
not necessary to make a direct deter- 
mination of the remaining constituent 
or constituents involved. 

Chemical Composition, 
per cent (to the 
nearest 0.1 per cent) 


Example: 

Copper 4.5 ± O.S 

Iron 1.0 max. 

Silicon 2.5 ± 0.5 

Other constituents (mag- 
nesium -f- zinc ■+• man- 
ganese) 0.5 max. 

Aluminum remainder 

(c) Trace, None, Nil . — The use of 
indefinite terms, such as “trace,” 


“none,” “nil” should be avoided unless 
defined as “none by such and such a 
test.” 

(d) Total Impurities . — The use of in- 
definite expressions, such as “total im- 
purities,” “total other impurities,” etc., 
should be avoided unless the specifica- 
tion likewise lists the elements that 
should be considered under such ex- 
pressions. 

Test Method 

11. (a) The standard should Indicate 
clearly the test or analytical method to 
be followed for determining each of the 
specified numerical requirements. This 
may be done as follows : 

(i) By reference to an A.S.T.M. 

standard, ^ 
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(2) By describing the method in 
detail, or 

(J) By stating “any approved 
method.” 

(b) Procedures (i) and (2) are recom- 
mended as preferable to (5). 

Permissible Variations for Controlled 
Constants of Test 

12. Permissible variations for con- 
trolled constants of testing apparatus 
and equipment should be designated. 

Example: 

Thickness test — “ with a load of 

0.100 =fc 0- 001 psi. distributed over a 
circular area of 3.00 ± 0-01 in. in 
diameter.” 

Tensile strength test — “ with a jaw 

speed of 12.00 ± 0-SO in. per min.” 

In the above examples the underlining desig- 
nates places of figures to be considered signifi- 
cant for purposes of acceptance and rejection of 
conditions of test. 

Permissible Variations for Condition of 
Test Specimens 

13. The physical condition of the 
specimen at the time of test should be 
specified in all details which influence 
the characteristics being tested. 

Examples: 

Molded Insulating Materials, Physical Tests. 
— All specimens shall be conditioned before 
testing by drying in an oven at 50 db 5 C. (122 
± 9 F.) for 48 hr., followed by cooling to room 
temperature in a desiccator. 

Woven Textile Fabrics, Physical Tests.— 
Standard condition of woven fabrics shall be 
that reached by the fabric when in moisture 
equilibrium with a standard atmosphere having 
a relative humidity of 65 per cent at 70 F. 
(21 C.). A deviation of plus or minus ^ per 
cent is permitted in relative humidity and plus 
or minus 2 F. (1-1 C.) in temperature. 

Sampling and Acceptance Requirements 

14. (a) If it is the intent of the speci- 
fication to provide a definite basis for 
acceptance and rejection with respect to 
the numerical requirements, the sam- 


pling procedure should be outlined in 
detail, including: 

(1) Method of selecting samples, 

(2) Number of tests or analyses, and 

(3) Acceptance requirements— in- 
cluding (i) conditions to be met by 
results of tests if lot is to be considered 
acceptable, and (U) conditions for and 
methods of resampling and retesting. 
(6) If there are restrictions as to the 

number of specimens, tests, or readings 
to be permitted in obtaining an average 
for purposes of acceptance and rejection, 
the standard should so state. 

Test Readings 

15. (a) Where it is important in any 
operation of a test or an analysis, the 
specification should indicate how many 
places of figures the tester or analyst 
should read on the scale of measurement. 

Example: 

Measure to the nearest 0.001 in. 

Read to the nearest 10 lb. 

Weigh to the nearest 0.01 g. 

Read to the limit of sensitivity of the 

(6) If the direct reading of a test is 
taken in the same units of measurement 
as designated in the specified limit, and 

if the phrase “to the nearest ” (or 

underlining) is used in designating the 
specified limit, this method of expression 
win indicate to how many places of 
figures it is necessary to read purely for 
purposes of acceptance and rejection. 
The practice of reading and recording 
additional places of figures is recom- 
mended; among other things, this prac- 
tice makes available information that 
may be useful in studies or investigations 
as to variability of material or of testing 
methods. 

Example: 

Specified Limit: Weight 

(to the nearest 0.1 g.). ....... .5.0 g., min. 

For purposes of acceptance and rejection, it 
would be necessary to read the scales of the bal- 
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ance only to the nearest 0.1 g. If, however, it 
were subsequently desirable to review past data 
to study variability, and if the range of variation 
were only say one or two tenths of a gram, the 
amount of information available would be 
meager if values had been recorded only to the 
nearest tenth of a gram, but would be plentiful 
if values had been recorded to the nearest 
hundredth of a gram. 

Calculations 

16. (a) The basis of all percentages 
should be given. 

(b) It is recommended that all calcu- 
lations, such as determinations of tensile 
strength in pounds per square inch, 
corrections for temperatures, etc., should 
carry at least two more places of figures 
than are to be considered significant for 
purposes of acceptance and rejection. 


in., respectively, the calculated values of the 
tensile strength would be as follows: 


5340 

0.10240 


52,148 psi. 


5080 

0.10174 


49,931 psi. 


Note that if the recommendation in Para- 
graph (b) had not been followed and if only one 
more place of figures (than are to be considered 
significant for acceptance and rejection) had 
been used, the second calculated value would 
have been 5080/0.1017 = 49,951 psi. This 
value would then have been rounded off to 
50,000 and would have been considered accept- 
able, whereas it should have been considered 
rejectable. Using “two more places” in calcu- 
lations, in accordance with the practice here 
recommended, usually prevents this type of 
calculation error from affecting the final value 
used for purposes of acceptance and rejection, 


Example . — The specified tensile strength of a 
material is 50,000 psi., min. (to the nearest 
100 psi.), that is, three places of figures are to 
be considered significant for purposes of ac- 
ceptance and rejection. This recommendation 
calls for carrying out calculations to five places 
of figures. 

If maximum load readings for two test speci- 
mens are 5340 and 5080 lb., and if the calculated 
cross-sectional areas are 0.10240 and 0.10174 sq. 


(c) Digits that are not to be con- 
sidered in acceptance values should be 
rounded off (see Section 4 (b)) after all 
calculations, including averaging, are 
completed. 

Example . — Calculated values of Section 16 
(b) would be rounded off to give final values of 
52,100 and 49,900 psi., respectively, for purposes 
of acceptance and rejection. 



Tentative Recommended Practice for 

CHARACTERISTICS OF STANDARD CARBON ARC 
ACCELERATED WEATHERING UNIT* 



A.S,T,M. Designation: E 42 - 42 T 
ISSTTED, 1942.2 

This Tentative Recommended Practice of the American Society for Testmg Ma- 
terials is under its Regulations, subject to annual revision. Suggestions for 
revision should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 

1. This recommended practice covers 
the basic principles of an accelerated 
weathering unit of the carbon arc type. 

Note. — Inasmuch as weather varies from 
day to day and place to place, thus making it 
impossible to correlate with the weather at all 
times and for all locations, it is desirable to pro- 
mote the adoption of such cycles as will repro- 
duce the particular weathering influences that 
are of interest. It is believed that the charac- 
teristics recommended herein cover those points 
of fundamental importance that will provide an 
acceptable accelerated weathering unit for 
many purposes, and at the same time permit the 
development of detailed and specific cycles 
needed for the obtaining of particular data and 
falling within the general structure of this recom- 
mended practice. As an example, if the em- 
phasis is on rust-inhibiting paint, in addition to 
any cycle adopted, it may be desirable to have 
an accessory high humidity cabinet made 
available. 

Apparatus 

2. (a) The light source shall be a 
carbon arc. 

(6) The carbons shall be of such com- 



I Under the standardization procedure of tlie_Society, 
tliis recommended practice is under tlie jurisdiction of 
the A.S.T.M. Committee E-1 on Methods of Testing. 

' .‘Accepted by Commiitee E-10 on Standards, August 
24, 1942. 


position and operating under such con- 
ditions that the quality of the spectrum 
as it strikes the test specimens shall 
approach so far as possible the spectrum 
of the sun. 

(c) The weathering unit shall include 
means for measuring and controlling 
the following: 

(i) Current, 
ii) Voltage, 

(J) Temperature of air and water, and 
(4) Running time. 

(d) The materials of construction 
shall be of such character as not to react 
with the test specimens during the test. 

Procedure 

3. (a) Light values shall be measured 
by the oxalic acid - uranyl sulfate method 
described in the Tentative Method of 
Calibrating a Light Source Used for 
Accelerating the Deterioration of Rub- 
ber (A.S.T.M. Designation: D 749).® 

(b) Specimens shall be mounted ver- 
tically and shall rotate about the arc in 
order to provide uniform distribution of 
the light. If the specimens are mounted 


» 1944 Book of A.S.TJI. Standards, Part III. 
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vertically both, above and below the 
horizontal center line of the light source, 
their position should be transposed 
periodically to provide uniform dis- 
tribution of the light ih a vertical plane 
over the entire face of the specimen. 
Products of combustion shall not be 
permitted to touch the specimens. 

(c) The air temperature at the dis- 
tance of the surface of the specimens 
under test shall be constant. It shall 
be determined by a shielded thermom- 
eter at a point most remote from the 
water spray. 

(d) Water sprays shall be provided 
whereby clean water such as drinking 
water may be forced on the specimens 
to simulate the washing action of rain, 


to provide moisture for causing alter- 
nate expansion and contraction due to 
swelling and drying out, and to intro- 
duce thermal shock and sweating. No 
recirculation or immersion in the spray 
water shall be permitted. 

Note. — C ertain types of water may contain 
constituents deleterious to the materials under 
test. 

(e) The accelerated weathering unit 
at all times shall be operated under 
constant voltage at the reconunended arc 
amperage. The proper carbons shall 
be used, the globes and filters cleaned at 
frequent intervals, and the temperatures 
of the air and water shall be regulated 
within the tolerances established. 



TENTATIVE DEFINITIONS WITH PROCEDURES RELATING 
TO CONDITIONING AND WEATHERING' 



A.S.T.M. Designation: E 41 -42 T 

Issued, 1942,’“ 

This Tentative Standard of the American Society for Testing Materials is, 
under its Regulations, subject to annual revision. Suggestions for revisic# 
should be addressed to the Society, 260 S. Broad St., Philadelphia 2, Pa. 


1. These definitions and test pro- 
cedures pertain to the conditioning and 
weathering of materials for test purposes. 
Unless otherwise specified, they are in- 
tended to apply to all cases where com- 
binations ‘of atmospheric influences are 
an essential part of materials testing. 

Definitions 

2. (a) Conditioning. — The process of 
subjecting a material to a stipulated 
influence or combination of influences for 
a stipulated period of time. The in- 
fluences may be relative humidity, tem- 
perature, light, pressure, air composition, 
or other factors, used jointly or severally. 

Note 1. — In some cases a material is sub- 
jected to a stipulated influence or combination 
of influences until substantial equilibrium is 
reached. Because of the labor involved in 
determining when equilibrium has been reached, 
it is customaiy to subject the material to the 
stipulated influences for a stipulated period of 
time, the period of time having been deter- 
mined with due regard to the nature of the 


material, the atmospheric influences, and the 
conditioning equipment. 

Note 2. — Conditioning may be used for (a) 
predicting service behavior, {b) obtaining re- 
producible results, {c) testing for acceptance, 
(d) research, and (e) process control; for any 
single objective or combination of objectives. 

Note 3.— It is generally true that only a 
portion of the influences enumerated in the 
above definition are applicable to any given 
material. Hence, in any discussion of condi- 
tioning, the particular influences that are sig- 
nificant must be stated. 

(6) Average Room Conditions. — 40 
per cent relative humidity at a tem- 
perature of 77 F. (25 C.). 

(c) Dry Room Conditions. — IS per cent 
relative humidity at a temperature of 
85 F. (29 C.). 

{d) Moist Room Conditions. — 75 per 
cent relative humidity at a temperature 
of 77 F. (25 C.). 

(e) Absolute Humidity — Concentra- 
tion (density) of water vapor in the 
atmosphere expressed as weight per 
unit volume or weight per unit weight 


1 Under the standardization procedure of the Society, » These definitions are identical with those appearing 

these definitions are unde5,the jurisdiction of the A.S.T.M. in the Standard Meftod o^etermmmg Relative HuMidity 
Committee E-1 on Methods of Testing. (A.S.T.M. Designation: D 337), ISW Book of A.S.l.M. 

^ Accepted by Committee E-IO on Standards, August Stanoards, Part 
24,1942. 


« Editorially revised in 1944. 
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of (1) dry air or (2) water vapor and 
air. Grams per cubic foot, grains per 
pound, or pounds per pound are com- 
monly used. 

(/) Relative Humidity ?-^ — Ratio of 
actual pressure of existing water vapor 
to maximum possible pressure of water 
vapor in the atmosphere at the same 
temperature, expressed as a percentage. 

(g) Dew Pom/.®— Temperature at 
which condensations of moisture would 
occur if the existing atmosphere were 
cooled without change in vapor pressure. 

(k) Vapor Pressure .^ — Component of 
atmospheric pressure caused by presence 
of wa ter vapor, usually expressed in 
inches of mercury. 

(j) Dry Bulb Temperature.^— Tempex- 
ature of the air as indicated by a stand- 
ard thermometer. 

(J) Wet Bulb Temperature .^ — For pur- 
poses of this method, temperature indi- 
cated by the wet bulb thermometer of a 
standard sling psychrometer or its 
equivalent. Theoretically, temperature 
at which the atmosphere would become 
saturated by evaporation of water with- 
out loss or gain in total heat content of 
the air and vapor. 

(Jfe) Hygrometer ,^ — Any properly cali- 
brated instrument which indicates di- 
rectly or indirectly the humidity of the 
air. 

(l) Absorption Hygrometer ,^ — Any one 
of several types of hygrometers con- 
taining a hygroscopic substance the 
length, thickness, or weight of which is 
a measurable index of the humidity of 
the atmosphere. Usually such devices 
are graduated directly either in relative 
humidity or in regain of stock in pro- 
cess, and are continuously indicating. 

{m) Wet and Dry Bulb Hygrometer or 
Psychrometer .^ — Contains two matched 
thermometers, one plain and one having 
a wet bulb covering as hereinafter speci- 
fied— for simultaneously indicating the 


dry and wet bulb temperatures of the 
atmosphere. 

(#) Recording Hygrometer or Psy- 
chrometer . ^ — Any approved type of hy- 
grometer or psychrometer equipped with 
automatic clocking and recording device 
capable of making a continuous time - 
relative humidity autograph, or time - 
wet and dry bulb temperature auto- 
graph. 

{o) Sling Psychrometer .^ — A psy- 
chrometer containing matched dry and 
wet bulb thermometers suitably mounted 
for swinging through the atmosphere, for 
simultaneously indicating dry and wet 
bulb temperatures. The thermometers 
shall be so mounted as to act independ- 
ently and to face the air current during 
swinging. 

Relative Humidity Determination 

3. {a) Relative humidity shall be 
determined in accordance with the 
Standard Method of Determining Rela- 
tive Humidity (A.S.T.M. Designation: 
D 337) of the American Society for 
Testing Materials.® 

(5) For determining relative humidity 
from psychrometric observations within 
the normal temperature range 0 to 112 F. 
(—20 to -i-45 C.), reference may for 
convenience be made to the Psychromet- 
ric Table for Relative Humidity.® 

Room Temperature Determination 

4. Whenever the room temperature 
is to be determined in any test method 
the following procedures shall be used: 

{a) All air temperatures shall be 
measured with an A.S.T.M. Gravity 
Thermometer E 1 (12F - 39) or E 1 
(12C - 39) of the total immersion type, 
having a range of —5 to -1-215 F. or 
— 20 to -|-102 C., as specified, and 
conforming to the roquirements of the 

5 1944 Book of A.S.T.M. Standards, Part III. 

« Proceedings, Am. Soc. Testing Mats., Vol. 31, Part I, 
p. 567 (1931); also in “A.S.l'^M. Standards on Textile 
Materials,” October, 1944, p. 379, available as a separate 
publication. 
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Standard Specifications for A.S.T.M. 
Thermometers (A.S.T.M. Designation: 
E 1} of the American Society for Testing 
Materials,’^ 

(b) All air temperature (room tem- 
perature) measurements shall be made 
with the thermometer located within 2 
ft. in a horizontal direction of the point 
at which the test is actually being made. 
In case the test involves any heat or 
heating apparatus, the thermometer 

" Appears in this publication, see Contents in Numeric 
Sequence of A.S.T.M. Designations at front of book. 


shall be shielded from direct radiation 
as well as convection currents. 

Standard Laboratory Atmosphere 
5. Whenever the materials to be 
tested are known to be sensitive to vari- 
ations in temperature or moisture, or 
both, the tests shall be conducted in a 
room or chamber of controlled humidity 
and temperature. Unless otherwise 
specified, the tests shall be made in the 
standard laboratory atmosphere having a 
relative humidity of 50 ± 2 per cent at a 
temperature of 77 rfc 2 F. (25 ± 1.1 C.). 
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TENTATIVE REVISIONS OF A.S.T.M. STANDARDS RELATING TO 
NONMETALLIC MATERIALS— CONSTRUCTIONAL 
of November ) 1944 


Standard Specifications for Masonry 
Cement (C 91 - 40) 

The Tentative Specifications for 
Masonry Cement (C 91 - 44 T)“ are in- 
tended to replace, when adopted, the 
present Standard Specifications C 
91 - 40. 

Tentative revision, submitted August, 1944. 

Standard Methods of Chemical Analysis 
of Portland Cement (C 114-44);® 
The Tentative Methods of Chemical 
Analysis of Portland Cement (C 114- 
44 T)'^ are intended to be added, when 
adopted, to the present Standard 
Methods C 114-44. 


and \¥ater shall be mixed in the proportion 
of 100 g. of calcined gypsum to 60 ml. of 
water. The calcined gypsum shall be allowed 
to soak in distilled water at 70 F, (21 C.) 
for 30 sec., and shall then be stirred for 30 sec. 
and placed immediately in the molds.] 

Tentative revision, submitted June, 1942. 

Standard Methods of Testing Gypsum 
and Gypsum Products (C 26 - 42) 

Section 19 {b ). — ^Add a note to read as 
follows: 

Note. — ^T he use of 0.1 per cent retarder in 
determining the testing consistency is necessary 
when working with quick-setting calcined 
gypsum products. 

Tentative revision, submitted June, 1942. 


Tentative revision, submitted June, 1944. 


Standard Definitions of Terms Relating 
to Lime (C 51 - 44) 


The Tentative Definitions of Terms 
Relating to Lime (C51-44T)® are in- 
tended to be added, when adopted, to the 
present Standard Definitions C51-44. 
Tentative revision, submitted June, 1944. 


Standard Specifications for Calcined 
Gypsum for Dental Plasters (C 72 - 
40) P 

Section 8. — Change to read as follows 
by the omission of the words in brackets: 

8. The chemical analysis and physical 
j>roperties of calcined gypsum for use in the 
preparation of dental plasters shall be deter- 
mined in accordance with the Standard Meth- 
ods of Testing Gypsum and Gypsum Products 
(A.S.T.M. Designation: C 26).® [Except that 
in the determination of the time of setting 
and the tensile strength the calcined gypsum 


2 See p. 1206. 

• See p, 14. 

* See p- 1214. 


B See p. 121. 
s See p, 1243. 
’ See p. 133. 

8 See p, 144. 


Standard Definitions of Terms Relating 
to Gypsum (C 11 - 41) 

The Tentative Definitions of Terms 
Relating to Gypsum (C 11-41 T)^*’ are 
intended to be added, w^hen adopted, to 
the present Standard Definitions 
Cll-41. 

Tentative revision, submitted June, 1941. 

Standard Specifications for Ground Fire 
Clay as a Mortar for Laying-Up Fire- 
clay Brick (C 105 - 41) 

New Section . — Add the following new 
Section 7, renumbering the present Sec- 
tion 7 as Section 8: 

7. Retests . — Because of variables resulting 
from sampling and the lack of satisfactory repro- 
ducibility in tests conducted by different labora- 
tories, the material may be resampled and re- 
tested when requested by either the purchaser or 
the manufacturer. This may apply in instances 
when the first test results do not conform to the 
requirements prescribed in these specifications. 


10 Seep, 1244. 

11 See p. 267 . 
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The final result to be used shall be the average 
of at least two sets of results, each of which has 
been obtained by following in detail the specified 
testing procedures. 

Tentative revision, submitted June, 1944. 

Standard Method of Test for Pyrometric 
Cone Equivalent (P.C.E.) of Refrac- 
tory Materials (C 24- 42)^2 

Section 3 . — Change from its present 
form: namely, 

3. (a) The dried sample shall be thoroughly 
mixed and after the addition of sufficient dex- 




trine, glue, gum tragacanth, or other alkali-free 
organic binder a,nd water, shall be formed in a 
truncated trigonal pyramid with its base at a 
small angle to the trigonal axis, and of the fol- 
lowing dimensions : Over-all height (between 
planes perpendicular to the trigonal axis) 1| in.; 
length of side of the truncated tip, ^ in. ; length 
of the two longer sides of the base, in.; base 
at an external angle of 82 deg. to one face and 
perpendicular to the symmetry plane through 
the opposite edge of the pyramid. 

{b) When dry the test cones may be sub- 
jected, when necessary, to a preliminary burn 


See p. 294. 


at a temperature not exceeding 2370 F. (1300 C.) 
for the purpose of sintering them to a firm condi- 
tion to permit handling. 

to read as follows: 

3. (a) Samples of unfired clays (Note), or of 
mixes containing appreciable proportions of 
raw day, shall, after being prepared in accordance 
with Section 2 (a), be heated in an oxidizing 
atmosphere in the temperature range of 1700 to 
1800 F. (925 to 980 C.) for not less than 30 min. 



Fig. 2. — Split Mold for A.S.T.M. Pyrometric 
Test Cone. 


Note. — Some unfired clays bloat when they 
are formed into cones and are carried through 
the high-temperature heat treatment prescribed 
in Section 5 (a) without preliminary calcining. 
The substances that cause bloating can, in most 
cases, be expelled by heating the clay samples 
before testing. 

(&) The day sample may be given the heat 
treatment prescribed in Pj^ragraph (o) after it 
has been formed into a cone (Paragraph (c)) , but 
this procedure has been found not as effective as 
the treatment of the powdered material. Should 
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cones so prepared bloat during the P.C.E. test, a 
portion of the original sample shall be heated in 
its powdered condition as prescribed in Para- 
graph (a) and then retested. 

^ (c) The dried sample shall be thoroughly 
mixed and after the addition of sufficient 
dextrine, glue, gum tragacanth, or other alkali- 
free organic binder and water, shall be formed 
in a metal mold into test cones in the shape of a 
truncated trigonal pyramid with its base at a 
small angle to the trigonal axis, and of the 
dimensions shown in Fig. 1. The mold to be 
used in forming the test cone is shown in Fig. 2. 

Tentative revision^ submitted March, 1943; 

Modified, June, 1944 



Bho. 3. — Method of Mounting Test Cones and 
Appearance After Testing. 


Section 4 . — Change to read as follows 
by the addition of the italicized word 
and figure and the omission of those in 
brackets: 

4. The test cones shall be moimted on 
plaques of refractory material of such a com- 
position as will not affect the fusibility of the 
cones. They shall be mounted with the base 
embedded approximately 3 mm. (0.12 in.) in 
the plaque and the face of one side inclined at 
an angle of 82 deg. with the horizontal. The 
arrangement of the test cones with respect to 
the Standard Pyrometric Cones shall be sub- 
stantially as shown in [Fig. 1] Fig. 3, that is, 
alternating the test cones with the Standard 
Pyrometric Cones in so far as is practical (Note). 
The plaque may be any convenient size and 
shape and may be biscuited before using, if 
desired. 

Tentative revision, submitted March, 1943. 


Standard Method of Panel Test for Re- 
sistance to Thermal and Structural 
Spalling of Refractory Brick (C 38 - 
42);i3 

Section 4 . — Change to read as fol- 
lows by the addition of the italicized 
figures and the omission of those in 
brackets: 

4. The specimens shall be laid up so as to 
form a test panel not less than 18 in. square, so 
that a 9 by 2|-in. surface of each specimen will 
be exposed to the heat treatment. Each speci- 
men shall be labeled with ceramic paint on the 
face opposite that to be tested, and then weighed 
to the nearest [0.1] 0.05 lb. There shall be 
placed about the test panel a suitable grade of 
refractory dummy brick, in the manner shown. 
All brick in the test panel shall be laid up with 
refractory kaolin unless otherwise specified. 
The joints shall be not thicker than in. The 
test panel, including dummy brick, shall be insu- 
lated in accordance with the arrangement and 
design shown. 

Tentative revision, submitted March, 1943. 

Section 5 . — Change to read as fol- 
lows by the addition of the italicized 
words and figures and the omission of 
those in brackets: 

5, The prepared test panels shall be placed 
in position on either side of the preheating fur- 
nace. When only one lot of brick is to be tested, 
a dummy panel should be used. The joint 
between the ends of the panel dummy brick 
and the preheating furnace shall be sealed with 
plastic kaolin. During the heating of the pan- 
els, the surface of the test specimen opposite 
that being heated shall be insulated in the speci- 
fied manner so as to maintain a suitable tem- 
perature gradient in the specimen. The furnace 
pTiall be so operated that the temperature 
specified for preheating shall be reached in not 
less than 5 nor more than 8 hr. and maintained 
24 hr. The permissible variation in temperature 
may be [plus 35 F. and minus 45 F. (plus 20 C. 
and minus 25 C.)] plus or minus 20 F. {10 C.), 
but the average of the temperature during the 
run s h all be that specified. After completing 
the preheating, the test panel shall be left in 


“ See p. 297. 
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position for not less than 8 hr. before being 
removed. As a result of this heat treatment, 
any tendency toward fusion, vitrification, swell- 
ing, or shrinkage will be evident and any devel- 
opment of structural spalling will be apparent. 
A record shall be made of the condition of the 
brick specimens, indicating the extent of the 
fusion, vitrification, swelling, or shrinkage. 
If shrinkage takes place a record shall be made 
of its nature, that is, whether or not this occurs 
as a shrinkage of each brick as a unit, or as the 
development of cracks on the surface of each 
brick. The surface of the test panels may be 
photographed. 

Tentative revision, submitted March, 1943, 

Section 7.— Change to read as follows 
by the addition of the italicized figures 
and the omission of the figures and words 
in braclcets: 

7. When the test panel has cooled suflSciently 
so that the brick can be handled, the panel shall 
be carefully dismantled. Each of the test 
specimens shall be cleaned to free it of kaolin 
and in such a manner as to remove spalls, after 
which the specimens shall be reweighed to the 
nearest [0.1] 0.05 lb., and the loss in weight 
recorded as percentage of the original weight. 
[When a second heating treatment is given and 
the 9-in. brick specimens have been numbered 
from 1 to 7 from top to bottom in the test panel, 
their order shall be changed so as to assume the 
positions of 4-3-2-1-7-6-S. In the case of the 
six 3-in. brick specimens the order shall be 
changed so as to assume the positions of 3-2-1- 
6-5-4 for the second heating treatment. The 
specimens shall also be turned end for end.] 

Tentative revision, submitted March, 1943. 

Standard Method of Panel Test for Re- 
sistance to Thermal and Structural 

Spalling of High Heat Duty Fireclay 

Brick (C 107 - 42) 

Section 4 (d ). — Change to read as 
follows by the addition of the italicized 
figures and the omission of the figures 
and words in brackets; also by omission 
of the Note following this section: 

(d) The furnace gas pressure during the 24-hr. 
preheating period shall be within the limits of 
[0.3 to 0.6] 0.4 to 0.5 in. of water [for gas-fired 
furnaces]. 

M See p. 304. 


[Note.— In furnaces used for the purpose of 
obtaining control and experimental data where 
the method is followed in all details except that 
oil is used as a fuel, it is recommended that the 
furnace gas pressure be maintained between 
0.1 and 0.2 in. of water.] 

Tentative revision, submitted March, 1943. 

Standard Method of Panel Test for 
Resistance to Thermal and Structural 
Spalling of Super Duty Fireclay Brick 
(C 122 - 42) ‘.1“ 

Section 4 (d). — Change to read as 
follows by the addition of the italicized 
figures and the omission of the figures 
and words in brackets; also by omission 
of the Note following this section; 

(d) The furnace gas pressure during the 
24-hr. preheating period shall be within the 
limits of [0.3 to 0,6] 0.4 to 0.5 in. of ’ivater [for 
gas-fired furnaces]. 

[Note. — ^In furnaces used for the purpose of 
obtaining control and experimental data where 
the method is followed in all details except that 
oil is used as a fuel, it is recommended that the 
furnace gas pressure be maintained between 0.1 
and 0.2 in. of water.] 

Tentative revision, submitted M arch, 1943. 

Standard Definitions of Terms Relating 
to Refractories (C 71 - 42):^® 

Under the section on properties, add 
the definition of a new term to read as 
follows; 

Calcining of Refractory Materials. — The heat 
treatment to which raw refractory materials are 
subjected, preparatory to further processing or 
use, for the purpose of eliminating volatile 
chemically combined constituents and produc- 
ing volume changes. 

Tentative revision, submitted June, 1935; 

Modified, June, 1942; M arch, 1943. 

Standard Definition of the Term Sand 
(0 58-28):^^ 

The Tentative Definition of the Term 
Aggregate (C 58 - 28 T)^® is intended to 
be added, when adopted, to the present 
Standard Definition C 58 - 28. 

Tentative revision, submitted Jmie, 1928. 

15 See p. 306. 

15 See p. 330. 
w See p, 452. 

15 Seep. 1339. 
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Standard Specifications for Preformed 

Expansion Joint Fillers for Concrete 

(Nonextruding and Resilient Tsrpes) 

(D 544 - 41) 

Section 1. — Change to read as fol- 
lows by the addition of the italicized 
words and the omission of those in 
brackets: 

1. These specifications cover preformed 
expansion joint fillers of the following [four] 
fm types for use in concrete construction. The 
type or types desired shall be specified by the 
purchaser. 

Type Ij cork, 

Type II, self-e?:panding cork. 

Type III, sponge rubber, [and] 

Type IV, cork rubber, and 

Type V, hituminotis fiber . 

Teniaiive revision, suhniUed November, 1943. 

Section 2. — Add a new Paragraph (d) 
to read as follows: 

(d) Bituminous Fiber. — This type shall con- 
sist of preformed strips which have been formed 
from cane or other suitable fibers of a cellular 
nature, securely bound together and uniformly 
imiiregnated M’ith a suitable bituminous binder. 

Tentative revision, submitted November, 1943. 

Section 4. — Change to read as follows 
by the addition of the italicized words 
and figures: 

4. (a) Recovery. — The test specimen shall be 
given th.ree applications of a load sufficient to 
compress the material to 50 per cent of its thick- 
ness before test. The load shall be immediately 
released after each application. At the end of 1 
hr. after the third application, the joint shall 
have recovered to at least 90 per cent of its 
thickness before test/or types I, II, III, and IV, 
and to at least 70 per cent of its thickness before 
test for type Pk 

(b) Compression.— The load required to 
compress the test specimen to 50 per cent of its 
thickness before test shall not be less than 100 
nor more than 750 psi. For bituminous fiber 
joint fJkr {type V), the material after compression 
shall not shoic a loss of more than 3 per cent of its 
original iveight. 

(c) Extrusion. — ^The test specimen shall be 


compressed to 50 per cent of its thickness before 
test with three of the edges restrained. The 
amount of extrusion of the free edge shall not 
exceed 0.25 in. 

(d) Expansion. — ^In the case of self-expanding 
cork (type II) expansion joint filler only, the test 
specimen after being immersed in boiling water 
for 1 hr. shall have a final thicloiess not less than 
140 per cent of the thickness before test. Dis- 
coloration of the water shall not be considered 
an indication of failure. 

(e) Boiling in Hydrochloric Acid.— In the 
case of cork and self-expanding cork (types I 
and II) expansion joint fillers only, the test 
specimen when boiled for 1 hr. in hydrochloric 
acid (sp. gr. 1.19) shall show no evidence 
of disintegration. Discoloration, or a small 
amount of swelling shall not be considered as 
failure. 

(/) Weathering Test. — A weathering test 
may be conducted in accordance with the pro- 
cedure specified in Section 8. Test specimens 
shall show no evidence of disintegration when 
subjected to the specified weathering test. 
Delamination or separation of the fiber structure in 
type V shall be considered disintegration. Test 
specimens which have b:en subjected to the 
weathering test may be required to meet the 
requirements for recovery, compression, and 
extrusion specified in Paragraphs {a) , (b) , and (c) . 

(g) Penetration of Recovered Bitumen. — The 
penetration at 25 C. of the bitumen recovered from 
the bituminous fiber joint filler (type V) shall be 
between 25 and 100. 

{It) Bitumen Content. — The bitumen content 
of the bituminous fiber filler (type V) shall be at 
least 35 per cent by weight. 

Tentative revision, submitted November, 1943. 

Standard Methods of Testing Preformed 

Expansion Joint Fillers for Concrete 

(Nonextruding and Resilient Types) 
(D 545 - 41):2o 

Section 1 . — Change to read as follows 
by the addition of the italicized words: 

1. These methods cover the following tests 
for preformed expansion joint fillers for con- 
crete: expansion in boiling water, recovery, 
compression, extrusion, boiling in hydrochloric 
acid, weathering, penetration of recovered bitu- 
men, and bitumen content. The recovery, com- 
pression, and extrusion tests shall be performed 
at a laboratory room temperature of 70 F. 
(21 C.) or above. 

Tentative revision, submitted November, 1943. 


See p. 509. 


20 See p. 518. 
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Section 2 {a ). — Change to read as 
follows by the addition of the italicized 
words: 

2. (a) In the case of cork, sponge rubber, 
cork rubber, and bituminous fiber (types I, III, 
IV, and V) expansion joint fillers only, five 
specimens for test shall be cut from each sample. 
Each test specimen shall be freshly and squarely 
cut using a metal plate 4 by 4 in. as a cutting 
template. The metal template shall be ma- 
chined from J-in. plate to fit the extrusion 
mold described in Section 5 (b). The template 
shall fit the mold within minus 0,005 in. in length 
and minus 0.005 in. in width. 

Tentative revision, submitted November, 1943. 

Section 4 (a). — Change to read as 
follows by the addition of the italicized 
words: 

4. Recovery and Compression, and Loss of 
Bitumen During Compression', (a) Test Speci- 
mens. — One of the test specimens prepared as 
described in Section 2 (a) (or one of the expanded 
specimens prepared as described in Section 2 (6) 
in the case of self-expanding cork, type II) shall 
be used for these tests. In the case of cork, 
sponge rubber, cork rubber, and bituminous fiber 
(types I, III, IV, and F) expansion joint fillers, 
these tests shall be made on specimens of the 
material as received. However, if the cork filler 
(type I) fails to meet the requirements specified, 
check tests shall be made on specimens which 
have been immersed in water for 24 hr. and 
subsequently air dried for 24 hr. Acceptance 
shall be based on the results of these check tests. 

Tentative revision, submitted November, 1943. 

Section 5 (a ). — Change to read as 
follows by the addition of the italicized 
words: 

5, (a) Test Specimens. — One of the test speci- 
mens prepared as described in Section 2 (o) 
(or one of the expanded specimens prepared as 
described in Section 2 (b) in the case of self-ex- 
panding cork, type II) shall be used for this test. 
In the case of cork, sponge rubber, cork rubber, 
and bituminous fiber (types I, III, IV, and F) ex- 
pansion joint fillers, these tests shall be made on 
specimens of the material as received. However, 
if the cork filler (type I) fails to meet the require- 
ments of the specifications, check tests shall be 
made on specimens which have been immersed 
in water for 24 hr. and subsequently air dried 
for 24 hr. Acceptance shall be based on the 
results of these check tests. 

Tentative revision, submitted November, 1943. 


New Sections. — ^Add new Sections 
8 and 9 on penetration of recovered 
bitumen and bitumen content to read 
as follows: 

8. Penetration of Recovered Bitumen. — (a) 
A 150 to 200-g. sample of the joint filler shall be 
accurately weighed to the nearest 0.1 g., broken 
up, and placed in a centrifugal extractor.®^ 
Pure benzene shall then be added in sufficient 
quantity to saturate the sample which shall then 
be allowed to soak for 30 min. to dissolve the 
bitumen. The bitumen-benzene solution shall 
be extracted by centrifuging the sample. Sev- 
eral successive washes of pure benzene shall be 
added to the centrifuge bowl until the extracted 
solvent is not discolored, and all the bitumen 
saturant has been removed from the fiber joint 
filler. 

(b) The bitumen-benzene solution and the 
washings shall be collected in a 2-1. round- 
bottom, heat-resistant glass flask, and distilled 
over an oil bath with a water-cooled condenser 
for condensing the benzene vapors. The distil- 
lation shall be continued until the bitumen- 
benzene solution is concentrated to approxi- 
mately 200 ml. The distillation shall be stopped 
at this point, the residue poured into a 300-ml. 
distillation flask, and distilled to 360 C. in 
accordance wath the Standard Method of Test 
for Distillation of Cut-Back Asphaltic Products 
(A.S.T.M. Designation: D 402) 

(c) The penetration under 100-g. load for 5 
sec. at 25 C. (77 F.) of the recovered bitumen 
from the distillation described in Paragraph (b) 
shall be determined in accordance with the 
Standard Method of Test for Penetration of 
Bituminous Materials (A.S.T.M. Designation; 
D 5) .21 

9. Bitumen Content.— T'h.& fiber residue after 
the extraction of the bitumen in accordance with 
Section 8 (a) shall be dried to constant weight 
and the bitumen content determined by differ- 
ence, expressed as a percentage by weight of the 
original sample. At the option of the purchaser, 
the bitumen content shall be determined on 
samples after they have been heated in a con- 
stant-temperature oven at 163 C. for a period of 
3 hr. 

Tentative revision, submitted November, 1943. 

Standard Methods of Chemical Analysis 
of Calcium Chloride (D 345 - 34) 

Title. — Change to r#ad as follows by 

A Rotarex type extractor is suitable for this purpose. 

^ Pyre.x glass is satisfactory for this purpose. 

M See p. 5S2. ^ 

M See p. S73, 

M See p. 522. 
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the addition of the italicized words and 
the omission of those in brackets: 

Standard Method[s] of [Chemical Analysis] 
Sampling and Testing Calcium Chloride 

Tentative revision, suhnitted August, 1941. 

Section 1 . — Change to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 

1. These methods cover procedures for the 
sampling and [chemical analysis] testing of cal- 
cium chloride. 

Tentative revision, suhnitted August, 1941. 

New Sections . — Add the following new 
Sections 2 and 3, renumbering the 
subsequent sections accordingly: 

2. Sampling. — A mesh lot of calcium chloride 
shall be sampled for testing purposes as follows; 

(a) Not less than three containers shall be 
selected at random from the lot. Each of the 
containers shall be sampled by scraping aside 
the top layer to a depth of approximately 1 in. 
and taking 1-lb. samples by means of a sampling 
thief or other method which will insure a sample 
that is representative of a cross-section of the 
material in the container to a depth of at least 
6 in. Precautions should be taken during the 
sampling operation to avoid exposing the sample 
unduly to atmospheric moisture. The indi- 
vidual sample shall be immediately and thor- 
oughly mixed to form a representative compo- 
site sample of material, and stored in a sealed 
glass conbiiner. 

3. Sieive. Analysis. — ^Approximately 200 g. of 
calcium chloride weighed to the nearest 0.1 g. 
shall be sieved in accordance with the Standard 
Method of Test for Sieve Analysis of Fine and 
Coarse Aggregates (.A.S.T.M. Designation: C 
136) utilizing the |-in., a-nd No. 20 sieves 
together with a bottom pan and a cover (sieving 
shall be completed within a period of approxi- 
mately 1 min.). The sieve analysis shall be re- 
ported on the basis of the grading requirements 
specified In Section 3 of the Standard Specifica- 
tions for Calcium Chloride (A.S.T.M. Designa- 
tion: D 98).-^ 

Tentative revisim, submitted August, 1941. 


Standard Method of Mechanical Anal- 
ysis of Soils (D 422 - 39) 

Section 6 (b ). — Change to read as 
follows by the addition of the italicized 
words: 

(b) At the conclusion of this shaking the 
time shall be recorded, the graduate placed in 
the bath, and readings taken with the hydrom- 
eter at the end of both 1 and 2 min. The hy- 
drometer shall be read at the top of the meniscus 
formed by the suspension around its stem. If 
hydrometer A or the streamlined hydrometer 
graduated in grants of soil per liter of suspension 
is used, it shall be read to the nearest 0.5 g. per 
liter. Hydrometer B shall be read to the near- 
est 0.0005 specific gravity. Subsequent read- 
ings shall be taken at intervals of 5, 15, 30, 60, 
250, and 1440 min. after the beginning of sedi- 
mentation. Readings on the thermometer 
placed in the constant temperature bath shall 
be made coincidentally with the hydrometer 
readings and recorded. 

Tentative revision, suhnitted August, 1943. 

Section 14 . — Add the following to this 
section as an alternative report : 

Alternative Report. — ^The results of complete 
mechanical analyses furnished by the combined 
sieve and hydrometer analyses shall be reported 
as follows: 

Sieve Analysis 

Sieve Size Percentage Passing 

2-in 



1-in 

pn 

No. 4 (476d-micron) 

No. 10 (2000-micron) 

No. 40 (420-micron) 

No. 60 (2S0-micron) 

No. 200 {74-micron) 

Hydrometer Analysis 

Size of Particle Percentage 

Smaller Than 

O.OS mm 

0.005 mm 

0.001 mm 

For materials examined for any particular 
type of work or purpose, only such fractions 
shall be reported as are included in the specifica- 
tions or other requirements for the work or 
purpose. 

Tentative reatision, suhnitted August, 1942. 


See p. 441. 
SJ Seep. 511. 


M See p. 616. 
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Standard Specifications for Zinc Sulfide 
Pigments (D 477 - 41) 

Table I . — Make the following changes 
in the respective requirements for 
composition: 

Zinc Sulfide-Baritm Pigment: 

Change minimum barium sulfate requirement 
from “98” to “95” per cent of remainder. 

Zinc Siilfide-Magnesmm Pigment: 

Change minimum magnesium and micaceous 
silicates requirement from “98” to “95” per cent 
of remainder. 

Litkopone: 

Change minimum barium sulfate requirement 
from “98” to “95” per cent of remainder. 
Tiianated Lithopone: 

Change minimum barium sulfate requirement 
from “98” to “95” percent of remainder. 

Tentative remsion, sulnnitted August, 1944. 

Standard Methods of Sampling and 
Analysis of Shellac (D29-40):^° 

The Tentative Method of Test for 
Color of Orange Shellac (D 29-41 T)'^‘ 


MiSee p. 828, 
3“ See p. 993. 
ai.See p. 1538. 


is intended to be added, when adopted, to 
the present Standard Methods D 29 - 40. 
Tentative re-dsion, siihnitted June, 1941. 

Standard Methods of Sampling and 
Testing Lacquer Solvents and Diluents 
(D 268 -44) ’A- 

The Tentative Method of Test for 
Water in Lacquer Solvents and Diluents 
(D 268 - 44 T)'"*^ is intended to be added, 
when adopted, to the present Standard 
Methods D 268 - 44. 

Tentative revision, suhniitied June, 1944. 

Standard Specifications for A.S.T.M. 
Thermometers (El - 44) 

The Tentative Specifications for A.S.- 
T.M. Thermometers (E1-44T)'*® are 
intended to be added, when adopted, to 
the present Standard Specifications 
E 1 - 44. 

Tentative revision, siihmilted June, 1944. 


“2 See p. loss. 
== See p. 1535. 

See p. 1129. 
35 See p. 1567. 



LIST OF A.S.T.M. STANDING COMMITTEES 
(November, 1944) 


A. Ferrous Metals 

Committee: 

A-1 on Steel. 

A-2 on Wrought Iron. 

A-3 on Cast Iron. 

A-4 {Discontinued) 

A-5 on Corrosion of Iron and Steel. 

A-6 on Magnetic Properties. 

A-7 on iVlalleable-Iron Castings. 

A-8 {Merged ivith Commiitee A-6) 

A-9 on Ferro-Alloys. 

A-IO on Iron-Chromium, Iron-Chroinium- 
Nickel, and Related Alloys. 

.\dvisory Committee on Corrosion. 

B. Non-Ferrous Metals 


Committee: 

Coordinating Committee on Non-Ferrous 
Metals and Alloys. 

B-1 on Coi)per and Copper-Alloy Wires 
for Ivlectrical Conductors. 

R-2 on Non-Ferrous Metals and Alloys. 

B-3 on Corrosion of Non-Ferrous Metals 
and Alloys. 

B-4 on Electrical-Heating, Electrical-Re- 
sistance, and Electric-Furnace Alloys. 

B-5 on Cof)i)cr and Copper Alloys, Cast 
and Wrought. 

B-6 and Die-Cast Metals and Alloys. 

B-7 on Light Metals and Alloys, Cast and 
Wrought. 

B-8 on Electrodeposited Metallic Coatings. 

B-d on Metal Powders and Metal Powder 
Products. 


C, Cementitious, Ceramc, Concrete, and 
Masonry Matisrials 


Cbmmittee: 

C-1 on Cement. 

C-2 (Dismtlimied) 

C-3 f.l/.Tgrd Mih Commiitee C-15) 

C-4 on Clay Pijie. 

C--3 on h’ire Tes'« of Materials and Con- 
struction. 

C-6 on Drain Tile. 

C-7 on Lime. 

C-S (in Refractories. 


Committee: 

on Concrete and Concrete Aggregates 
C-10 {Merged with Committee C-15) ® 

C-11 on G3^sum. 

C-12 on Mortars for Unit Masonry. 

C-13 on Concrete Pipe. 

C-14 on Glass and Glass Products. 

C-15 on Manufactured Masonry Units. 
C-16 on Thermal Insulating Materials' 
C-18 on Natural Building Stones. 

D. Miscellaneous Materials 
Committee: 


on Paint, Varnish, Lacquer, and Re- 
lated Products. 

D-2 on Petroleum Products and Lubri- 
cants. 

D-3 on Gaseous Fuels. 

D-4 on Road and Paving Materials. 

D-5 on Coal and Coke. 

D-6 on Paper and Paper Products. 

D-7 on Wood. 

D-8 on Bituminous Waterproofing and 
Roofing Materials. 

D-9 on Electrical Insulating Materials. 

D-10 on Shipping Containers. 

D-11 on Rubber and Rubber-Like Materials. 
D-12 on Soaps and Other Detergents. 

D-13 on Textile Materials. 

D-14 on Adhesives. 

D-15 {Reconstituted as Technical Committee 
XII of Committee E-1) 

D-16 on Industrial Aromatic Plydrocarbons 
D-17 on Naval Stores. 

D-18 on Soils for Engineering Purposes. 

D-19 on Water for Industrial Uses, 

D-20 on Plastics. 


E. Miscellaneous Subjects 
Cormnittee: 


E-1 on Mediods of Testing. 

E-2 on Spectrographic Analysis. 

E-3 on Chemical Analysis of Metals. 
E-4 on Metallography. 

E-5 on Standing Committees. 

E-6 on Papers and Publications. 

E-7 on Radiographic Testing. 

E-8 on Nomenclature and Definitions. 
E-9 on Research. 

E-10 on Standards, 
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STANDARDS AND TENTATIVE STANDARDS ON NONMETALLIC 
MATERIALS— CONSTRUCTIONAL 

coSSSS 

particularly helpful after one of the SupVm?n?s ha^ ^ 


Abrasion Test. 

Aggregate, Coarse, by Los Angeles Machine, 
431. 

Gravel by Deval Machine, 1369. 

Organic Coatings hy Air Blast Abrasion 
Tester, 1105. 

Paving Brick (Rattler Test), 169. 

Rock by Deval Machine, 513. 

Abson Test. 

Hot Extraction of Asphaltic Materials and 
Recovery of Bitumen by Modified Abson 
Procedure, 1386. 

Absorption Test. 

Aggregate, Coarse, 443. 

Aggregate, Fine, 445. 

Asphalt Plank, .539. 

Brick, 178. 

Concrete Masonry Units, 210. 

Drain Tile, 371. 

Glazed IMasonry Units, 1245. 

Gypsum and Gypsum Products, 144. 

Pigments, Oil Absorption, 888. 

Pipe, 

Clay, E.xtra Strength, 1324. 

Clay Sewer, Standard Strength, 1316. 

Concrete Irrigation, 415. 

Concrete Sewer, 386. 

Reinforced Concrete Culvert,' 404. 

Reinforced Concrete Sewer, 394. 

Refractory Products, Burned, 325. 

Roofing and Flooring Felt, Test for Kerosine 
Number by th% Vacuum Method, 1447. 

Slate, 229. 
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Stone, Natural Building, 213. 

Structural Board Thermal Insulation, 1185. 

Tile, Structural Clay, 196. 

Acetates. 

Amyl Acetate Made from Fusel Oil (85 to 
88 per cent Grade), Spec, for, 1029. 

Amyl Acetate (Synthetic) (85 to 88 per cent 
Grade), Spec, for, 1028. 

Butyl Acetate, Normal (88 to 92 per cent 
Grade), Spec, for, 1032. 

Ethyl Acetate (85 to 88 per cent Grade), Spec, 
for, 1035. 

Ethylene Gtycol Monoethyl Ether, Acetate 
Ester of, (95 to 96 per cent Grade) Spec, for, 
1038. 

Isopropyl Acetate, Spec, for, 1040. 

Lacquer Solvents and Diluents, Sampling 
and Testing of, 1053. 

Acetone. 

Acetone, Spec, for, 1026. 

Lacquer Solvents and Diluents, Sampling and 
Testing of, 1053. 

Acid Number. 

See Neutralization. 

Acid Resistance Test. 

Clay Pipe, Extra Strength, 1324, 

Clay Sewer Pipe, Standard Strength, 1316. 

Acidity. 

See Neutralization. 

Adhesion Test. 

Bituminous Emulsions, 664. 

Thermal Insulating Cement, Expanded or 

Exfoliated Vermiculite, 1271. 
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Adhesion Test {Continued). 

Thermal Insulating Cement, Mineral Wool, 
1268. 

Aggregates. 

See also Gravel; Sand; Slag; Stone. 
Abrasion, Test for. 

Coarse Aggregate by Los Angeles Machine, 
431 

Gravel by Deval Machine, 1369. 

Rock by Deval Machine, 513. 

Absorption of Coarse Aggregate, Test for, 443. 
Absorption of Fine Aggregate, Test for, 445. 
Asphalt Mastic for Waterproofing, Spec, 
for, 670. 

Clay Lumps in Aggregates, Test for, 434. 
Concrete Aggregates, Lightweight, Spec, 
for, 428. 

Concrete Aggregates, Spec, for, 423. 
Definitions, 

Aggregate, 1339. 

Concrete Aggregates, 490. 

Gypsum, 1244. 

Materials for Roads and Pavements, 611. 
Sand, 452. 

Inspection of Aggregate at Bituminous Paving 
Plant, 603. 

Masonry Mortar Aggregate, Spec, for, 232. 
Material Finer than No. 200 Sieve, Test for, 
439. 

Organic Impurities in Sands for Concrete, Test 
for, 438. 

Sampling Stone, Slag, Gravel, and Sand for 
Highway Materials, 1364. 

Sieve Analysis of Fine and Coarse Aggregates, 
Test for, 441. 

Sieves for Testing Purposes, Spec, for, 1146. 
Soundness of Aggregates by Sodium Sulfate 
or Magnesium Sulfate, Test for, 1332. 
Specific Gravity of Coarse Aggregate, Test 
for, 443. 

Specific Gravity of Fine Aggregate, Test for, 
445. 

Stabilized Base Course, Materials for, Spec, 
for, 1357. 

Stabilized Surface Course, Materials for, Spec, 
for, 1359. 

Standard Sizes of Coarse Aggregate for High- 
way Construction, Spec, for, 1355. 
Structural Strength of Fine Aggregate, Test 
for, 447. 

Surface Moisture in Fine Aggregate, Test for, 
1337. 

Toughness of Rock, Test for, 514. 


Unit Weight of Aggregate, Test for. 449. 

Voids in Aggregates for Concrete, Test for, 

451. 

Air Content Test. 

Air Content (Gravimetric) of Concrete, 487. 

Freshly Mixed Concrete (Volumetric), 1340. 

Portland-Cement Mortar, 1227. 

Air-Entraining Cement. 

See also Cement. 

Air Content of Portland-Cemcnt Mortar, Test 
for, 1227. 

Air-Entraining Portland Cement for Concrete 
Pavements, Spec, for, 1203. 

Air-Setting Refractory Mortars. 

See Refractories. 

Alcohol. 

Amyl Alcohol, Synthetic, Spec, for, 1027, 

Butanol (Normal Butyl Alcohol), Spec, for, 
1031. 

Isopropyl Alcohol, Spec, for, 1533. 

Solvents and Diluents, Lacquer, Sampling 
and Testing of, 1053. 

Alkali Resistance Test. 

Oleoresinous Varnishes, 1007. 

Alkalinity. 

See Neutralization. 

Alkyd Resin. 

Phthalic Anhydride Content of Alkyd Resin, 
Test for, 1511. 

Aluminum Pigments. 

See also Pigments. 

Aluminum Pigment Paste for Paint, Spec, 
for, 869. 

Aluminum Powder and Paste. Sampling and 
Testing of, 904 

Aluminum Powder for Paints, Aluminum 
Bronze Powder, Spec, for, S67. 

Aluminum Silicate Pigment, Methods of 
Analysis of, 1494. 

Aluminum Silicate Pigment, Spec, for, 831. 

Amyl Acetate. 

See Acetates; Solvents. 

Amyl Alcohol. 

See Alcohol. 

Anti-Fouling Paints. 

Cuprous Oxide, Dry, Method of Chemical 
Anal}'-sis of, 910. 

Mercuric Oxide, Dry, ^Method of Chemical 
Analysis of, 914. 

Toxic Ingredients in Anti-Fouling Paints, 
Dry Cuprous Oxide, Pry Mercuric Oxide, 
Spec, for, 874. 
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Apparatus. 

(Standard test methods which include re- 
quirements for testing apparatus are indexed 
under the names of the apparatus or the 
appropriate test methods.) 

Carljon Arc Accelerated Weathering Unit, 
Recommended Practice for Characteristics 
of, 1593. 

Screen (Sieve), Definition of, 1169. 

Sieves for Testing Purposes, Spec, for, 1146. 
Thermometers, Spec, for, 1129, 1567. 
Verification of Testing Macliiiies, Methods of, 
1153. 

Appearance Test. 

Dipentene, 1517. 

Pine Oil, 1520. 

Turpentine, 1501. 

Asbestos. 

See also Thermal Insulating Materials. 
Fells, .\sj ihall-Siituratcd and Asphalt-Coated, 
fur iiniU-lIji Roofs, Spec, fox’, 1420. 

Felts, As]>ha!l-Saturated, for Waterproofing 
and (Ajiistruetiiig Ruilt-Up Roofs, Spec, for 
1418. 

Pipe Ct'vering, I’refurnxed, Thermal Insula- 
tiui!, hmergency Spec, for, 1179. 

Tln-rmal insulating Cement, Spec, for, 1266. 
Ash, Test for in, 

Asixhall Roll Roofing, Cap Sheets, and 
Shiiigles, 1440. 

Drying Oils. 967. 

Felted and Woven Fabrics Saturated with 
fiituminoiH Sul (st ances, 1433. 
Nitrocellulose, Soluhle, 1044. 

Slmllac, 993. 

Tali (Jii. 1524. 

Asphalt. 

See al.-io A.sphait, Emulsified; Asphalt 
Roofing and Waterproofing. 

Arpiiuit for Dampprooling and Waterproofing, 
.Sriec. fur, 141.1. 

.\,.'.p'n;>!f I'i.ir.k, Spec, for, S.¥). 

I’.itumen Sohi'de in Car'oon Tetrachloride, 
'I'e-At fm-j 5-1 6. 
iiitunie.i, 'iV.-:! for, 5-43. 

Cour.-e f ’art iele.s in Mixtures of Asphalt and 
Mlnenii Matter.^ Test for, 696. 

Cut-lj.'ii.k •■Isphalt, 

Distillation Test, 5.52. 

.Mi.iiitnn t ■urin.^^Type, Spec, for, 1374. 
Rapid t'uring Type, Spec, for, 1372, 


Definitions Relating to Materials for Roads 
and Pavements, 611. 

Distillation of Cut-Back Asphaltic Products, 
Test for, 552. 

Distillation, Steam, of Bituminous Protective 
Coatings, Test for, 661. 

Ductility of Bituminous Materials, Test for, 
556. 

Filler for Brick Pavements, Spec, for, 536. 

Fire Point by Open Cup, Test for, 981. 

Flash Point by Open Cup, Test for, 981 . 

Float Test for Bituminous Materials, 570, 

Hot Extraction of Asphaltic Materials and 
Recovery of Bitumen by the Modified 
Abson Procedure, Test for, 1386. 

Inspection of Asphalt at Bituminous Paving 
Plant, 603. 

Loss on Heating of Asphaltic Compounds, 
Test for, 1383. 

Mastic, Bituminous, Grouts, and Like Mix- 
tures, Tests for, 691. 

Mastic, Waterproofing, Spec, for, 670, 
Penetration of Bituminous Materials, Test 
for, 573. 

Primer for Use with Asphalt in Dampproofing 
and Waterproofing, Spec, for, 657. 

Residue of Specified Penetration, Test for, 
575. 

Sampling Bituminous Materials, 1379. 
Softening Point, Ball and Shouldered Ring, 
Test for, 1580. 

Softening Point, Ring-and-Ball Method, Test 
for, 578. 

Specific Gravity of Asphalt Cements, Test 
for, 586. 

Specific Gravity of Asphalts Sufficiently Solid 
to be Handled in Fragments, Test for, 584. 
Steam Distillation of Bituminous Protective 
Coatings, Test for, 661. 

Viscosity, Conversion of Kinematic to Say- 
bolt Furol, Method for, 593. 

Viscosity Test by Saybolt Viscosimeter, 588. 
Volume Correction Table for Liquid Asphaltic 
Products, 594. 

Weathering Test, Accelerated, for Bituminous 
Materials, Recommended Practice, 1449. 
Asphalt, Emulsified. 

See also Asphalt. 

Emulsffied Asphalts, 

Medium-Setting, for Coarse Aggregate Plant 
Mixes, Spec, for, 528. 

Medium-Setting, for Retread and Coarse 
Aggregate Mixes, Spec, for, 530. 
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Asphalt, Emtslsified (Cantimied). 

Medium-Setting, Heavy Premh — Summer 
Grade, Spec, for, 532. 

Quick-Setting, for Penetration and Surface 
Treatment, Spec, for, 534. 

Slow-Setting, for Fine Aggregate Mixes, 
Spec, for, 526. 

Testing of, 559. 

Films Deposited from Bituminous Emulsions, 
Tests for, 664. 

Asphalt Roofing and Waterproofing. 

See also Roofing. 

Asphalt for Built-Up Roof Coverings, Spec, 
for, 651. 

Asphalt for Dampproofing and Waterproofing, 
Spec, for, 1413. 

Asphalt Roofing Surfaced with Coarse Mineral 
Granules, Spec, for, 1423. 

Asphalt Roofing Surfaced with Powdered Talc 
or Mica, Spec, for, 1427. 

Asphalt Roofing, Wide Selvage, Surfaced with 
Coarse Mineral Granules, Spec, for, 685. 

Cap Sheets, Asphalt, Tests for, 1440. 

Felt, 

Asphalt-Saturated and Asphalt-Coated As- 
bestos, for Built-Up Roofs, Spec, for, 
1420. 

Asphalt-Saturated Asbestos, for Water- 
proofing and Constructing Built-Up 
Roofs, Spec, for, 1418. 

Asphalt-Saturated, for Waterproofing and 
Built-Up Roofs, Spec, for, 676. 

Felted and Woven Fabrics Saturated with 
Bituminous Substances for Waterproofing 
and Roofing, Testing of, 1433. 

Granular Mineral Surfacing for Asphalt Roof- 
ing and Shingles, Test for Sieve Analysis 
of, 698. 

Nongranular Mineral Surfacing for Asphalt 
Roofing and Shingles, Test for Sieve Analy- 
sis of, 701. 

Roll Roofing, Asphalt, Testing of, 1440. 
Shingles, Asphalt, Surfaced with Coarse 
Mineral Granules, Spec, for, 1430. 

Shingles, Asphalt, Testing of, 1440. 

Siding, Asphalt, Surfaced with Coarse Minerall 
Granules, Spec, for, 688. 

Autoclave Test. 

Masonry Units, Glazed, 1245. 

Portland Cement, Autoclave Expansion of, 44. 

B. 

Ballast. 

See Stone. 


Barium Pigments. 

See also Pigments. 

Bari um Sulfate Pigments, Methods of Analy- 
sis of, 1484. 

Barium Sulfate Pigments, Spec, for, 830. 

Lithopone, Spec, for, 828. Tentative Revi- 
sion, 1610. 

Titanium Dioxide Pigments, Spec, for, 826. 

White Pigments, Methods of Chemical Anal- 
ysis of, 921, 

Zinc Sulfide Pigments, Spec, for, 828. 

Barytes. 

See also Barium Pigments. 

Barium Sulfate Pigments, Spec, for, 830. 

Beams 

See also Concrete. 

Fire Tests of Building Construction and 
Materials, 234. 

Static Tests of Timbers in Structural Sizes, 
761. 

Structural Wood Joist and Plank, Beams and 
Stringers, Spec, for, 711. 

. Bend Testing. 

See also Flexure Test. (Procedures for 
making bend tests for ductility appear in the 
individual specifications.) 

Elongation of Lacquer Coatings with Conical 
Mandrel, 1063. 

Veneer, Plywood, and Other Wood and Wood- 
Base Materials, 1453. 

Benzene. 

Industrial 90 per cent Benzene (Benzol), Spec, 
for, 1030. 

Lacquer Solvents and Diluents, Sampling 
and Testing of, 1053. 

Bitumen Determination. 

Determination of Bitumen, Test for, 543. 

Hot Extraction of Asphaltic Materials and 
Recovery of Bitumen by Modified Abson 
Procedure, Test for, 1386. 

Proportion of Bitumen Soluble in Carbon 
Tetrachloride, Test for, 546. 

Bitumen Expansion Joint. 

Preformed Expansion Joint Fillers for Con- 
crete, Spec, and Test for, Tentative Revi- 
sions, 1607. 

Bituminous Concrete and Macadam. 

See also Asphalt; Tar.^ 

Emulsified Asphalts, 

Coarse Aggregate Plant Mixes, Medium 
Setting, Spec, for, 52?. 

Fine Aggregate Mixes, Slow-Setting, Spec, 
for, 526. 
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Heavy Premix—Summer Grade, Medium- 
Setting, Spec, for, 532. 

Penetration and Surface Treatment, Quick- 
Setting, Spec, for, 534. 

Retread and Coarse Aggregate Mixes, 
Medium-Setting, Spec, for, 530. 

Testing of, 559. 

Gravel for Bituminous Concrete Base andSur- 
face Courses of Pavements, Spec, for, 1361. 
Inspection of Bituminous Concrete and 
Macadam at Bituminous Paving Plant, 603. 
Mineral Filler for Bituminous Concrete Pave- 
ments, Spec, for, 507. 

Sand for Bituminous Concrete Pavements, 
Spec, for, 508. 

Slag, Crushed, for Bituminous Concrete Base 
and Surface Courses, Spec, for, 1361. 

Slag, Crushed, for Bituminous Macadam Base 
and Surface Courses, Spec, for, 492. 

Stone, Crushed, for Bituminous Concrete Base 
and Surface Courses, Spec, for, 1361. 

Stone, Crushed, for Bituminous Macadam 
Base and Surface Courses, Spec, for, 492. 
Bituminous Materials. 

Sec Asphalt; Asphalt, Emulsified; Asphalt 
Roofing and Waterproofing; Bitu- 
minous Concrete and Macadam; Roof- 
ing; Tar; Waterproofing Materials. 
Blanc Fixe. 

Barium Sulfate Pigments, Spec, for, 830. 
White Pigments, Methods of Chemical Analy- 
sis of, 921. 

Blast-Furnace Slag. 

See Slag, 

Bleeding Test. 

Pigments, 877. 

Blistering. 

Organic Coatings on Metal When Subjected 
to Immersion or Other Tests Involving Ex- 
posure to Moisture or Liquids, Method for 
Evaluating Degree of Resistance to Blister- 
ing, 1559. 

Block. 

See also Mica; Refractories; Thermal In- 
sulating Materials. 

Concrete Masonry Units, 
for Catch Basins and Manholes, Spec, for, 
2G8. 

Load-Bearing, IJollow, Spec, for, 202. 
Load-Bearing, Solid, Spec, for, 206. 
Non-Load-Bearing, Hollow, Spec, for, 204. 
Sampling and •Testing of, 210. 

Filter Block, Vitrified Clay, for Trickling 
Filters, Spec, for, 1250. 


Granite Block, 

for Durax Pavements, Spec, for, 501. 
for Pavements, Spec, for, 497, 

Recut, for Pavements, Spec, for, 499. 

Gypsum and Gypsum Products, Testing of 
144. ’ 

Gypsum Partition Tile or Block, Spec, for, 141 

Inspection of Block at Bituminous PavinEr 
Plant, 603. ^ 

Preformed Block Thermal Insulation, Emer- 
gency Spec, for, 1182. 

Stone Block for Highways, Sampling of, 1354 

Wooden Paving Blocks for Exposed Pave.! 
ments, Spec, for, 70S. 

Blue Lead. 

See also Pigments. 

Blue Lead; Basic Sulfate, Spec, for, 840. 

Chemical Analysis of, Methods of, 934. 

Boards. 

See Lath; Sheathing Board; Thermal 
Insulating Materials; Wall Board Wood, 

Boiler Materials. 

See Refractories. 

Bone Black. 

Acetone Extract in Dry Bone Black, Test 
for, 909. 

Bone Black, Spec, for, 838. 

Mass Color of Color Pigments, Test for, 9oo 

Tinting Strength of Color Pigments, Test 
for, 900. 

Bottles. 

Hydrostatic Pressure Test on Glass Contain, 
ers, 358. 

Polariscopic E.xamination of Glass Contain- 
ers, Methods of, 362. 

Thermal Shock Test on Glass Containers, 355 

Brick, 

See also Refractories. 

Absorption (Suction), Initial Rate, Test for 
178. 

Building Brick, 

Clay or Shale, Spec, for, 162 
Concrete, Spec, for, 160. 

Sand-Lime, Spec, for, 167. 

Compressive Strength Test, 178. 

Efflorescence Test, 178. 

Fire Tests of Building Construction and 
Materials, 234. 

Freezing-and-Thawing Test, 178. 

Masonry Units, Glazed; Spec, for, 1245. 

Modulus of Rupture Test, 178. 

Mortar for Reinforced Brick Masonry, Spec 
for, 1256. 

Paving Brick, Spec, for, 169. 
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Brick {Continued ) . 

Sampling and Testing Brick, 178. 

Sewer Brick, Clay or Shale, Spec, for, 176. 
Silica Brick, Quicldime and Hjdrated Lime 
for Manufacture of, Spec, for, 100. 
Brittleness Test. 

See also Ductility Test, Friability. 

Asphalt Plank, Spec, for, 539. 

Building Brick. 

See Brick, 

Building Insulation. 

See Thermal Insulating Materials. 
Building Stone, Natural. 

Absorption Test, 213. 

Compressive Strength Test, 1253. 

Flexure Test, 215. 

Modulus of Elasticity Test, 217. 

Modulus of Rupture Test, 215. 

Shear Test, 221. 

Specific Gravity Test, Apparent, 213. 
Building Tile. 

See Tile. 

Burlap. 

Felted and Woven Fabrics Saturated witli 
Bituminous Substances for Waterproofing 
and Roofing, Testing of, 1433. 

Burmister Flow Trough. 

Portland-Cemeut Mortar, Test for Air Con- 
tent of, 1227. 

Bursting Strength. 

See Hydrostatic Pressure Test; Tension 
Testing. 

Butanol. 

Butanol, Normal Butyl Alcohol, Spec, for, 
1031. 

Lacquer Solvents and Diluents, Sampling and 
Testing of, 1053. 

Button Lac. 

See Shellac. 

Butyl Acetate. 

See Acetates; Solvents. 

Butyl Propionate. 

See Propionates ; Solvents. 

c 

Calcium Chloride. 

Calcium Chloride, Spec, for, 511. 

Chemical Analysis of Calcium Chloride, 
Methods of, 522. Tentative Revision, 1608. 
Calcium Hydroxide. 

See Lime. 

Calcium Pigments. 

See also Pigments. 


Para Red, Reduced, Spec, for, 861, 

Titanium Dioxide Pigments, Spec, for, 826. 

White Pigments, Methods of Chemical Analy- 
sis of, 921. 

Calcium Sulfate. 

See Gypsum. 

Calibration, Methods of. 

Verification of Testing Machines, 1153. 

Calorimetric Determination. 

Portland Cement, Test for Heat of Hydration, 
1231. 

Cap Sheets. 

Asphalt Cap Sheets and Shingles, Testing 
of, 1440. 

Carbon Arc Weathering Unit. 

Recommended Practice for Characteristics 
of, 1593. 

Carbon Black. 

Specifications for, 842. 

Carbon Residue Test. 

Creosote, 791. 

Cedar. 

See Wood. 

Cellulose Coatings. 

See Enamels; Lacquers; Solvents. 

Cement. 

See also Asphalt. 

Air Content of Portland-Cement Mortar, 
Test for, 1227. 

Air-Entraining Portland Cement for Concrete 
Pavements, Spec, for, 1203. 

Autoclave Expansion of Portland Cement, 
Test for, 44. 

Cement Content of Hardened Portland- 
Cement Concrete, Test for, 464, 

Chemical Analysis of Portland Cement, 
Methods of, 14, 1214. 

Compressive Strength of Hydraulic-Cement 
Mortars, Test for, 76. 

FUIer, Cement, Grout, Spec, for Materials 
for Brick and Stone Block Pavements, 503. 

Filler, Mineral, for Sheet Asphalt and Bitu- 
minous Concrete Pavements, Spec, for, 507. 

Fineness of Hydraulic Cement by the No. 200 
Sieve, Test for, 55. 

Fineness of Portland Cement by Turbidimeter, 
Test for, 47. 

Heat of Hydration of Portland Cement, Test 
for, 1231. 

Keene’s Cement, Spec, for, 131. 

Masonry Cement, Spec, for, 7, 1206. 

Natural Cement, Spec, for, 5. 
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Normal Consistency of Hydraulic Cement, 
Test for, 58. 

Particle Size Distribution of Subsieve Size 
Particulate Substances, Test for, 1575. 
Portland Cement, Spec, for, 1. 

Sampling of Hydraulic Cement, 42. 
Sand-Cement Bed for Brick and Block Pave- 
ments, Spec, for, 505. 

Sieve Analysis of Refractory Materials, Test 
for, 1309. 

Soil-Cement Mixtures, 

Cement Content of, Test for, 1402. 
Freezing-and-Thawing Test for, 647. 
Moisture-Density Relations of, Test for, 640. 
Wetting-and-Drying Test for, 643. 
Soundness of Hydraulic Cement Over Boiling 
Water (Pat Test), Test for, 61. 

Specific Gravity of Hydraulic Cement, Test 
for, 64. 

Tensile Strength of Hydraulic-Cement Mor- 
tars, Test for, 70. 

Thermal Insulating Cement, 

Asbestos, Spec, for, 1266. 

Bulk Density of. Test for, 248. 

Covering Capacity Upon Drying, Test for, 
1276. 

Definition of, 252. 

Diatomaceous Silica, Spec, for, 1274. 
Expanded or Exfoliated Vermiculite, Spec, 
for, 1271. 

Magnesia, 85 per cent, Spec, for, 1264. 
Mineral Wool, Spec, for, 1268. 

Mixing, Methods of, 246. 

Sampling, Methods of, 246. 

Volume Change Upon Drying, Test for, 1276. 
Time of Setting of Hydraulic Cement by 
Vicat or Gillmore Needles, Test for, 66. 
Volume Change of Cement Mortar and Con- 
crete, Test for, 483. 

Water Content of Refractory Materials, Test 
for, 1309. 

Centrifuge Test. 

Moisture Equivalent of Soils, 631. 

Ceramics. 

See Brick; Glass; Refractories; Tile. 
Chalking of Paint. 

See Paints ; W eathering. 

Checking Test. 

See Paints; Weathering. 

Chemical Lime. 

See Lime. 

Chinese Wood Oit 
See Tung Oil. 


Chrome Brick. 

See Refractories. 

Chromium Pigments. 

See also Pigments. 

Chrome Green, Pure, Spec, for, 849. 

Chrome Green, Reduced, Spec, for, 851. 

Chrome Oxide Green, Spec, for, 853. 

Chrome Yellow and Chrome Orange, Spec, 
for, 855. 

Mass Color of Color Pigments, Test for, 900. 

Tinting Strength of Color Pigments, Test 
for, 900. 

Yellow and Orange Pigments Containing 
Chromium Compounds, and Chrome Green, 
Methods of Chemical Analysis of, 934. 

Zinc Yellow, C. P. (Zinc Chromate), Spec, for, 
857. 

Zinc Yellow Pigment (Zinc Chromate Yellow), 
Methods of Chemical Analysis of, 952. 

Cinder Concrete Block. 

Concrete Masonry Units, 

Load-Bearing, Hollow, Spec, for, 202. 
Load-Bearing, Solid, Spec, for, 206. 
Non-Load-Bearing, Hollow, Spec, for, 204. 
Sampling and Testing of, 210. 

Cinders. 

Lightweight Aggregate for Concrete, Spec, 
for, 428. 

Clay. 

See also Refractories; Soils. 

Clay Lumps in Aggregates, Test for, 434. 

Ground Fire Clay, Spec, for, 267. Tenta- 
tive Revision, 1603. 

Particle Size Distribution of Subsieve Size 
Particulate Substances, Test for, 1575. 

Sieve Analysis of Refractory Materials, Test 
for, 1309. 

Stabilized Base Course, Materials for, Spec, 
for, 1357. 

Stabilized Surface Course, Materials for. 
Spec, for, 1359. 

Water Content of Refractory Materials, Test 
for, 1309. 

Clay Filter Block. 

Filter Block, Vitrified Clay, for Trickling 
Filters, Spec, for, 1250. 

Clay Hollow Tile. 

See Tile. 

Clay Pipe. 

Drain Tile, Spec, for, 371. 

Extra Strength, Spec, for, 1324. 

La 3 dng Sewer Pipe, Recommended Practice 
for, 421. 
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Clay Pipe {Contimied) . 

Sewer Pipe, Standard Strength, Spec, for, 
1316. 

Clay Products. 

See Block; Brick; Refractories; Tile. 
Cleveland Flash Cup. 

Flash and Fire Points by Open Cup, Test for, 
981. 

Cloud Point. 

Thermometers, Spec, for, 1129. 

Coal. 

Coal and Lignite in Sand, Test for, 436. 
Coal Tar. 

See also Creosote; Tar. 

Definitions Relating to Materials for Roads 
and Pavements, 611. 

Tar, Spec, for, 1376. 

Volume and Specific Gravity Correction 
Tables for, 666. 

Coal-Tar Pitch. 

See also Pitch. 

Coal-Tar Pitch for. 

Priming Coat in Dampproofing and Water- 
proofing with Cresote, Spec, for, 659. 
Roofing, Dampproofing, and Waterproofing, 
Spec, for, 654. 

Steep Built-Up Roofs, Spec, for., 1416. 
Stone Block Filler, Spec, for, 538. 

Volume Correction Table for, 666. 

Coarse Particles. 

Aluminum Powder and Paste, 904. 

Aluminum Silicate Pigment, 1494. 

Barium Sulfate Pigments, 1484. 

Diatomaceous Silica Pigment, 1498. 
Magnesium Silicate Pigment, 1491 . 

Mica Pigment, 1488. 

Mixtures of Asphalt and Mineral Matter, 
696. 

Pigments, Pastes, and Paints, 879. 

Soils, 616. Tentative Revision, 1609. 

Coke Residue Test. 

Creosote, 791. 

Color Test. 

Aliuninum Silicate Pigment, 1494. 

Definition of Color, Terms Relating to Paint, 
Varnish, Lacquer and Related Products, 
1551. 

Diatomaceous Silica Pigment, 1498. 
Dipentene, 1517. 

Drying Oils, 967. 

Lacquer Solvents and Diluents, 1053. 

Liquid Driers, 1015, 

Magnesium Silicate Pigment, 1491. 


Mass Color of Color Pigments, 900. 

Mica Pigment, 1488. 

Nitrocellulose Base Solutions, Soluble, 1071. 
Orange Shellac, 1508. 

Pine Oil, 1520. 

Rosin, 1512. 

Sands for Concrete, Organic Impurities (In- 
cludes Color Chart), 438. 

Shellac Analysis, 993. 

Spectral Characteristics and Color of Objects 
and Materials, 1097. 

Tall Oil, 1524. 

Tinting Strength of Color Pigments, 900. 
Turpentine, 1501. 

Varnishes, Oleorcsinous, 1007. 

Columns. 

See also Concrete. 

Fire Tests of Building Construction and 
Materials, 234. 

Static Tests of Timbers in Structural Sizes, 
761. 

Structural Wood, Posts and Timbers, Spec, 
for, 711. 

Compression Testing. 

Aggregate, Fine, Test for Structural Strength, 
447. 

Brick, 178. 

Building Stone, Natural, 1253. 

Building Stone, Natural, Test for Modulus of 
Elasticity, 217. 

Concrete, 

Masonry Units, 210. 

Modified Cube Method Using Portions of 
Beams Broken in Flexure, 472. 

Molded Cylinders, 470. 

Specimens from Plardened Concrete, Methods 
of Securing, Preparing and Testing, 460. 
Test Specimens, Method of Making and 
Curing in Field, 466. 

Test Specimens, Methods of Making and 
Curing in Laboratory, 1344. 

Definitions Relating to Methods of Testing, 
1162. 

Drain Tile, 371. 

Expansion Joint Fillers, Preformed, for Con- 
crete, Tests for, 518. 

Fire Brick, Insulating, 315. 

Fireclay Refractories Uftder Load at High 
Temperatures, 310. 

Gypsum and Gypsum Products, 144. 
Hydraulic-Cement Mortal, 76. 

Masonry Cement, 7, 1206. 



Index OF A.S.T.M. Standards, Part II 


1621 


Pipe, 

Clay, Extra Strength, 1324. 

Clay Sewer, Standard Strength, 1316. 
Concrete Irrigation, 415. 

Concrete Sewer, 386. 

Reinforced Concrete Culvert, 404. 
Reinforced Concrete Sewer, 394. 
Refractory Brick and Shapes, Tests for Cold 
Crushing Strength, 319. 

Thermal Insulation, Preformed Block Type, 
1279. 

Tile, Structural Clay, 196. 

Timber, Small Clear Specimens, 730. 

Timbers in Structural Sizes, 761. 

Veneer, Plywood, and Other Wood and 
Wood-Base Materials, 1453. 

Verification of Testing Machines, 1153. 
Concrete. 

See also Aggregates; Bituminous Concrete 
and Macadam. 

Aggregates, 

Concrete, Spec, for, 423. 

Fine, Test for Structural Strength by Water- 
Cement-Ratio Mortar, 447. 

Soundness by Sodium or Magnesium Sulfate, 
Test for, 1332, 

Air Content (Gravimetric) of Concrete, Test 
for, 487. 

iVir Content (Volumetric) of Freshly Mixed 
Concrete, Test for, 1340. 

Air- Entraining Portland Cement for Con- 
crete Pavements, Spec, for, 1203, 

Brick, 

Absorption (Suction), Initial Rate of, Test 
for, 178. 

Absorption Test for, 178. 

Compressive Strength Test for, 178. 
Concrete Building Brick, Spec, for, 160. 
Efflorescence Test for, 178. 
Freezing-and-Thawing Test for, 178. 
Modulus of Rupture, Test for, 178. 
Cement Content of Hardened Portland- 
Cement Concrete, Test for, 464. 
Compression Test Specimens, Method of 
Making and Curing in Field, 466. 
Compression Test Specimens, Method of 
Making and Curing in Laboratory, 1344. 
Compressive Strength, Test for by Using 
Portions of Beargs Broken in Flexure, Modi- 
fied Cube Method, 472. 

Compressive Strength Test of Molded Con- 
crete Cylinder#, 470. 

Consistency of Portland-Cement Concrete, 
Slump Test, 476. 


Curing Portland-Cement Concrete, 

Calcium Chloride, Spec, for, 511. 

Water Retention Efficiency of Methods 
for. Test for, 1351. 

Waterproof Paper for, Spec, for, 1349. 
Definitions Relating to Concrete and Con- 
crete Aggregates, 490. 

Drain Tile, Spec, for, 371. 

Expansion Joint Fillers, Preformed, for Con- 
crete, Spec, for, 509. Tentative Revision, 
1607. 

Expansion Joint Fillers, Preformed, for Con- 
crete, Tests for, 518. Tentative Revision, 
1607. 

Fire Tests of Building Construction and Mate- 
rials, 234. 

Flexural Strength of Concrete, Using Simple 
Beam with Third-Point Loading, Test for, 
480. 

Flexure Test Specimens, Method of Making 
and Curing in Field, 466. 

Flexure Test Specimens, Method of Making 
and Curing in Laboratory, 1344. 

Flow of Portland-Cement Concrete by Flow 
Table, Test for, 474. 

Length Measurement of Drilled Concrete 
Cores, Test for, 478. 

Lightweight Aggregates for Concrete, Spec, 
for, 428. 

Pipe, 

Culvert, Reinforced, Spec, for, 404. 
Irrigation, Spec, for, 415. 

Sewer, Reinforced, Spec, for, 394. 

Sewer, Spec, for, 386. 

Ready-Mixed Concrete, Spec, for, 453. 
Sampling Fresh Concrete, Method of, 463. 
Sands for Concrete, Test for Organic Im- 
purities, 438. 

Specimens from Hardened Concrete for Com- 
pressive and Flexural Strengths, Methods of 
Securing, Preparing, and Testing, 460. 
Volume Change of Cement Mortar and Con- 
crete, Test for, 483. 

Weight per Cubic Foot of Concrete, Test 
for, 487. 

Yield of Concrete, Test for, 487, 

Concrete Masonry Units. 

See also Block; Concrete. 

Concrete Building Brick, 160. 

Concrete Masonry Units, 
for Catch Basins and Manholes, Spec, 
for, 208. 

Load-Bearing, Hollow, Spec, for, 202. 
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Concrete Masonry Units {Coniimied). 
Load-Bearing, Solid, Spec, for, 206. 
Non-Load-Bearing, Hollow, Spec, for, 204. 
Sampling and Testing, 210. 

Concrete, Waterproofing of. 

See Waterproofing Materials. 

Conditioning. 

Definitions of Terms with Procedures Relating 
to, 1595. 

Conductivity. 

See Thermal Conductivity. 

Conical Mandrel Test. 

Lacquer Coatings, 1063. 

Consistency Test. 

See also Flow Test; Plasticity; Viscosity. 

Aggregate, Fine, Flow Test for Specimens for 
Structural Strength Test, 447. 

Bituminous Materials, Float Test for, 570. 

Bituminous Materials, Test for Penetra- 
tion, 573. 

Cement, Hydraulic, Test for Normal Con- 
sistency, 58. 

Concrete, Portland-Cement, Flow Table 
Test, 474. 

Concrete, Slump Test for, 476. 

Concrete, Test for Mortar for Compressive 
Strength Test of Molded Cylinders, 470. 

Definitions Relating to Gypsum, 1244. 

Definitions Relating to Rheological Proper- 
ties, 1170. 

Gypsum and Gypsum Products, 144. Tenta- 
tive Revision, 1603. 

Lacquers, Nitrocellulose Clear, and Lacquer 
Enamels, 1068. 

Lime, Hydrated, and Quicklime, 1238, 

Nitrocellulose Base Solutions, Soluble, 1071. 

Nitrocellulose, Soluble, 1044. 

Paints, Exterior House and Enamel Type, 
1095. 

Copper Corrosion Test. 

Dipentene, 1517. 

Cork. 

Expansion Joint Fillers, Preformed, for Con- 
crete, Spec, for, 509. 

Expansion Joint Fillers, Preformed, for Con- 
crete, Tests for, 518. 

Pipe Covering, Preformed Thermal Insulation, 
Emergency Spec, for, 1179. 

Corrosion Test. 

Dipentene, 1517. 

Lacquer Solvents and Diluents, 1053. 

Petroleum Spirits (Mineral Spirits), Blacken- 
ing Test, 965. 


Salt Spray (Fog) Test — sec Part I, Book of 
A.S.T.M. Standards, p. 1843. 

Cotton and Cotton Products. 

Woven Cotton Fabrics Saturated with Bitu- 
minous Substances for Waterproofing, Sjiec. 
for, 682. 

Covering Capacity. 

See also Hiding Power. 

Thermal Insulating Cement, Test for Cover- 
ing Capacity Upon Drying, 1276. 

Cracking of Paint. 

See Paints; Weathering. 

Crazing Test. 

Glazed Masonry Units, 1245. 

Creosote. 

Coke Residue, Test for, 791. 

Creosote - Coal Tar Solution, Spec, for, 785. 
Creosote for Priming Coat with Coal-Tar 
Pitch in Dampproofing and Waterproofing, 
Spec, for, 659. 

Creosote, Spec, for, 783. 

Definitions Relating to Tinfijer Preservatives, 
817. 

Distillation Test, 793. 

Float Test on Residue, 570. 

Insoluble Matter Tests, 799. 

Sampling and Testing, 78S. 

Specific Gravity, 

Correction Tables for Creosote and Coal 
Tar, 811. 

of Creosote Fractions, 803. 
of Creosote, Test for, 801. 

Tar Acids in Creosote and Creosote - Coal Tar 
Solutions, Test for, 808. 

Volume Correction Tables for Creosote and 
Coal Tar, 811. 

Water in Creosote, Test for, 805. 

Cresyl Phosphate. 

Lacquer Solvents and Diluents, Methods of 
Sampling and Testing, 1053. 

Tricresyl Phosphate, Spec, for, 1042. 

Crib Test. 

Fire-Retardant Properties of Wood, 1259. 
Crushing Strength Tests. 

See also Compression Testing; Flexure 
Test. 

Drhin Tile, 371. 

Clay, Extra Strength, 1324. 

Culvert, Reinforced Concrete, 404. 
Irrigation, Concrete, 445. 

Sewer, Clay, Standard Strength, 1316. 
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Sewer, Concrete, 386. 

Sewer, Reinforced Concrete, 394. 

Cubic Foot Weight. 

See Weight. 

Culvert Pipe. 

Reinforced Concrete Culvert Pipe, Spec, for, 

404 . 

Cuprous Oxide. 

Chemical Analysis of Dry Cuprous Oxide, 
Methods of, 910. 

Toxic Ingredients in Anti-Fouling Paints, 
Spec, for, 874. 

Curing Concrete. 

Calcium Chloride, Methods of Chemical 
Analysis of, S22. Tentative Revision, 1608. 
Calcium Chloride, Spec, for, 511. 

Compression and Fle.xure Test Specimens, 
Method of Maldng and Curing in Field, 466. 
Compression and Flexure Test Specimens, 
Method of Making and Curing in Labo- 
ratory, 1344, 

Sodium Silicate, Spec, for, 491. 

Water Retention Efficiency of Methods for 
Curing Concrete, Test for, 1351. 

Waterproof Paper for Curing Concrete, Spec, 
for, 1349. 

Cut-Back Asphalts. 

See Asphalt; Asphalt, Emulsified* 
Cut-Back Tar. 

See Tar. 

Cypress. 

See Wood. 

D 

Dampproofing. 

See Waterproofing Materials. 

Darex. 

Air-Entraining Portland Cement for Concrete 
Pavements, Spec, for, 1203. 

Decantation Test. 

IMaterial Finer than No. 200 Sieve in Aggre- 
gates, 439. 

Definitions, 

Aggregate, 1339. 

Concrete and Concrete Aggregates, 490. 
Conditioning and Weathering, 1595. 

Fireclay Refractories, 269, 

Glass, 1315. 

Gypsum, 158, 124^. 

Insulating Back-Up Block and Insulating Fire 
Brick, 1294. 

Lime, 121, 1243. @ 

Materials for Roads and Pavements, 611, 


Methods of Testing, 1162. 

Paint, Varnish, Lacquer, and Related Prod- 
ucts, 1551. 

Refractories, 330. Tentative Revision, 1606. 
Rheological Properties of Matter, 1170. 

Sand, 452. 

Screen (Sieve), 1169. 

Slate, 231. 

Soil Mechanics, 1406. 

Specific Gravity, 1167, 

Structural Clay Tile, 200. 

Symbols for Heat Transmission, 1312. 
Sjrmbols for Soil Mechanics, 1406. 

Tall Oil, 1532. 

Thermal Insulating Materials, 252, 

, Timber, 777. 

Timber Preservatives, 817. 

Deformation Under Load Test. 

See Compression Testing; Flow Test; 
Shrinkage Test; Volume Change. 
Demulsibility Test. 

Emulsified Asphalts, 559. 

Density Test. 

See also Specific Gravity. 

Mica Pigment, 1488. 

Pipe Covering, Preformed, Thermal Insulation, 
1179. 

Refractory Products, Burned, Test for Bulk 
Density, 325. 

Soil-Cement Mixtures, Test for Moisture- 
Density Relations, 640. 

Soils, Test for Moisture-Density Relations, 
1399. 

Thermal Insulating Cement, Test for Bulc 
Density, 248. 

Thermal Insulating Materials, Blanket Type, 
250. 

Dental Plasters. 

Calcined Gypsum for Dental Plasters, 133. 
Tentative Revision, 1603. 

Deval Abrasion Test. 

Gravel, by Deval Machine, 1369. 

Rock, by Deval Machine, 513. 
Diatomaceous Silica Insulation. 

See Thermal Insulating Materials. 
Diatomaceous Silica Pigment- 
Methods of Analysis of, 1498. 

Specifications for, 832. 

Dibutylphthalate. r 

Lacquer Solvents and Diluents, Sampling an 
Testing of, 1053. 

Specifications for, 1034. 
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Biluents. 

See Paint Thinners; Solvents. 
Dimethylketone, Test for. 

Lacquer Solvents and Diluents, Sampling and 
Testing of, 1053. 

Dipentene. 

Sampling and Testing of, 1517. 

Distillation Test- 
Asphaltic Products, Cut-Back, 552. 
Bituminous Protective Coatings, Test for 
Steam Distillation, 661. 

Creosote, 793. 

Creosote, Test for Water, 805. 

Dipentene, 1517. 

Emulsified Asphalts, 559. 

Hot Extraction of Asphaltic Materials and 
Recovery of Bitumen by the Modified 
Abson Procedure, 1386. 

Kerosine and Similar Petroleum Products, 975. 
Lacquer Solvents and Diluents, 1053. 
Naphtha and Similar Petroleum Products, 975. 
Petroleum Products and Other Bituminous 
Materials, Test for Water, 599. 

Pine Oil, 1520. 

Solvents Distillation Thermometers, Spec, for, 
1567. 

Tall Oil, 1524. 

Tar Products for Road Treatment, 548. 
Thermometers, Spec, for, 1129. 

Turpentine, 1501. 

Distortion Under Heat Test. 

See also Volume Change. 

Fireclay Refractories Under Load at High 
Temperatures, Tests for, 310. 

Douglas Fir. 

See Wood. 

Drain Tile 
See also Pipe. 

Drain Tile, Spec, for, 371. 

Driers. 

Definitions Relating to Paint, Varnish, Lac- 
quer, and Related Products, 1551. 

Liquid Driers, Test for, 1015. 

Liquid Paint Driers, Spec, for, 991. 

Drying Oils. 

Definitions Relating to Paint, Varnish, Lac- 
quer, and Related Products, 1551. 

Linseed Oil, Boiled, Spec, for, 962. 

Linseed Oil, Raw, Spec, for, 961. 

Oiticica Oil (Permanently Liquid), Spec, for, 
1500. 

Perilla Oil, Raw or Refined, Spec, for, 960. 
Soybean Oil, Raw, Spec, for, 959. 


Tests for, 967. 

Tung Oil, Raw, Spec, for, 957. 

Drying Time. 

Liquid Driers, Testing of, 1015. 

Trafific Paint, Test for Dry to No-Pick-Up 
Time, 1538. 

Ductility Test. 

See also Tension Testing. 

Bituminous Materials, 556. 

Dust Palliative. 

Calcium Chloride, Methods of Chemical 
Analysis of, 522. Tentative Revision, 1608, 

Calcium Chloride, Spec, for, 511. 

E 

Efflorescence Test, 

Brick, 178. 

Elastic Limit. 

Definitions Relating to Methods of Testing, 
1162. 

Elongation Test. 

See Ductility Test; Tension Testing. 

Emergency Alternate Provisions. 

List of Emergency Alternate Provisions in 
A.S.T.M. Standards Relating to Nonmetal- 
lic Materials — Constructional, 1172. 

Emulsified Asphalts. 

See Asphalts, Emulsified. 

Enamels. 

Abrasion Resistance, by Air Blast Abra- 
sion Tester, Test for, 1105. 

Blistering of Organic Coatings on Metal W'hen 
Subjected to Immersion or Other Tests In- 
volving Exposure to Moisture or Liquids, 
Test for Evaluating Degree of Resistance 
to, 1559. 

Changes in Protective Properties of Organic 
Coatings on Steel Surfaces When Subjected 
to Immersion, Emergency Test for, 1189. 

Consistency Test, 1095. 

Daylight 45 Degree, 0 Degree Apparent Re- 
flectance'^of Paint Finishes, Test for, 1549, 

Definitions Relating to Paint, 1551. 

Exposure Tests of Enamels for Exterior Serv- 
ice, Preparation of Steel Panels for, 1558. 

Lacquers and Lacquer Enamels, Nitrocellulose 
Clear, Testing of, 1068. 

Reactivity of Paint Liguids, Test for, 1013. 

Salt Spray (Fog) Test— see Part I, Book of 
A.S.T.M. Standards, p. 1843. 

Specular Gloss of Paint* Finishes, Test for, 
1544. 
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Engler Viscosity. 

Thermometers, Spec, for, 1129. 

Erosion of Paint. 

See Paints; Weathering. 

Ester Value Test. 

Lacquer Solvents and Diluents, Testing of, 
1053. 

Ether. 

Acetate Ester of Ethylene Glycol Monoethyl 
Ether (95 to 96 per cent Grade), Spec, for, 
103& 

Ethylene Glycol Monobutyl Ether, Spec, for, 
1039. 

Ethylene Glycol Monoethyl Ether, Spec, for, 
1037. 

Ethyl Acetate. 

See Acetates; Solvents. 

Ethyl Lactate. 

See Lactates; Solvents. 

Ethylene Glycol. 

See Glycol; Solvents. 

Evaporation Test. 

See Distillation Test; Loss on Heat Test. 

Expansion Joint. 

Preformed Expansion Joint Fillers for Con- 
crete, Spec, for, 509. Tentative Revi- 
sion, 1^7. 

Preformed Expansion Joint Fillers for Con- 
crete, Testing of, 518. Tentative Revi- 
sion, 1607. 

Expansion Test. 

See also Volume Change. 

Portland Cement, Autoclave Expansion of, 
Test for, 44. 

Preformed Expansion Joint Fillers for Con- 
crete, 518. 

Structural Board Thermal Insulation, 1185. 

Exposure Tests. 

See Weathering. 

Extraction, Methods of. 

(Methods of extraction are indexed under the 
materials and subjects covered by them). 

Extrusion Test. 

Expansion Joint Fillers, Preformed, for Con- 
crete, 518. 

F 

Fading Test. ® 

Glazed Masonry Units, 1245. 

Fatty Acids Test. ^ 

Tall Oil, 1524 . 


Felt Roofing. 

Asbestos Felt, Asphalt-Saturated and Asphalt- 
Coated, for Built-Up Roofs, Spec, for, 1420. 

Asbestos Felt, Asphalt-Saturated, for Water- 
proofing and Constructing Built-Up Roofs, 
Spec, for, 1418. 

Asphalt-Saturated, for Waterproofing and 
Built-Up Roofs, Spec, for, 676. 

Coal-Tar Saturated, for Waterproofing and 
Built-Up Roofs, Spec, for, 679. 

Fabrics, Felted and Woven, Saturated with 
Bituminous Substances for Waterproofing 
and Roofing, Testing of, 1433. 

Kerosine Number by the Vacuum Method, 
Test of Roofing and Flooring Felt, 1447. 

Roll Roofing, Cap Sheets, and Shingles, 
Asphalt, Testing of, 1440. 

Roofing, Asphalt, Surfaced with Coarse Min- 
eral Granules, Spec, for, 1423. 

Roofing, Asphalt, Surfaced with Powdered 
Talc or Mica, Spec, for, 1427. 

Shingles, Asphalt, Surfaced with Coarse Min- 
eral Granules, Spec, for, 1430, 

Siding, Asphalt, Surfaced with Coarse Mineral 
Granules, Spec, for, 688, 

Field Moisture Equivalent. 

Soils, Test for, 634. 

Filler. 

Asphalt Filler for Brick Pavements, Spec, for, 
536. 

Asphalt Mastic for Waterproofing, Mineral 
Filler, Spec, for, 670. 

Cement Grout Filler for Brick and Stone 
Block Pavements, Spec, for, 503. 

Coal-Tar Pitch for Stone Block Filler, Spec, 
for, 538. 

Definitions Relating to Paint, Varnish, Lac- 
quer, and Related Products, 1551. 

Expansion Joint Fillers, Preformed, for Con- 
crete, Spec, for, 509. Tentative Revision, 
1607. 

Expansion Joint Fillers, Preformed, for Con- 
crete, Testing of, 518. Tentative Revision, 
1607. 

Inspection of Filler at Bituminous Paving 
Plant, 603. 

Mineral Filler for Sheet Asphalt and Bitumi- 
nous Concrete Pavements, Spec, for, 507. 

Mineral Filler, Test for Sieve Analysis, 516. 

Pitch, Coal-Tar, for Stone Block Filler, Spec, 
for, 538. 

Tar, Spec, for, 1376. 
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Filter Block. 

Vitrified Clay Filter Block for Trickling Fil- 
ters, Spec, for, 1250. 

Fineness Modulus. 

Concrete Aggregates, Spec, for, 423. 

Concrete and Concrete Aggregates, Definitions 
Relating to, 490. 

Fineness Test. 

See also Mechanical Analysis; Particle 
Size. 

Cement, Hydraulic, by No. 200 Sieve, 55. 
Cement, Portland, by Turbidimeter, 47. 
Gypsum and Gypsum Products, 144. 

Fire Brick. 

See Refractories. 

Fire Clay. 

See also Refractories. 

Ground Fire Clay as a Mortar for Laying-Up 
Fireclay Brick, Spec, for, 267. Tentative 
Revision, 1603. 

Pyrometric Cone Equivalent (P.C.E.) of Re- 
fractory Materials, Test for, 294. Tenta- 
tive Revision, 1604. 

Sieve Analysis of Refractory Materials, Test 
for, 1309. 

Water Content of Refractory Materials, Test 
for, 1309. 

Fireclay Plastic Refractories. 

See Refractories. 

Fire Point. 

See also Flash Point. 

Open Cup Test for Fire Point, 981. 
Thermometers, Spec, for, 1129. 

Fire Tests. 

Building Construction and Materials, 234. 
Door Assemblies, 241. 

Wood, Test for Fire-Retardant Properties 
of, 1259. 

Fireproofing. 

See Fire Tests. 

Fittings, Pipe. 

See Pipe and Piping Materials. 

Flaking of Paint. 

See Paints ; Weathering. 

Flammability Test. 

See Fire Point; Fire Tests; Flash Point. 
Flash Point. 

Open Cup Test, 981. 

Tag Closed Tester, 984. 

Thermometers, Spec, for, 1129. 

Flexure Test. 

See also Crushing Strength Test. 

Brick, Modulus of Rupture Test, 178. 


Building Stone, Natural, 

Modulus of Elasticity Test, 217. 

Modulus of Rupture Test, 215. 

Concrete, 

Specimens from Hardened Concrete, Meth- 
ods of Securing, Preparing and Testing, 
460. 

Test for Flexural Strength Using Simple 
Beam with Third-Point Loading, 4S0. 

Test Specimens, Method of Making and 
Curing in Field, 466, 

Test Specimens, Method of Making and 
Curing in Laboratory, 1344. 

Drain Tile, 371. 

Fire Brick, Insulating, 315. 

Glass, 368. 

Gypsum and Gypsum Products, 144. 
Refractory Brick and Shapes, Modulus of 
Rupture, 319. 

Slate, Modulus of Rupture and Modulus of 
Elasticity, 226. 

Structural Board Thermal Insulation, 1185. 
Thermal Insulating Cement, Preformed Block 
Type, 1279. 

Timber, '’Small Clear Specimens, 730. 

Timbers in Structural Sixes, 761. 

Float Test. 

Bituminous Materials, 570. 

Floor Tile. 

See Tile. 

Floors. 

Fire Tests of Building Construction and Mate- 
rials, 234. 

Flow Test. 

See also Consistency Test; Plasticity; 
Viscosity. 

Aggregate, Fine, Test for Mortar Specimens 
for Structural Strength Test, 447. 
Bituminous Emulsions, Tests for Films De- 
posited from, 664. 

Concrete, Portland-Cement, Flow Table Test, 
474. 

Mortar, Portland-Cement, Test for Air Con- 
tent, 1227. 

Foots Test. 

Drying Oils, 967. 

Freezing-and-Thawing Test. 

Brick, 178. ^ 

Drain Tile, 371. 

Emulsified Asphalts, 559. 

Soil-Cement Mixtures, (Compacted, 647. 
Structural Clay Tile, 196. 
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Friability. 

Aggregate, Coaise, Test for Abrasion by Los 
Angeles Machine, 431. 

Gravel, Test for Abrasion by Deval Machine, 
1369. 

Rock, Test for Abrasion by Deval Machine, 
513. 

Furnace Brick. 

See Refractories. 

Furring Tile. 

See Tile. 

G 

Garnet Lac. 

See Shellac. 

Gillmore Needles. 

Hydraulic Cement, Test for Time of Setting, 

66 . 

Glass. 

Chemical Analysis of Glass Sand, Methods 
of, 332. 

Chemical Analysis of Soda-Lime Glass, 
Methods of, 338. 

Definition of, 1315. 

Flexure Testing of, 368. 

Glass Containers, 

Hydrostatic Pressure Test on, Methods 
of, 358. 

Polarisco[)ic Examination of, Methods of, 
362. 

Thermal Shock Test on, Methods of, 365, 
Strain, Method of Measuring, 368. 

Glazed Masonry Units. 

Specifications for, 1245, 

Gloss. 

See also Reflectivity. 

Paint Finishes, Test for Daylight 45 Degree, 
0 Degree Apparent Reflectance of, 1549. 
Specular Gloss of Paint Finishes, Test for, 
1544. 

Glycol. 

Acetate lAstcr of Ethylene Glycol Monoethyl 
Ether (95 to 96 per cent Grade), Spec, 
for, 1038. 

Ethylene Glycol Monobutyl Ether, Spec, for, 
1039. 

Ethylene Glycol Monoethyl Ether, Spec, for, 
1037. 

Lacquer Solvents and Diluents, Sampling and 
Testing of, 1053. 

Gold Bronze Powder. 

Gold Bronze Powder, Spec, for, 871. 


Gravel. 

See also Aggregates. 

Abrasion Test by Deval Machine, 1369. 
Abrasion Test by Los Angeles Machine, 431. 
Absorption Test, 443. 

Bituminous Concrete Base and Surface 
Courses of Pavements, Gravel for, Spec, for, 
1361. 

Clay Lumps, Test for, 434. 

Concrete Aggregates, Spec, for, 423. 
Defiinitions Relating to Concrete and Concrete 
Aggregates, 490. 

Material Finer than No. 200 Sieve, Test for, 
439. 

Sampling Gravel for Highway Materials, 1364. 
Sieve Analysis, Test for, 441. 

Soundness by Sodium Sulfate or Magnesium 
Sulfate, Test for, 1332. 

Specific Gravity, Test for, 443. 

Stabilized Base Course, Materials for. Spec, 
for, 1357. 

Stabilized Surface Course, Materials for. Spec, 
for, 1359. 

Standard Sizes for Highway Construction, 
Spec, for, 1355. 

Unit Weight, Test for, 449, 

Voids, Test for, 451. 

Water-Bound Macadam Base and Surface 
Courses of Pavements, Gravel for, Spec, for, 
495. 

Gravity. 

Thermometers, Spec, for, 1129. 

Grit. 

Mica Pigment, Methods of Analysis of, 1488. 
Grout. 

Bituminous Grout for Waterproofing Above 
Ground Level, Spec, for, 672. 

Bituminous Grout for Waterproofing Below 
Ground Level, Spec, for, 674. 

Bituminous Mastics, Grouts, and Like Mix- 
tures, Tests for, 691. 

Cement Grout Filler for Brick and Stone 
Block Pavements, Spec, for Materials for, 
503. 

Guarded Hot Plate Test. 

Thermal Conductivity of Materials, 1282. 

Gypsum. 

Definitions Relating to Gypsum, 158, 1244, 
Dental Plasters, Calcined Gypsum for, Spec. 

for, 133. Tentative Revision, 1603. 

Fire Tests of Building Construction and Mate- 
rials, 234. 

Gypsum, Spec, for, 122. 
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Gypsixm {Contimied). 

Keene’s Cement, Spec, for, 131. 

Lath, Spec, for, 137. 

Molding Plaster, Spec, for, 127. 

Partition Tile or Block, Spec, for, 141. 
Plasters, Spec, for, 124. 

Pottery Plaster, Spec, for, 129. 

Sand for Plaster, Spec, for, 103. 

Sheathing Board, Spec, for, 139. 

Testing Gypsum and Gypsum Products, 144. 

Tentative Revision, 1603. 

Wall Board, Spec, for, 135. 

H 

Hardness Test. 

Timber, Small Clear Specimens, 730. 

Timbers in Structural Sizes, 761. 

Veneer, Pl3rwood, and Other Wood and 
Wood-Base Materials, 1453. 

Verification of Testing Machines, 1153. 

Heat of Hydration Test. 

Portland Cement, 1231. 

Heat Transmission. 

See also Thermal Insulating Materials; 
Refractories. 

Symbols for Heat Transmission, 1312. 
Heating Test. 

Drying Oil, 967. 

Hiding Power Test. 

Definitions Relating to Paint, Varnish, Lac- 
quer, and Related Products, 1551. 

Paints, 1092. 

Pigments, White, in Linseed Oil Vehicle, 882. 
High-Early-Strength Cement. 

See Cement. 

High-Temperature Service Materials. 

See also Refractories. 

Blanket Thermal Insulation for Industrial 
Purposes, Emergency Spec, for, 1175. 

Pipe Covering, Preformed, Thermal Insula- 
tion, Emergency Spec, for, 1179. 

Thermal Insulating Cement, 

Asbestos, Spec, for, 1266. 

Diatomaceous Silica, Spec, for, 1274. 
Expanded or Exfoliated Vermiculite, Spec, 
for, 1271. 

Magnesia, 85 per cent, Spec, for, 1264, 
Mineral Wool, Spec, for, 1268. 

Hollow Tile. 

See Tile. 

Hydrated Lime. 

See Lime. 

Hydraulic Cement. 

See Cement. 


Hydraulic Lime. 

See also Cement. 

Defibnitions Relating to Lime, 1243. 

Hydraulic Hydrated Lime, for Structural 
Purposes, Spec, for, 87. 

Hydrochloric Acid Soluble Matter. 
Diatomaceous Silica Pigment, Methods of 
Analysis of, 1498, 

Hydrogen Ion Concentration Test. 

See also Neutralization. 

Barium Sulfate Pigments, 1484. 

Black Synthetic Iron Oxide, 1472. 

Venetian Red, 1480. 

Yellow Iron Oxide, Hydrated, 1482. 
Hydrostatic Pressure Test. 

Concrete Irrigation Pipe, 415. 

Concrete Sewer Pipe, 386. 

Glass Containers, 358. 

Hygroscopic Moisture. 

Pigments, Test for Hygroscopic Moisture, 886. 
Soils, Method of Mechanical Analysis, 616. 

! 

Immersion Test. 

Blistering of Organic Coatings on Metal, Test 
for Evaluating Degree of Resistance to, 1559. 
Changes in Protective Properties of Organic 
Coatings on Steel Surfaces When Subjected 
to Immersion, Emergency Test for, 1189. 
Impact Test. 

Fireclay Plastic Refractories, Test for Work- 
ability Index, 1299. 

Rock, Test for Toughness, 514, 

Timber, Small Clear Specimens, 730. 
Imperviousness Test. 

Glazed Masonry Units, 1245, 

Incinerator Materials. 

See also Refractories. 

Air-Setting Refractory Mortars (Wet Type), 
Spec, for, 1291. 

Fireclay Plastic Refractories for Boiler and 
Incinerator Services. Spec, for, 265. 
Refractories for Incinerators, Spec, for, 259. 
Indentation Test. 

See also Hardness Test; Penetration Test. 
Asphalt Plank, Spec, for, 539. 

Insulating Fire Brick. 

See Refractories. 

Iodine Number Test. 

Drying Oils, 967. 

Shellac, 993 

Iron Hydroxide and OxidSi. 

See also Pigments. 

Black Synthetic Iron Oxide, Spec, for, 1472. 
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Cliemical Analysis of Pigments Containing 
Iron and Manganese, Yellow, Orange, Red, 
and Brown, Methods of, 944. 

Iron Oxide Pigments, Red and Brown, Spec 
for, 1474. 

Mass Color and Tinting Strength Test for 
Color Pigments or Pastes, 900. 

Ocher, Spec, for, 843. 

Sienna, Burnt, Spec, for, 1479. 

Sienna, Raw, Spec, for, 1478. 

Umber, Burnt, Spec, for, 1477. 

Umber, Raw, Spec, for, 1476. 

Venetian Red, Spec, for, 1480. 

Yellow Iron Oxide, Hydrated, Spec, for, 1482. 
Irrigation Pipe. 

Concrete Irrigation Pipe, Spec, for, 415. 
Isopropyl Acetate. 

See Acetates; Solvents. 

Isopropyl Alcohol. 

See Alcohol; Solvents. 

J 

Japan Drier.?. 

Liquid Driers, Testing of, 1015. 

Liquid Paint Driers, Spec, for, 991. 

Joist. 

Static Tests of Timbers in Structural Sizes, 
761. 

Structural Wood Joist and Plank, Beams, and 
Stringers, Spec, for, 711. 

Jute. 

Felted and Woven Fabrics Saturated with 
Bituminous Substances for Waterproofing 
and Roofing, Tests for, 1433. 

K 

Keene’s Cement. 

Definitions Relating to Gypsum, 158. 
Gypsum and Gypsum Products, Tests for, 
144. Tentative Revision, 1603. 
Specifications for, 131. 

Kerosine Number. 

Roofing and Flooring Felt, Test for, by the 
Vacuum Method, 1447. 

Kinematic Viscosity. 

Conversion of Kinematic to Saybolt Furol 
Viscosity, Method for, 593. 
Thermometers, Spec, for, 1129. 

® 

L 

Lacquers, 

See also Solvent^ 

Abrasion Resistance by Air Blast Abrasion 
Tester, Test for, 1105. 


Blistering of Organic Coatings on Metal When 
Subjected to Immersion or Other Tests In- 
volving Exposure to Moisture or Liquids, 
Test for Evaluating Degree of Resistance 
to, 1559. 

Changes in Protective Properties of Organic 
Coatings on Steel Surfaces When Subjected 
to Immersion, Emergency Test for, 1 1 89. 

Coarse Particles in Pigments, Pastes, and 
Paints, Tests for, 879. 

Daylight 45 Degree, 0 Degree Apparent Re- 
flectance of Paint Finishes, Test for, 1549. 

Definitions Relating to Paint, Varnish, Lac- 
quer, and Related Products, 1551. 

Elongation of Lacquer Coatings by Conical 
Mandrel Test, 1063. 

Flash Point Test by Tag Closed Tester, 984. 

Lacquer Solvents and Diluents, Sampling 
and Testing of, 1035. 

Nitrocellulose Clear Lacquers and Lacquer 
Enamels, Testing of, 1068. 

Reactivity of Paint Liquids, Test for, 1013. 

Salt Spray (Fog) Test — see Part I, Book of 
A.S.T.M. Standards, p. 1843. 

Specular Gloss of Paint Finishes, Test for, 
1544. 

Water in Lacquer Solvents and Diluents, Test 
for, 1535. 

Lacs. 

See Shellac. 

Lactates. 

Ethyl Lactate, Synthetic, Spec, for, 1036. 

Lacquer Solvents and Diluents, Sampling and 
Testing of, 1053. 

Laminated Materials. 

Veneer, Plywood, and Other Wood and 
Wood-Base Materials, Testing of, 1453. 

Lampblack. 

Acetone Extract in Dry Lampblack, Test for 
909. 

Mass Color of Color Pigments, Test for, 900. 

Specifications for, 836. 

Tinting Strength of Color Pigments, Test 
for, 900. 

Lath. 

Definitions Relating to Gypsum, 158, 1244. 

Gypsum and Gypsum Products, Testing of, 
144. 

Gypsum Lath, Spec, for, 137. 

Structural Board Thermal Insulation, Emer- 
gency Spec, for, 1185. 

Lead Pigments. 

See also Pigments. 

Blue Lead; Basic Sulfate, Spec, for, 840. 
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Lead Pigments (Continued). 

Chemical Analysis of, 

Red Lead, Dry, Methods of, 917. 

White Pigments, Methods of, 921. 

Lead Titanate, Spec, for, 834. 

Red Lead, Spec, for, 859. 

White Lead, Basic Carbonate, Spec, for, 822. 
Wliite Lead, Basic Sulfate, Spec, for, 824. • 
Zinc Oxide, Leaded, Spec, for, 820. 

Le Chatelier Flask. 

Specific Gravity of Hydraulic Cement, Test 
for, 64. 

Length Measurement. 

Concrete Cores, Drilled, Test for, 478. 

Light Sensitivity Test. 

Traffic Paint, Test for, 1540. 

Lightweight Aggregate. 

See also Aggregates. 

Lightweight Aggregates for Concrete, Spec, 
for, 428. 

Lignite. 

See Coal. 

Lime. 

Chemical Analysis of Limestone, Quicklime, 
and Hydrated Lime, Methods of, 109. 
Definitions Relating to Lime, 121, 1243. 
Hydrated Lime for, 

Cooking of Rags in Paper Manufacture, 
Spec, for, 92. 

Normal Finishing, Spec, for, 85. 

Silica Brick Manufacture, Spec, for, 100. 
Textile Industry, Spec, for, 98. 

Varnish Manufacture, Spec, for, 96. 

Water Treatment, Spec, for, 101. 
Hydraulic Hydrated Lime, 

Fineness by the No. 200 Sieve, Test for, 
55. 

for Structural Purposes, Spec, for, 87. 
Normal Consistency of, Test for, 58. 

Time of Setting by the Vicat or Gillmore 
Needles, Test for, 66. 

Lime putty, preparation of, 83. 

Physical Tests for Quicklime and Hydrated 
Lime, 1238. 

Quicklime for, 

Cooking of Rags in Paper Manufacture, 
Spec, for, 92. 

Silica Brick Manufacture, Spec, for, 100. 
Structural Purposes, Spec, for, 83. 

Sulfite Pulp Manufacture, Spec, for, 94. 
Textile Industry, Spec, for, 98. 

Water Treatment, Spec, for, 101. 


Sampling, Inspection, Packing, and Marking 
of Quicklime and Lime Products, 105. 

Sand for Plaster, Spec, for, 103. 

Limestone. 

See Building Stone, Natural ; Lime. 
Linseed Oil. 

See also Drying Oils. 

Boiled Linseed Oil, Spec, for, 962. 

Drying Oils, Tests for, 967. 

Oil Absorption of Pigments, Test for, 888. 
Raw Linseed Oil, Spec, for, 961. 

Liquid Driers. 

Methods of Testing, 1015. 

Specifications for, 991. 

Liquid Limit Test. 

Soils, 626. 

Lithopone. 

Chemical Analysis of White Pigments, Meth- 
ods of, 921. 

Hiding Power, Dry, of White Pigments in a 
Linseed Oil Vehicle, Test for, 882. 

Tinting Strength of White Pigments, Test for, 
896. 

Zinc Sulfide Pigments, Spec, for, 828. Tenta- 
tive Revision, 1610. 

Los Angeles Abrasion Test. 

Coarse Aggregate, 431. 

Loss on Heat Test. 

See also Distillation Test. 

Aluminum Silicate Pigment, 1494. 
Diatomaceous Silica Pigment, 1498. 

Drying Oils, 967. 

Magnesium Silicate Pigment, 1491. 

Oil and Asphaltic Compounds, 1383. 
Thermometers, Spec, for, 1129. 

Lumber. 

See Wood. 

Macadam Paving Materials. 

See Asphalt; Bituminous Concrete and 
Macadam; Slag; Stone; Tar. 

Magnesia Insulation. 

See Refractories; Thermal Insulating 
Materials. 

Magnesium Pigments. 

See also Pigments. 

Magnesium Silicate Pigment, Methods of 
Analysis of, 1491, r 
Titanium Dioxide Pigments, Spec, for, 826, 
Zinc Sulfide Pigments, Spec, for, 828. Tenta- 
tive Revision, 1610. * 
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Magnesium Sulfate Test. 

Soundness of Aggregates, 1332. 

Marble. 

See Building Stone, Natural. 

Masonry Cement. 

See also Cement. 

Specifications for, 7, 1206. 

Masonry Concrete Units. 

See Concrete Masonry Units. 

Masonry Mortar. 

Aggregate for Masonry Mortar, Spec, for, 232. 
Air Content (Volumetric) of Freshly Mixed 
Concrete, Test for, 1340. 

Mortar for Reinforced Brick Masonry, Spec, 
for, 1256. 

Saniiding Fresh Concrete, Method of, 463. 

Mass Color. 

Color Pigments, Test for Mass Color and 
Tinting Strength, 900. 

Mastic, Bituminous. 

A.?phalt Mastic for Waterproofing, Asphalt 
Cement, Mineral Filler, Mineral Aggregate 
Spec, for, 670. 

Bituminous Materials, Test for Penetration, 
573. 

Testing Bituminous Mastics, Grouts, and 
Like Mixtures, 691. 

Mechanical Analysis. 

Aluminum Powder and Paste, 904. 

.Asphalt and Mineral Matter Mixtures, Test 
for Coarse Particles, 696. 

Coarse Aggregate for Highway Construction, 
Stiec. for Standard Sizes, 1355. 

Coarse Aggregates, Test for Sieve Analysis, 
441. 

Concrete Aggregates, 423. 
lune Aggrt gates. Test for Sieve Analysis, 441. 
Mineral Filler, Test for Sieve Analysis, 516. 
.Mineral Surfacing, Granular, for Asphalt 
Riiijfing and Shingles, Test for Sieve Analy- 
.-i.s 698. 

Miiu-ral Surfacing, Nongranular, for Asphalt 
Roofing and Shingles, Test for Sieve Analy- 
.sis, 701. 

Faini.s, Tests for Coarse Particles, 879. 
Particle Size Distribution of Subsieve Size 
Particulate Substances, Test for, 1575. 
Pigments and Prates, Tests for Coarse Par- 
ticles, 879. 

Porilaiul Cement, Test for Fineness by 
Turiridimeter,*17. 


Refractory MaterialSj Test for Sieve Analysis, 
1309. 

Screen (Sieve), Definitions of, 1169. 

Sieves for Testing Purposes, Spec, for, 1146. 
Soil Samples, Method of Preparation, 614. 
Soils, Method of Mechanical Analysis, 616. 
Tentative Revision, 1609. 

Mercuric Oxide. 

Chemical Analysis of Dry Mercuric Oxide, 
914. 

Toxic Ingredients in Anti-Fouling Paints, 
Spec, for, 874. 

Methods of Testing. 

(Methods of testing are indexed under the 
materials and subjects covered by them.) 
Methoxyl Method. 

Vinsol Resin in Portland Cement, Test for, 
1214. 

Methyl Ethyl Ketone. 

Lacquer Solvents and Diluents, Sampling and 
Testing, 1053. 

Specifications for, 1534. 

Mica. 

Asphalt Roofing Surfaced with Powdered Talc 
or Mica, Spec, for, 1427. 

Expanded or Exfoliated Vermiculite Thermal 
Insulating Cement, Spec, for, 1271. 
Pigment, Mica, Spec, for, 835. 

Pipe Covering, Preformed, Thermal Insula- 
tion, Emergency Spec, for, 1179. 

Sieve Analysis of Nongranular Mineral Sur- 
facing for Asphalt Roofing and Shingles, 
Test for, 701. 

Mica Pigment. 

See also Pigments. 

Methods of Analysis, 1488. 

Specifications for, 835. 

Mineral Filler. 

See Aggregates; Filler; Sand. 

Mineral Spirits. 

Petroleum Spirits (Mineral Spirits), Spec, for, 
965. 

Mineral Surfacing Materials. 

See also Roofing. 

Granular Mineral Surfacing for Asphalt Roof- 
ing and Shingles, Test for Sieve Analysis, 
698. 

Nongranular Mineral Surfacing for Asphalt 
Roofing and Sliingles, Test for Sieve Analy- 
sis, 701. 

Mineral Wool. 

See Thermal Insulating Materials. 
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Miscibility With Oil Test. 

Liquid Driers, 1015. 

Miscibility With Water Test. 

Emulsified Asphalts, 559. 

Mobility. 

Definitions Relating to Rheological Proper- 
ties, 1170. 

Modulus of Elasticity. 

See also Compression Testing; Tension 
Testing. 

Definitions Relating to Methods of Testing, 
1162. 

Natural Building Stone, Test for Modulus of 
Elasticity, 217. 

Slate, Method of Flexure Testing, Modulus 
of Elasticity, 226. 

Modulus of Rupture. 

See Flexure Test. 

Moisture Test. 

See also Blistering; Conditioning; Immer- 
sion Test; Rusting; Water. 

Aluminum Silicate Pigment, 1494. 

Barium Sulfate Pigments, 1484. 

Blistering of Organic Coatings on Metal 
When Subjected to Immersion or Other Tests 
Involving Exposure to Moisture or Liquids, 
Tests for Evaluating Degree of Resistance 
to, 1559. 

Diatomaceous Silica Pigment, 1498. 
Dipentene, 1517. 

Hygroscopic Moisture in Pigments, 886. 
Magnesium Silicate Pigment, 1491. 

Mica Pigment, 1488. 

Pine Oil, 1520. 

Shellac, 993. 

Soils, 

Centrifuge Moisture Equivalent, 631. 
Field Moisture Equivalent, 634. 
Freezing-and-Thawing Test of Soil-Cement 
Mixtures, 647. 

Liquid Limit, 626. 

Mechanical Analysis, 616. 
Moisture-Density Relations of, 1399. 
Moisture-Density Relations of Soil-Cement 
Mixtures, 640. 

Plastic Limit, 629. 

Plasticity Index, 629. 

Shrinkage Factors Test, 636. 
Wetting-and-Drying Test of Soil-Cement 
Mixtures, 643. 

Surface Moisture in Fine Aggregate, 1337. 
Tall Oil, 1524. 


Wood, 

Small Clear Specimens of Timber, 730. 
Structural Sizes, 761. 

Veneer, Plywood, and Other Wood and 
Wood-Base Materials, 1453. 

Mortar. 

Aggi-egate for Masonry Mortar, Spec, for, 232. 
Air Content (Volumetric) of Freshly Mixed 
Concrete, Test for, 1340. 

Air-Setting Refractory Mortars (Wet Type) 
for Boiler and Incinerator Services, Spec, 
for, 1291. 

Compressive Strength of Hydraulic-Cement 
Mortars, Test for, 76. 

Mortar for Reinforced Brick Masonry, Spec, 
for, 1256. 

Sampling Fresh Concrete, Method of, 463. 
Structural Strength of Fine Aggregate Using 
Constant Water-Cement-Ratio Mortar, Test 
for, 44-7. 

Tensile Strength of Hydraulic-Cement Mor- 
tars, Test for, 70. 

Naphtha. 

Distillation of Naphtha and Similar Petro- 
leum Products, Test for, 975, 

Xylene (Xylol), Industrial, or Solvent 
Naphtha, Spec, for, 1043. 

Natural Building Stone. 

See Building Stone, Natural. 

Natural Cement. 

See Cement. 

Naval Stores. 

Dipentene, Sampling and Testing of, 1517. 
Pine Oil, Sampling and Testing of, 1520. 
Rosin, 

Acid Number, Test for, 1021. 

Sampling and Grading, Methods of, 1512. 
Saponification Number, Test for, 1023. 
Softening Point by Ball and Shouldered 
Ring, Test for, 1580. 

Toluene Insoluble Solid Matter, Chiefly 
Sand, Chips, Dirt, and Bark, Test for, 1025, 
Tall Oil, Definitions of, 1532. 

Tall Oil, Testing of, 1524. 

■ Turpentine, Sampling and Testing of, 1501. 
Turpentine, Spirits, Speoi^ for, 963. 
Neutralization Test. 

Drying Oils, 967. 

Lacquer Solvents and DilSents, 1053. 
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Oleoresinous Varnishes, 1007. 

Pigtncnts, Test for Acidity, 876. 

Pigments, Test for Alkalinity, 876. 

Rosin, Test for Acid Number, 1021. 

Tall Oil, Test for Acid Number, 1524. 
Nitrocellulose. 

Abrasion Resistance by Air Blast Abrasion 
Tester, Test for, 1105. 

Nitrocellulose Clear Lacquers and Lacquer 
Enamels, Testing of, 1068. 

Soluble Nitrocellulose Base Solution, Test- 
ing of, 1071. 

Solulde Nitrocellulose, Spec, and Tests for, 
104^1. 

Thermometers for Stability Test of. Spec, for, 
1129. 

Nomenclature. 

See Definitions; Symbols. 

O 

Oak, 

See Wood. 

Ocher. 

Chemical Analysis of Yellow, Orange, Red, 
and Brown Pigments Containing Iron and 
Manganese, Methods of, 944. 

Specifications for, 843. 

I’inting Strength and Mass Color of Color Pig- 
ments, Test for, 900. 

Odor Test. 

Dipentene, 1517. 

Turpentine, 1501. 

Oiticica Oil. 

Drying Oils, Tests for, 967. 

Oiticica Oil (Permanently Liquid), Spec, for, 
1500. 

Oleoresinous Varnishes. 

See Varnishes. 

Opacity Test. 

Clazed Masonry Units, 1245. 

Organic Impurities Test. 

Rands fin- Concrete (Includes color chart), 438. 
Organic Solvents. 

See Solvents. 

P 

Paint Driers. 

See Driers. 

Paint Thinners. 

See also Solvents. 


Flash Point by Tag Closed Tester, Test for, 
984. 

Petroleum Spirits, Mineral Spirits, Spec, for, 
965. 

Turpentine, Sampling and Testing, 1501. 
Turpentine, Spec, for, 963. 

Paint Vehicles. 

See Drying Oils. 

Paints. 

See also Drying Oils; Lacquers; Naval 
Stores; Paint Thinners; Pigments; 
Shellac; Traffic Paint; Varnishes. 
Abrasion Resistance by Air Blast Abrasion 
Tester, Test for, 1105. 

Anti-Fouling Paints, Toxic Ingredients in (Dry 
Cuprous and Mercuric Oxides), Spec, for, 
874. 

Blistermg of Organic Coatings on Metal When 
Subjected to Immersion or Other Tests 
Involving Exposure to Moisture or Liquids, 
Test for Evaluating Degree of Resistance 
to, 1559. 

Carbon Arc Accelerated Weathering Unit, 
Recommended Practice for Characteristics 
of, 1593. 

Chalking of Exterior Paints of Linseed-Oil 
T 3 rpe, Method of Evaluating Degree of Re- 
sistance to, 1116. 

Changes in Protective Properties of Organic 
Coatings on Steel Surfaces When Subjected 
to Immersion, Emergency Test for, 1189. 
Checking of Exterior Paints of Linseed-Oil 
Type, Method of Evaluating Degree of Re- 
sistance to, 1118. 

Coarse Particles in Paints, Tests for, 879. 
Consistency of Exterior House Paints and 
Enamel-Type Paints, Test for, 1095. 
Cracking of Exterior Paints of Linseed-Oil 
T3q3e, Method of Evaluating Degree of Re- 
sistance to, 1121. 

Daylight 45 Degree, 0 Degree Apparent Re- 
flection of Paint Finishes, Test for, 1549. 
Definitions Relating to Paint, Varnish, Lac- 
quer, and Related Products, 1551. 

Erosion of Exterior Paints of Linseed-Oil 
Type, Method of Evaluatmg Degree of 
Reastance to, 1124. 

Flaking (Scaling) of Exterior Paints of the 
Linseed-Oil Type, Method of Evaluating 
Degree of Resistance to, 1563. 

Hiding Power of Paints, Test for, 1092. 

Liquid Paint Driers, Spec, for, 991. 
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Paints {Continued). 

Reactivity of Paint Liquids, Test for, 1013, 

Rusting, Evaluating Degree of Resistance to, 
Obtained -with Paint on Iron or Steel Sur- 
faces, Method for, 1109. 

Salt Spray (Fog) Test — see Part I, Book of 
A.S.T.M. Standards, p. 1843. 

Spectral Characteristics and Color of Objects 
and Materials, Test for, 1097. 

Specular Gloss of Paint Finishes, Test for, 
1544. 

Steel Panels, Preparation of, for Exposure 
Tests of Enamels for Exterior Service, 1558. 

Trafl&c Paint, 

Dry to No-Pick-Up Time, Test for, 1538. 
Light Sensitivity, Test for, 1540, 

Road Service Tests, Method of Conducting, 
1542. 

White Linseed Oil Paints, Methods of Chemi- 
cal Analysis, 1075. 

Wood Panels for Weathering Tests of Paints 
and Varnishes, Spec, for, 1555. 

Paper. 

Hydrated Lime for Cooking of Rags in Paper 
Manufacture,, Spec, for, 92. 

Kerosme Number of Roofing and Flooring 
Felt by the Vacumn Method, Test for, 1447. 

Quicklime for Cooking of Rags in Paper 
Ma,nufacture, Spec, for, 92. 

Quicklime for Sulfite Pulp Manufacture, 94. 

Waterproof Paper for Curing Concrete, Spec, 
for, 1349. 

Para Red. 

See also Pigments. 

Chemical Analysis of Yellow, Orange, Red, 
and Brown Pigments Containing Iron and 
Manganese, Methods of, 944. 

Mass Color of Color Pigments, Test for, 900. 

Reduced Para Red, Spec, for, 861. 

Tinting Strength of Color Pigments, Test for, 
900. 

Toner, C. P. Para Red, Spec, for, 863. 

Particle Size, 

See also Mechanical Analysis. 

Particle Size Distribution of Subsieve Size 
Particulate Substances, Test for, 1575. 

Portland Cement, Test for Fineness by 
Turbidimeter, 47. 

Refractory Materials, Test for Sieve Analysis, 
1309. 

Sieves for Testing Purposes, Spec, for, 1146. 

Soils, Method of Mechanical Analysis, 616. 
Tentative Revision, 1609. 


Partition Tile, 

See Tile. 

Pat Test, 

Hydraulic Cement, Test for Soundness Over 
Boiling Water, 61, 

Paving Materials. 

See Aggregates; Asphalt; Asphalt, Emul- 
sified; Bituminous Concrete and 
Macadam; Block; Brick; Cement; Con- 
crete; Gravel; Sand; Slag; Soils; 
Stone; Tar. 

Paving Plant Inspection. 

Bituminous Paving Plant, Recommended 
Practice for Inspection of, 603. 
Penetration Test. 

See also Absorption Test; Consistency 
Test; Hardness Test; Indentation Test. 
Bituminous Materials, 573, 

Residue of Specified Penetration, Test for, 575. 
Perilla Oil. 

Dr 3 dng Oils, Tests for, 967. 

Raw or Refined Perilla Oil, Spec, for, 960. 
Permissible Variations in Standards. 
Numerical Requirements in Standards, Rec- 
ommended Practices for Designation of, 
1585. 

Petroleum Spirits. 

Petroleum Spirits, Mineral Spirits, Spec, fur, 
965. 

pH Value. 

See Hydrogen Ion Concentration Test. 
Phthalic Anhydride. 

Alkyd Resin Solutions, Test for Phthalic 
Anhj'dride Content of, 1511. 

Pigments. 

See also Paints, 

Acidity or Alkalinity of Pigments, Test for, 
876. 

Black Pigments, 

Blue Lead; Basic Sulfate, Spec, for, 840. 
Bone Black, Dry, Test for Acetone E.xtract, 
909. 

Bone Black, Spec, for, 838. 

Carbon Black, Spec, for, 842. 

Iron Oxide, Black Sjmthetic, Spec, for, 1472. 
Lampblack, Dry, Test for Acetone Extract 
of, 909. 

Lampblack, Spec, for, 836. 

Bleeding of Pigments, TesJ; for, 877. 

Blue Pigments, 

Chemical Analysis of, Methods of, 934. 
Prussian Blue, Spec. fo», 845. 
Ultramarine Blue, Spec, for, 847. 
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Coarse Particles in Pigments, Pastes, and 
P.-iiiits, Tfls fcir, 879. 

(Ainrous Oxide, Dr}-, in Anti-Fouling Paints, 

Sfsec. for, 8/4. 

Cu]>rous Oxifk;, Dry, Method of Chemical 
Analysis of, 910. 

Detinitioiis Relating to Paint, Varnish, Lac- 
quer, tirid Related Products, ISSl. 

Green Pigments, 

Chnanc Green, Methods of Chemical Anal- 
.v.sis of, 934. 

Chniine flreen. Pure, Spec, for, 849. 
t 'lii-on.ie Green, Reduced, Spec, for, 851. 
Ghronie 0.\ide Green, Spec, for, 853. 
inding ihi’.ver, Dry, of Paints, Test for, 1092. 
fiidiing I’.nver. JJry, of White Pigments in a 
i.ir.seed Oii S'ehide, Test for, 882. 

i^iuisture in Pigments, Test for, 
SSG 

Mar.'i (a lur of Color Pigments, Test for, 
900. 

.Mereiuis: Dry, in ;\.nti-r'ouling Paints, 

Spec, for, 874. 

.\[errui:i; G.vide, Dry, Method of Chemical 
AnaK.d:. i)f, 9M. ’ 

.Muailu Pimiifuts, 

.Mun.inu.-n Pigment Paste for Paint, Spec. 
fr*r, 

.\huii;iinni Po'.vfler and Paste, Methods of 
.Sampling a.nd Testing, 904. 

.Mnriiinuni Pou'der for Paints (Aluminum 
Pronze Powder), Sjkt. for, 867. 

Go.'l Bronze Powder, Spec, for, 871. 

Zinc Dust O.Ietaliic Zinc Powder), Methods 
of Dljeiiiical Analysis of, 949. 

Zinc Du.st (Metallic Zinc Powder), Spec, for, 

Miiural Iron O.xide Pigment-S, 

Glu inical .\nalyHis of, IMethods of, 944. 
Iron Oxide, Red ami Brown, Spec, for, 1474. 
< trher, .SfH'c. for, 84.5. 

Sli-nna, Burnt, Spec, for, 1479. 

Sleni-a, Raw, Spec, for, 1478. 

Gm’iR-r. liurnl, Spec, for, 1477. 

Tniher, Raw, S[iec:. for, 1476. 

W'li', Red, Spec. for. 1480, 

Oil ABs'irpiiua of Pigments, Test for, 888. 
Pa.rtide Size DislriltuUon of Subsieve Particu- 
late Suhstance^ Test for, 1575. 

Red Figments, 

Paru Red, R<|luc('d, Spec, for, 861. 

Para Red Toner, C. P., Spec, for, 863. 


Red Lead, Dry, Methods of Chemical Anal- 
ysis of, 917. 

Red Lead, Spec, for, 859. 

Toluidine Toner, C. P., Spec, for, 865. 

Sieves for Testing Purposes, Spec, for, 1146. 

Specific Gravity of Pigments, Tests for, 889. 

Tinting Strength of Color Pigments, Test for, 
900. 

Tinting Strength of White Pigments, Test 
for, 896. 

White Linseed Oil Paints, Methods of Chemi- 
cal Analysis, 1075. 

White Pigments, 

Aluminum Silicate Pigment, Methods of 
Analysis of, 1494. 

Aluminum Silicate Pigment, Spec, for, 831. 
Barium Sulfate Pigments, Methods of Anal- 
ysis of, 1484. 

Barium Sulfate Pigments, Spec, for, 830, 
Chemical Analysis of. Methods of, 921, 
Diatomaceous Silica Pigment, Methods of 
Analysis of, 1498. 

Diatomaceous Silica Pigment, Spec, for, 832. 
Lead Titanate, Spec, for, 834. 

Lithopone, 828. Tentative Revision, 1610. 
Lithopone, Titanated, Spec, for, 828. Tent- 
tive Revision, 1610. 

Magnesium Silicate Pigment, Methods of 
Analysis of, 1491. 

Magnesium Silicate Pigment, Spec, for, 833. 
Mica Pigment, Methods of Analysis of, 1488. 
Mica Pigment, Spec, for, 835. 

Titanium Dioxide, Spec, for, 826. 

White Lead, Basic Carbonate, Spec, for, 822. 
White Lead, Basic Sulfate, Spec, for, 824. 
Zinc Oxide, Leaded, Spec, for, 820. 

Zinc Oxide, Spec, for, 818. 

Zinc Sulfide, Spec, for, 828. 

Yellow and Orange Pigments, 

Chemical Analysis of Yellow and Orange 
Pigments Containing Chromium Com- 
pounds, Methods of, 934. 

Chemical Analysis of Yellow and Orange 
Pigments Containing Iron and Manga- 
nese, Methods of, 944. 

Chrome Yellow and Chrome Orange, Spec, 
for, 855. 

Iron Oxide, Yellow Hydrated, Spec, for, 1482. 
Zinc Yellow, C. P. (Zinc Chromate), Spec, 
for, 857. 

Zinc Yellow Pigment (Zinc Chi-omate Yel- 
low), Methods of Chemical Analysis of, 
952. 
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Piles.- 

Round Timber Piles, Spec, for, 704. 

Structural Wood Joist and Plank, Beams and 
Stringers, and Posts and Timbers, Spec, for, 
711. 

Pine. 

See Wood. 

Pine Oil. 

Sampling and Testing of, 1520. 

Pipe and Piping Materials. 

Clay Pipe, 

Drain Tile, Spec, for, 371. 

Extra Strength, Spec, for, 1324. 

Sewer, Standard Strength, Spec, for, 1316. 
Concrete Pipe, 

Culvert, Reinforced, Spec, for, 404. 

Drain Tile, Spec, for, 371. 

Irrigation, Spec, for, 415. 

Sewer, Reinforced, Spec, for, 394. 

Sewer, Spec, for, 386. 

Drain Tile, Spec, for, 371. 

Laying Sewer Pipe, Recommended Practice 
for, 421. 

Thermal Insulation, Preformed Pipe Covering, . 
Emergency Spec, for, 1179. 

Pitch. 

See also Tar. 

.Coal-Tar Pitch for, 

Roofing, Dampproofing, and Waterproofing, 
Spec, for, 654. 

Steep Built-Up Roofs, Spec, for, 1416. 

Stone Block Filler, Spec, for, 538. 
Definitions Relating to Materials for Roads 
and Pavements, 611. 

Distillation Test for Tar Products Suitable 
for Road Treatment, 548. 

Ductility of Bitmninous Materials, Test for, 
556. 

Float Test for Bituminous Materials, 570. 
Sampling Bituminous Materials, 1379. 
Softening Point, 

Ball and Shouldered Ring Method, 1580. 
Cube-in-Water Method for Tar Products, 
Test for, 581. 

Ring-and-Ball Method for Bituminous 
Materials, Test for, 578. 

Specific Gravity of Road Oils, Road Tars, and 
Soft Tar Pitches, Test for, 586. 

Specific Gravity of Tar Pitches Sufficiently 
Solid to be Handled in Fragments, Test 
for, 584. 

Tar Products Suitable for Road Treatment, 
Test for Distillation, 548. 


Volume Correction Table for Tar and Coal- 
Tar Pitch, 666. 

Water in Petroleum Products and Otijer 
Bituminous Materials, Test for, 599, 
Weathering Test, Accelerated, of Bituminous 
Materials, Recommended Practice for, 1449. 

Plank. 

Asphalt, Plank, Spec, for, 539. 

Structural Wood Joist and Plank, Spec, for, 

711. 

Plaster. 

See also Thermal Insulating Materials. 
Gypsum, 

Definitions Relating to, 158. 

Dental Plaster, Spec, for, 133. Tentative 
Revision, 1603. 

Molding Plaster, Spec, for, 127. 

Plasters, Spec, for, 124. 

Pottery Plaster, Spec, for, 129. 

Specifications for, 122. 

Tests for, 144. Tentative Revision, 1603. 
Keene’s Cement, Spec, for, 131. 

Lime, Hydraulic Hydrated, for Structural 
Purposes, Spec, for, 87. 

Lime, Normal Finishing, Hydrated, Spec, 
for, 85. 

Quicklime for Structural Purposes, Spec, 
for, 83. 

Sand for Plaster, Spec, for, 103. 

Plaster Board. 

See Lath; Sheathing Board; Wall Board. 
Plastic Limit. 

Soils, Tests for Plastic Limit and Plasticity 
Index, 629. 

Plastic Mortar Test. 

Compressive Strength of Hydraulic-Cement 
Mortars, 76. 

Plastic Refractories. 

See Refractories. 

Plasticity. 

See also Consistency; Flow Tests; Vis- 
cosity. 

Definitions Relating to Gypsum, 1244. 
Definitions Relating to Rheological Proper- 
ties, 1170. 

Quicklime and Hydrated Lime, Methods of 
Physical Testing of, 1238. 

Soils, Test for Plastic Limit and Plasticity 
Index of, 629, 

Plastics. ** 

For specifications, definitions, and methods of 
test for plastics see ^art III, Book of 
A.S.T.M. Standards. 
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Plywood. 

Methods of Testing, 1453. 

Polariscopic Examination. 

Glass Containers, Methods of Polariscopic 
Examination, 362. 

Poles. 

Round Timber Piles, Spec, for, 704. 

Polymerization. 

Turpentine, Metliods of Testing, 1501. 

Porosity. 

Sec also Voids. 

Refractory Products, Burned, Test for 
Apparent Porosity, 325. 

Portland Cement. 

See Cement. 

Posts. 

Static Tests of Timbers in Structural Sizes, 
761. 

Structural Wood Posts and Timbers, Spec, 
for, 711. 

Primers. 

See Asphalt; Creosote; Coal-Tar Pitch; 
Paints; Tar. 

Propionates. 

Butyl Proinonate (90 to 93 per cent Grade), 
Spec, for, 1033. 

I/acquer Solvents and Diluents, Methods of 
Testing, 1053. 

Protective Coatings. 

See Creosote; Drying Oils; Lacquers; 
Paint Thinners; Paints; Pigments; 
Roofing; Shellac; Varnishes; Water- 
proofing Materials. 

Proving Levers. 

Verification of Testing Machines, 1153. 

Prussian Blue. 

See also Pigments. 

Chemical Analysis of Blue Pigments and 
Chrome Green, Methods of, 934. 

Specifications for, 845. 

Pulverized Lime. 

See Lime. 

Putty. 

Definitions Relating to Paint, Varnish, Lac- 
quer, and Related Products, 1551. 

Linseed Oil Putty for Glazing, Pure, Spec, 
for, 1127. 

Pyrometric Cone Equivalent. 

See also Refractories. 

Refractories, Definitions Relating to, 330. 

Refractory Materials, Test for Pyrometric 
Cone Equivalent (P.C.E.), 294, Tentative 
Revision, 1604. 


Q 

Quicklime. 

See Lime. 

R 

Rattler Test. 

See also Abrasion Test; Friability; Tough- 
ness Test. 

Coarse Aggregate, Test for Abrasion by Los 
Angeles Machine, 431. 

Paving Brick, 169. 

Rock, Test for Abrasion by Deval Machine, 
513. 

Reactivity Test. 

Paint Liquids, 1013. 

Ready-Mixed Concrete. 

See also Concrete. 

Specifications for, 453. 

Red Lead. 

See also Pigments. 

Chemical Analysis of, Methods of, 917. 

Specifications for, 859. 

Redwood. 

See Wood. 

Reflectivity. 

Paint Finishes, Test for Daylight 45 Degree, 
0 Degree Apparent Reflectance of, 1549. 

Spectral Characteristics and Color of Objects 
and Materials, Test for, 1097. 

Specular Gloss of Paint Finishes, Test for, 
1544. 

Refractive Index Test. 

Dipentene, 1517. 

Pine OU, 1520. 

Turpentine, 1501. 

Refractories. 

Absorption of Burned Refractory Products, 
325. 

Air-Setting Refractory Mortars (Wet Type) 
for Boiler and Incinerator Services, Spec, 
for, 1291. 

Burned Refractory Products, Tests for, 325. 

Chemical Analysis of Refractory Materials, 
Methods of, 271. 

Classification of Fireclay Refractories, 269. 

Classiflication of Insulating Back-Up Block 
and Insulating Fire Brick, 1294. 

Cold Crushing Strength of Refractory Brick 
and Shapes, Tests for, 319. 

Compressive Strength Test for Insulating 
Fire Brick, 315. 

Definitions Relating to Refractories, 330. 
Tentative Revision, 1606. 
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Refractories {Continued). 

Density, Bulk, of Burned Refractory Prod- 
ucts, Test for, 325. 

Density, Bulk, of Refractory Brick, Test for, 
322. 

Fireclay Plastic Refractories, 
for Boiler Furnaces and Incinerator 
Services, Spec, for, 265. 

Shrinkage, Combined Drying and Firing, 
Test for, 1297. 

Spalling, Thermal and Structural, Panel 
Test for, 1295. 

Workability Index, Test for, 1299. 

Flexural Strength Test for Insulating Fire 
Brick, 315. 

Ground Fire Clay as a Mortar for Laying-Up 
Fireclay Brick, Spec, for, 267. Tentative 
Revision, 1603. 

Heavy Duty Stationary Boiler Service, Re- 
fractories for. Spec, for, 253. 

Incinerators, Refractories for, Spec, for, 259. 

Insulating Fire Brick, Tests for, 315. 

Lime, Quicklime and Hydrated, for Silica 
Brick, Spec, for, 100. 

Load Test at High Temperatures of Fireclay 
Refractories, 310. 

Malleable Iron Furnaces and Annealing 
Ovens, Refractories for, Spec, for, 262. 

Moderate Duty Stationary Boiler Service, 
Refractories for, Spec, for, 257. 

Modulus of Rupture of Refractory Brick and 
Shapes, Tests for, 319, 

Particle Size Distribution of Subsieve Size 
Particulate Substances, Test for, 1575. 

Permanent Linear Change After Heating of 
Insulating Fire Brick, Test for, 315. 

Permanent Linear Change After Reheating of 
Refractory Brick, Test for, 308. 

Porosity of Burned Refractory Products, Test 
for, 325. 

Pyrometric Gone Equivalent (P.C.E.) of 
Refractory Materials, Test for, 294. Ten- 
tative Revision, 1604. 

Sieve Analysis of Refractory Materials, Test 
for, 1309. 

Sieves for Testing Purposes, Spec, for, 1146. 

Silica Brick, Spec, for Quicklime and Hy- 
drated Lime for, 100. 

Size of Refractory Brick, Test for, 322. 

Spalling Test, Thermal and Structural, 
Fireclay Plastic Refractories (Panel Test), 
1295. 


High Heat Duty Fireclay Brick (Panel 
Test), 304. Tentative Revision, 1606. 
Refractory Brick (Panel Te.st), 297. Tenta- 
tive Revision, 1605. 

Super Duty Fireclay Brick (Panel Test), 
306. Tentative Revision, 1606. 

Specific Gravity, Apparent, of Burned Re- 
fractory Products, Test for, 325. 

Specific Gravity, True, of Burned Refractory 
Materials, Test for, 328. 

Symbols for Heat Transmission, 1312. 
Thermal Conductivity of Insulatiiig Fire 
Brick, Test for, 1301. 

Warpage of Refractory Brick and Tile, Test 
for, 324. 

Water Absorption of Burned Refractor.v Prod- 
ucts, Test for, 325. 

Water Content of Refractory Materials, Test 
for, 1309. 

Refrigerator Insulation. 

Blanket Thermal Insulation for Refrigeration 
Purposes, Emergency Spec, for, 1177. 
Reinforced Brick Masonry. 

See Brick; Mortar. 

Resin. 

Definitions Relating to Paint, Varnish, Lac- 
ciuer, and Related Products, 1551. 
Oleoresinous Varnishes, Tests for, 1007. 
Phthalic Anhydride Content of Alkyd Resin 
Solutions, Test for, 1511. 

Rosin, 

Acid Number of. Test for, 1021. 

Sampling and Grading of, 1512. 
Saponification Number of, Test for, 1023. 
Toluene Insoluble Solid Matter in, Chiefly 
Sand, Chips, Dirt, and Bark, Test for, 
1025. 

Shellac, 

Dry Bleached, Spec, for, 988. 

Orange and other Lacs, Spec, for, 1.507. 
Orange, Test for Color of, 1508. 

Sampling and Analysis, Methods of, 993. 
Varnishes, Spec, for, 989. 

Softening Point by Ball and Shouldered Ring, 
Test for, 1580. 

Road Materials. 

See Aggregates; Asphalt; Asphalt, Emul- 
sified; Bituminous Conci’ete and Mac- 
adam; Block; Brick; tialcium Chloride; 
Cement; Concrete; Gravel; Sand; Slag; 
Sodium Chloride; Soils; Stone; Tar; 
Traffic Paint. ^ 
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Road Service Tests. 

Traffic Paint, 1542. 

Rock, 

See Aggregates; Stone, 

Rods. 

Glass, Flexure Test, 368. 

Glass, Strain Test, 368. 

Roofing. 

See also Waterproofing Materials. 

Asphalt for Built-Up Roof Coverings, Spec, 
for, 651. 

Asphalt for Dampjjroofmg and Waterproofing, 
Spec, for, 1413. 

Asphalt Roll Roofing, 

Methods of Testing, 1440. 

Surfaced with Coarse Mineral Granules, 
Spec, for, 1423. 

Surfaced with Powdered Talc or Mica, 
Spec, for, 1427. 

Wide Selvage, Surfaced with Coarse Mineral 
Granules, Spec, for, 685. 

Bituminous Mastics, Grouts, and Like Mix- 
tures, Tests for, 691. 

Cap Sheets, Asphalt, Tests for, 1440. 

Carlion Arc Accelerated Weathering Unit, 
Reconnncnded Practice for Characteristics 
of, 1593. 

Felt, Roofing, 

A.sphalt-Saturaled and Asphalt-Coated 
Asbestos, for Built-Up Roofs, Spec, for, 
1420. 

Asphalt-Saturated Asbestos, for Use in 
Waterproofing and in Constructing Built- 
Up Roofs, Spec, for, 1418. 
Asphalt-Saturated, for Waterproofing and 
Built-Up Roofs, Spec, for, 676. 
Coal-Tar Saturated, for Built-Up Roofs, 
Slice, for, 679. 

Kero.'ine Xurnber, Test for by the Vacuum 
.\rethod, 1447. 

d'csls for Felted and Woven Fabrics Satu- 
rated with Bituminous Substances for 
Wateiproofing and Roofing, 1433. 

Fire Tests of Building Construction and 
Materials, 234. 

Afineral Surfacing, Granular, for Asphalt 
Roofing and Shingles, Test for Sieve Analy- 
st.- of, 698. 

Mineral Siui'acin.g, Nongranular, for Asphalt 
Roofing and Shingles, Test for Sieve Analy- 
sis of, 701. 

Pitch, Coal-Tar? for Roofing, Spec, for, 654. 


Pitch, Coal-Tar, for Steep Built-Up Roofs, 
Spec, for, 1416. 

Shingles, Asphalt, Surfaced with Coarse 
Mineral Granules, Spec, for, 1430. 

Shingles, Asphalt, Tests for, 1440. 

Siding, Asphalt, Surfaced with Coarse Mineral 
Granules, Spec, for, 688, 

Slate, Flexure Testing (Modulus of Rupture 
and Modulus of Elasticity), 226. 

Slate, Test for Water Absorption, 229. 

Structural Board Thermal Insulation, Emer- 
gency Spec, for, 1185. 

Volume Correction Table for Liquid As- 
phaltic Products, 594. 

Weatlrering Test, Accelerated, of Bituminous 
Materials, Recommended Practice, 1449. 

Rosin. 

See Resin. 

Rosin Acids Test. 

Tall Oil, 1524. 

Tall Oil, Definitions of, 1532. 

Rubber Expansion Joint. 

Preformed Expansion Joint Fillers for Con- 
crete, Spec, for, 509. 

Preformed Expansion Joint Fillers for Con- 
crete, Testing of, 518. 

Run Kauri Reduction Test. 

Oleoresinous Varnishes, 1007. 

Rusting. 

Evaluating Degree of Resistance to Rusting 
Obtained With Paint on Iron or Steel Sur- 
faces, Method for, 1109. 

s 

Salt Spray Test. 

Method of — See Part I, Book of A.S.T.M. 
Standards, p. 1843. 

Sampling. 

(Methods of sampling are indexed under the 
materials and subjects covered by them.) 

Sand. 

See also Aggregates. 

Absorption, Test for, 4-45. 

Aggregate for Masonry Mortar, Spec, for, 232, 

Clay Lumps in Aggregates, Test for, 434. 

Coal and Lignite in Sand, Test for, 436. 

Colors of treated sands with suggested ranges 
of application in test for organic impurities, 
Color Insert Plate, 438. 

Concrete Aggregates, Spec, for, 423. 

Definition of Sand, 452. 


1640 


Index of A.S.T.M. Standards, Part II 


Sand {Contimied). 

Glass Sand, Methods of Chemical Analysis 
of, 332. 

Inspection of Sand at Bituminous Paving 
Plant, Recommended Practice for, 603. 

Material Finer than No. 200 Sieve in Ag- 
gregates, Test for, 439. 

Mineral Aggregate for. 

Asphalt Mastic for Waterproofing, Spec, 
for, 670. 

Cement Grout Filler for Brick and Stone 
Block Pavements, Spec, for, 503 
Cement-Sand Bed for Brick and Block Pave- 
ments, Spec, for, 505. 

Organic Impurities in Sands for Concrete, 
Test for, 438. 

Sampling Gravel and Sand for Use as Highway 
Materials, Methods of, 1364. 

Sand for Plaster, Spec, for, 103. 

Sand for Sheet Asphalt and Bituminous Con- 
crete Pavements, Spec, for, 508. 

Sand in Set Plaster, Test for Gypsum Prod- 
ucts, 144. 

Sieve Analysis of Fine and Coarse Aggregates, 
Test for, 441, 

Soundness of Aggregates by Use of Sodium 
or Magnesium Sulfate, Test for, 1332. 

Specific Gravity of Fine Aggregate, Test for, 
445. 

Stabilized Base Course, Materials for, Spec, 
for, 1357. 

Stabilized Surface Course, Materials for, 
Spec, for, 1359. 

Structural Strength of Fine Aggregate by 
Constant Water-Cement-Ratio Mortar, Test 
for, 447. 

Surface Moisture in Fine Aggregate, Test for, 
1337. 

Unit Weight of Aggregate, Test for, 449. 

Voids in Aggregates for Concrete, Test for, 
451. 

Sand-Lime Brick. 

Absorption (Suction), Test for Initial Rate 
of, 178. 

Absorption Test; 178. 

Building Brick, Spec, for, 167. 

Compressive Strength Test, 178. 

Efflorescence Test, 178. 

Freezing-and^Thawing Test, 178. 

Methods of Sampling, 178. 

Modulus of Rupture Test, 178. 


Saponification Number. 

Drying Oils, 967. 

Rosin, 1023. 

Tall Oil, 1524. 

Saybolt Viscosity. 

Conversion of Kinematic to Saybolt Furol 
Viscosity, Method for, 593. 

Thermometers, Spec, for, 1129. 

Viscosity by Saybolt Viscosimeter, Test for, 
588. 

Scaffolding. 

See also Wood. 

Fire-Retardant Properties of Wood, Test for, 
1259. 

Scaling of Paint. 

See Paint; Weathering. 

Screens. 

See Sieves. 

Settlement Test. 

Diatomaceous Silica Pigment, Methods of 
Analysis of, 1498. 

Emulsified Asphalts, 559. 

Sewer Brick. 

Sewer Brick Made from Clay or Shale, Spec, 
for, 176. 

Sewer Pipe. 

See also Drain Tile. 

Clay, Extra Strength, Spec, for, 1324, 

Clay, Standard Strength, Spec, for, 1316. 
Concrete, Spec, for, 386. 

Laying Sewer Pipe, Recommended Practice 
for, 421. 

Reinforced Concrete, Spec, for, 394. 

Shear Test. 

Building Stone, Natural, 221. 

Timber, Small Clear Specimens, 730. 
Timbers in Structural Sizes, 761. 

Veneer, Plywood, and Other Wood and 
Wood-Base Materials, 1453. 

Sheathing Board. 

Definitions of Terms Relating to Gypsum, 158. 
Gypsum and Gjq)sum Products, Testing of, 
144. 

Gypsum Sheathing Board, Spec, for, 139. 
Structural Board Thermal Insulation, Emer- 
gency Spec, for, 1185, 

Shellac. 

Abrasion Resistance by Air Bla.st Abrasion 
Tester, Test for, 1105. ® 

Bleached Shellac, Dry, Spec, for, 988. 

Color of Orange Shellac, Test for, 1508. 
Daylight 45 Degree, 0 Degfee Apparent Re- 
flectance of Paint Finishes, Test for, 1549. 
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tjrange Shellac and other Lacs, Spec, for, 1507. 
Salt Spray (Fog) Test— see Part I, Book of 
A.S.T.M. Standards, p. 1843. 

Sampling and Analysis of Shellac, Methods of, 

993, 

Shellac Varnishes, Spec, for, 989. 

Shingles. 

See also Roofing. 

Asphalt Shingles Surfaced with Coarse Min- 
eral Gr.'mules, Spec, for, 1430. 

.\sphalt Shingles, Tests for, 1440, 

.■\sphuit Siding Surfaced with Coarse Mineral 
Cranules, Spec, for, 688. 

Cranuhir .Mineral Surfacing for Asphalt 
Slnngk's, Test for Sieve Analysis of, 698. 
Xnngranuiar, Mineral Surfacing for Asphalt 
Shingles, Test for Sieve Analysis of, 701. 
Ship-Bottom Paints. 

See Anti-Fouling Paints. 

Shoring. 

See also Wood. 

Fire-Retardant Proiierties of Wood, Test for, 
12.59. 

Shrinkage Test, 

.Swii also Volume Change, 
lureclay Plactic Refractories, Combined Dry- 
ing and Firing Shrinkage, 1297. 

Insul.Uing Fire Frick, 315. 

Soils, Test for Shrinkage Factors, 636. 

Siding. 

Asphalt Siding Surfaced \vith Coarse Mineral 
Granules, Spec, for, 688. 

Sienna. 

Burnt Sienna, Spec, for, 1479. 

Raw Sienna. .Spa'C. for, 1478. 

Sieves, 

See also Mechanical Analysis. 

Dcrnsition of Screen f Sieve), 1169. 

Dehnition? Relating to Materials for Roads 
anti Faveiutiiis, 611. 

Sieve Auaivvis of Granular Mineral Surfacing 
ft..r A.-plialt Roofing and Shingles, Test 
for, 69S. 

.Sieve Anaiveir, of Xongranular Mineral Sur- 
facing for Asphalt Roofing and Shingles 
Te.-,!. f(;r, 7i)l. 

Sieves ffir I'csting Puri)oses, Spec, for, 1146. 
Silica Brick. 

See Rc-fractorie.s. 
vSilica Pigments. 

See ali-t) Pigments, 

Ahnninuni Siycate Pigment, Methods of 

.\ua!»G of. 1491. 


Standards, Part II 

Aluminum Silicate Pigment, Spec, for, 831. 
Diatomaceous Silica Pigment, Methods of 
Analysis of, 1498. 

Diatomaceous Silica Pigment, Spec, for, 832. 
Magnesium Silicate Pigment, Methods of 
Analysis of, 1491. 

Magnesium Silicate Pigment, Spec, for, 833. 
Silt. 

Material Finer than No. 200 Sieve in Ag- 
gregates, Test for, 439. 

Skinning Test. 

Oleoresinous Varnishes, Tests for, 1007. 

Slag. 

See also Aggregates. 

Abrasion of Coarse Aggregate by Los Angeles 
Macliine, Test for, 431. 

Absorption of Coarse Aggregate, Test for, 443, 
Concrete Aggregates, Spec, for, 423. 

Crushed Slag for Pavements, 

Bituminous Concrete Base and Surface 
Courses, Spec, for, 1361. 

Bituminous Macadam Base and Surface 
Courses, Spec, for, 492. 

Water-Bound Macadam Base and Surface 
Courses, Spec, for, 495. 

Definitions Relating to Concrete and Concrete 
Aggregates, 490, 

Inspection of Slag at Bituminous Paving 
Plant, Recommended Practice for, 603. 
Lightweight Aggregates for Concrete, Spec, 
for, 428. 

Sampling Slag for Use as Highway Materials, 
Methods of, 1364. 

Sieve Analysis, Test for, 441. 

Soundness by Use of Sodium or Magnesium 
Sulfate, Test for, 1332. 

Specific Gravity, Test for, 443. 

Stabilized Base Course, Materials for, Spec, 
for, 1357. 

Stabilized Surface Course, Materials for, 
Spec, for, 1359. 

Standard Sizes of Coarse Aggregate for High- 
way Construction, Spec, for, 1355. 

Unit Weight, Test for, 449. 

Slate. 

Definition of Slate, 231. 

Flexure Testing of Slate, Modii’us of Rupture 
and Modulus of Elasticity, Method of, 226. 
Granular Mineral Surfacing tor Asphalt Roof- 
ing and Shingles, Test for Sieve Analysis, 
698., 

Water Absorption of Slate, Test for, 229. 
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Slump Test. 

See also Consistency Test. 

I Consistency of Portland-Cement Concrete, 

I- 476. 

Sodium Chloride. 

Specifications for, 512. 

Sodium Silicate. 

Sodium Silicate for Curing Concrete, Spec, 
for, 491. 

Sodium Sulfate Test. 

Soundness of Aggregates by Use of Sodium 
Sulfate, 1332. 

Softening Point Test, 

See also Consistency Test; Melting Point; 
Pyronietric Cone Equivalent. 

Asphalts, Tars, Pitches, and Resins, by Ball 
and Shouldered Ring Apparatus, 1580. 

Bituminous Materials, by Ring-and-Ball Ap- 
paratus, 578. 

Tar Products, by Cube-in- Water Method, 
581. 

Thermometers, Spec, for, 1129. 

Soils. 

Cement Content of Soil-Cement Mixtures, 
Test for, 1402. 

Centrifuge Moisture Equivalent of Soils, 
Test for, 631. 

Definitions of Terms and Symbols Relating 
to Soil Mechanics, 1406. 

Field Moisture Equivalent of Soils, Test for, 
634. 

Freezing-and-Thawing Test for Compacted 
Soil-Cement Mixtures, 647. 

Liquid Limit of Soils, Test for, 626. 

Mechanical Analysis of Soils, Method of, 616. 
Tentative Revision, 1609. 

Moisture-Density Relations of Soil-Cement 
Mixtures, Test for, 640. 

Moisture-Density Relations of, Test for, 1399. 

Plastic Limit of Soils, Test for, 629. 

Plasticity Index of Soils, Test for, 629. 

Preparing Soil Samples for Mechanical Analy- 
sis and Determination of Subgrade Soil Con- 
stants, Method of, 614. 

Sampling Soils for Highway Subgrades, 
Methods of, 1390. 

Shrinkage Factors of Soils, Test for, 636. 

Stabilized Ease Course, Materials for. Spec, 
for, 1357. 

Stabilized Surface Course, Materials for, 
Spec, for, 1359. 

Surveying Soils for Highway Subgrades, 
Methods of, 1390. 


Wetting-and-Drying Test of Compacted Soil- 
Cement Mixtures, 643. 

Solvents. 

Acetate Ester of Ethylene Glycol Monoethyl 
Ether, 95 to 96 per cent Grade, Spec, for, 

1038. 

Acetone, Spec, for, 1026. 

Am yl Acetate Made from Fusel Oil, Spec, 
for, 1029. 

Amyl Acetate, Synthetic, Spec, for, 1028. 
Amyl Alcohol, Synthetic, Spec, for, 1027, 
Benzene (Benzol), Industrial 90 per cent, 
Spec, for, 1030. 

Butanol, Normal Butyl Alcohol, Spec, for, 
1031. ’ 

Butyl Acetate, Normal, 88 to 92 per cent 
Grade, Spec, for, 1032. 

Butyl Propionate, 90 to 93 per cent Grade, 
Spec, for, 1033. 

Dibutylphthalate, Spec, for, 1034. 

Dipentene, Sampling and Testing of, 1517. 
Distillation Test for Naphtha and Similar 
Petroleum Products, 97.5. 

Distillation Thermometers, Spec, for, 1567. 
Ethyl Acetate, 85 to 88 per cent Grade, S[3ec. 
for, 1035. 

Ethyl Lactate, Synthetic, Spec, for, 1030. 
Ethylene Gli'col Monoliutyl Ether, Spec, for, 

1039. 

Ethylene Glycol Monocthyl Ether, Spec, for, 
1037. 

Flash Point by Tag Closed Tester, Test 
for, 984. 

Isopropyl Acetate, Spec, for, 1040. 

IsoprojiyI Alcohol, Spec, for, 1533. 

Lacquer Solvents and Diluents, Sampling and 
Testing of, 1053. 

Methyl Ethyl Ketone, Spec, for, 1534. 

Pine Oil, Sampling and Tesliirg of, 1520. 
Toluene (Toluol), Industrial Pure, Spec, 
for, 1041. 

Tricres 3 d Phosphate, Spec, for, 1042. 
Turpentine, Sampling and Testing of, 1501. 
Water in Lacquer Solvents and Diluents, Test 
for, 1535. 

Xylene (Xylol), Industrial, or Solvent Naph- 
tha, Spec, for, 1043. 

Solvents Distillation Thermometers. 

Specifications for, 1567. ® 

Soundness Test. 

Aggregates, by Sodium or Magnesium Sulfate, 
1332. * 
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Autoclave Expansion of Portland Cement, 44. 
Hydraulic Cement, Over Boiling Water (Pat 
Test), 61. 

Soiitliem Pine. 

See Wood. 

Soybean Oil. 

Drying Oiis, Test for, 967. 

■Ruvr Soyiican Oil, S[)cc. for, 959. 

Spalling Test. 

.^ee also Tliernial Shock Test. 
lJefinili(jns Rdaling to Refractories, 330. 
Panel 'i'est !or Resistance to Thermal and 
Structural Siialling of, 

.Fireclay Pia.'tic Refractories, 1295. 

Higl’i Heat Duty Fireclay Brick, 304. 

'I’erifiilive Revision, 1606. 

Refrac'ory Brick. 297. Tentative Revision, 
1605. 

SuiJcr Duty l’irec!a.y Brick, 306. Tentative 
Revision, 1606. 

Specific Gravity Test. 

A.cgre.s.'ate, CDa,r.se, 443. 

-Augregate, Fine, 445. 

Asphalt Cemerts, 586. 

.Aspha.i!,-; Sursldetitiy Solid to be Handled in 
Ffagmenfs, 5?*.}. 

Buillling Slone, Natural, 213. 

(’reo.Aote, 801. 

Oeii.'uie Fraclions, 803. 

Creosote, Specific Gravity Correction Tables, 
811. 

Definitions Relating to, 1167. 

DipeiUene, 1517. 

Drying Oiis, 967. 

Ilydrauiic Cement, 64. 

I.ac'iuer Solvents and Diluents, 10.53. 
Pitnr.ents, S89. 

JMimOn. 1.^20 

Relnu tt-ry Brick, 'Best for Bulk Density, 322. 
Refractory Materials, Burned, Test for True 
Speeiiir firavity, ,>iS. 

Refractory Products. Burned, Tests for .Appar- 
ent S]ieufie (irac'ity and Bulk Density, 325. 
Road Oiis, 5S6. 

Soil', 616. 'reiitative Revision, 1608. 

Soi!.-, 'Pest for Sliriiikage Factors, 636. 

Tar, 

Coai d’ar, Specific Gravity Correction Ta- 

!4es for, 814. 

Pitches, Soft, 5S(), 

PitclH.s, Sufficiently Solid to Be Handled in 
Fragmeiit* 584. 

Road 'Tar.-'-, 586. 


Thermometers, Spec, for, 1129. 

Timber, 730. 

Turpentine, 1501. 

Veneer, Pl 5 rwood, and Other Wood and 
Wood-Base Materials, 1453. 
Specifications. 

(Specifications are indexed under the mate- 
rials and subjects covered by them.) 
Spectral Reflectivity. 

Spectral Characteristics and Color of Objects 
and Materials, Test for, 1097. 

Splitting Resistance Test. 

.Asphalt Plank, 539. 

Timber (Cleavage Test), 730. 

Sponge Rubber. 

Joint Fillers, Preformed, Spec, for, 509. 

Joint Fillers, Preformed, Tests for, 518. 
Spot Test. 

Dipentene, 1517. 

Stability Test. 

Soluble Nitrocellulose, 1044. 

Thermometers for Stability Test for Nitro- 
cellulose, Spec, for, 1129. 

Steel. 

Changes in Protective Properties of Organic 
Coatings on Steel Surfaces When Subjected 
to Immersion, Emergency Test for, 1189. 
Panels for Exposure Tests of Enamels for 
Exterior Service, Preparation of, 1558. 
Rusting, Evaluating Degree of Resistance 
Obtained with Paint on Iron or Steel Sur- 
faces, Method for, 1109. 

Stone. 

See also Aggregates. 

Abrasion of Coarse Aggregate by Los Angeles 
Machine, Test for, 431. 

Abrasion of Gravel by Deval Machine, Test 
for, 1369. 

Abrasion of Rock by Deval Machine, Test for, 
513. 

Absorption of Coarse Aggregate, Test for, 443. 
Block, 

for Durax Granite Pavements, Spec, for, 
501. 

for Granite Pavements, Spec, for, 497. 
Recut for Granite Pavements, Spec, for, 499. 
Building Stone, Natural, 

Absorption Test, 213. 

Compressive Strength Test, 1253. 

Flexure Test, Modulus of Rupture, 215. 
Modulus of Elasticity Test, 217. 

Shear Test, 221. 

Specific Gravity Test, 213. 
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Stone iContimed). 

Concrete Aggregates, Spec, for, 423. 

Crushed Stone for, 

Bituminous Concrete Base and Surface 
Courses, Spec, for, 1361. 

Bituminous Macadam Base and Surface 
Courses, Spec, for, 492. 

Water-Bound Macadam Base and Surface 
Courses, Spec, for, 495. 

Definitions Relating to Concrete and Concrete 
Aggregates, 490. 

Inspection of Stone at Bituminous Paving 
Plant, Recommended Practice for, 603. 

Sampling Stone and Stone Block for Use as 
Highway Materials, Methods of, 1364. 

Sieve Analysis of Fine and Coarse Aggregates, 
Test for, 441. 

Sieve Analysis of Granular Mineral Surfacing 
for Asphalt Roofing and Shingles, Test for, 
698. 

Soundness of Aggregates by Sodium or Mag- 
nesium Sulfate, Test for, 1332. 

Specific Gravity of Coarse Aggregate, Test 
for, 4^13. 

Stabilized Base Course, Materials for. Spec, 
for, 1357. 

Stabilized Surface Course, Materials for, 
Spec, for, 1359. 

Standard Sizes of Coarse Aggregate for High- 
way Construction, Spec, for, 1355. 

Toughness of Rock, Test for, 514. 

Unit Weight of Aggregate, Test for, 449. 

Voids in Aggregate for Concrete, Test for, 451. 

Stormer Viscosimeter. 

Consistency of Exterior House Paints and 
Enamel-Type Paints, 1095. 

Strain Test. 

Glass, Flexure Test for Measuring Strain, 368. 

Stress, Strain. 

Definitions Relating to Methods of Testing, 
1162. 

Stringers. 

Static Tests of Timbers in Structural Sizes, 
761. 

Structural Wood Joist and Plank, Beams and 
Stringers, Spec, for, 711. 

Structural Clay Tile. 

See Tile. 

Structural Insulating Board. 

Structural Board Thermal Insulation, Emer- 
gency Spec, for, 1185. 

Structural Lime. 

See Lime. 


Structural Timber. 

See Wood. 

Suction Test. 

Brick, Initial Rate of Absorption, 178. 

Surface Moisture. 

See Moisture. 

Symbols. 

Symbols for Heat Transmission, 1312. 

Symbols for Soil Mechanics, 1406. 

T 

Tag Closed Tester. 

Thermometers, .Spec, for, 1129. 

Talc. 

See also Roofing. 

Magnesium Silicate Pigment, Spec, for, 833. 

Sieve Analysis of Nongranular Mineral Sur- 
facing for Asphalt Roofing and Shingles, 
Test for, 701. 

Tall Oil. 

Definitions Relating to, 1532. 

Methods of Testing, 1524. 

Tar. 

See also Coal Tar Pitch; Creosote; Pitch. 

Bitumen, Test for Determination of, 543. 

Creosote - Coal Tar Solution, Spec, for, 785. 

Definitions Relating to Materials for *Roads 
and Pavements, 611. 

Definitions Relating to Timljcr Preserva- 
tives, 817. 

Distillation of Tar Products for Road Treat- 
ment, Test for, 548. 

Ductility of Bituminous Materials, Test for, 
556. 

Float Test for Bituminous Materials, 570. 

Sampling Bituminous Materials, Methods of, 
1379. 

Softening Point Test, 

Ball and Shouldered Ring Method, 1580. 
Cube-in-Water Method, 581. 

Ring-and-Ball Method, 578. 

Specific Gravity Tables for Creosote and 
Coal Tar, 811. 

Specific Gravity Test, 586. 

Specifications for, 1376. 

Tar Adds in Creosote and Creosote - Coal Tar 
Solutions, Test for, 808. 

Volume Correction Table for Tar and Coal- 
Tar Pitch, 666. * 

Volume Correction Tables for Creosote and 
Coal Tar, 811. 

Water in Petroleum ProductI and Other Bitu- 
minous Materials, Test for, 599. 
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Temper Test. 

Giass Containers, Methods of Polariscopic 
Examination, 362. 

Tension Testing, 

Definitions Relating to Methods of Testing, 
1162. 

Elongation of Attached Lacquer Coatings with 
the Conical Mandrel, Test for, 1063. 

Gypsum and Gjqasum Products, 144. 

Hydraulic-Cement Mortars, 70. 

Timber, Small Clear Specimens, 730. 

Veneer, Plywood, and Other Wood and 
Wood-Base Materials, 1453. 

Verification of Testing Machines, 1153. 

Terpene Hydrocarbons. 

See Naval Stores. 

Testing Apparatus. 

(Standards which include requirements for 
testing apparatus are also indexed under 
the names of the apparatus or the appro- 
priate test methods.) 

Verification of Testing Machines, 1153. 

Testing, Physical Methods of. 

(Method.s of physical testing are indexed under 
the materials and subjects covered by them.) 

Thawing Test. 

See Freezing and Thawing Test. 

Thermal Conductivity Test. 

Insulating Fire Brick, 1301. 

Symbols for Heat Transmission, 1312. 

Thermal Insulation, Guarded Hot Plate 
Method, 1282. 

Thermal Insulating Materials. 

See also Refractories. 

Asbestos Thermal Insulating Cement, Spec, 
for, 1266. 

Blanket Thermal Insulation for Building Pur- 
poses, Emergency Spec, for, 1173. 

Blanket Thermal Insulation for Industrial 
Purposes, Emergency Spec, for, 1175. 

Blanket Thermal Insulation for Refrigeration 
Purposes, Emergency Spec, for, 1177. 

Bulk Density of Thermal Imsulating Cement, 
Test for, 248. 

Compressive Strength and Flexural Strengtli 
of Preformed Block Type Thermal Insulat- 
ing Materials, Test for, 1279. 

Conductivity, Thermal, of Materials by 
Guarded HotTIate, Test for, 1282. 

Covering Capacity and Volume Change Upon 
Drying of Tljermal Insulating Cement, Test 
for, 1276. 


Definitions Relating to Thermal Insulating 
Materials, 252. 

Diatomaceous Silica Thermal Insulating Ce- 
ment, Spec, for, 1274. 

Expanded or Exfoliated Veriniculite Thermal 
Insulating Cement, Spec, for, 1271. 

Insulating Fire Brick, Test for, 1301. 

Magnesia, 85 per cent, Thermal Insulating 
Cement, Spec, for, 1264. 

Mineral Wool Thermal Insulating Cement, 
Spec, for, 1268. 

Mixing Thermal Insulating Cement, Method 
of, 246. 

Pipe Covering, Preformed, Thermal Insula- 
tion, Emergency Spec, for, 1179. 

Preformed Block Thermal Insulation, Emer- 
gency Spec, for, 1182. 

Sampling Thermal Insulating Cement, Method 
of, 246. 

Structural Board Thermal Insulation, Emer- 
gency Spec, for, 1185. 

Thickness and Density of Blanket Type 
Thermal Insulating Materials, Test for, 250. 

Thermal Shock Test. 

See also Spalling Test. 

Glass Containers, 365. 

Thermometers. 

Adjustable differential thermometer (Beck- 
mann type), Test for Heat of Hydration of 
Portland Cement, 1231. 

Thermometers, Spec, for, 1129, 1567. 

Thickness Test. 

Thermal Insulating Materials, Blanket Type, 
250. 

Thinners, Paint. 

See Paint Thinners; Solvents; Turpentine. 

Tile. 

See also Refractories. 

Drain Tile, Spec, for, 371. 

Fire Tests of Building Construction and 
Materials, 234. 

Gypsum and Gypsum Products, Testing of, 
144. 

Masonry Units, Glazed, Spec, for, 1245. 

Partition Tile or Block, Gypsum, Spec, for, 
141. 

Structural Clay Tile, 

Definitions Relating to, 200. 

Floor Tile, Spec, for, 193. 
Non-Load-Bearing, Spec, for, 190. 

Sampling and Testing, Methods of, 196. 
Wall Tile, Load-Bearing, Spec. for. 1 8?,. 
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Timber. 

See Wood. 

Timber Preservatives. 

See Creosote; Zinc Chloride. 

Time of Setting Test. 

Gypsum, by the Vicat Apparatus, 144. Ten- 
tative Revision, 1603. 

Hydraulic Cement, by the Vicat or Gillmore 
Needles, 66. 

Tinting Strength Test. 

Color Pigments, 900. 

Definitions Relating to Paint, 1551. 

White Pigments, 896. 

Titanium Pigments. 

See also Pigments. 

Chemical Analysis of White Pigments, Meth- 
ods of, 921. 

Lead Titanate, Spec, for, 834. 

Lithopone, Titanated, Spec, for, 828. Ten- 
tative Revision, 1610. 

Titanium Dioxide Pigments, Spec, for, 826. 
Titer Test. 

Thermometers, Spec, for, 1129. 

Toluene. 

Rosin, Test for Toluene Insoluble Solid Mat- 
ter in, Chiefly Sand, Chips, Dirt, and Bark, 
1025. 

Sampling and Testing of, 1053. 

Toluene (Toluol), Industrial, Pure, Spec, for, 
1041. 

Toluol Dilution Test, Spec, and Tests for 
Soluble Nitrocellulose, 1044. 

Toluidine Toner. 

Specifications for, 865. 

Total Immersion Test. 

See Immersion Test. 

Toughness Test. 

Rock, 514. 

Varnishes, Oleoresinous, 1007. 

Veneer, Plywood, and Other Wood and 
Wood-Base Materials, 1453. 

Toxic Ingredients in Paint. 

See Cuprous Oxide; Mercuric Oxide. 
Traffic Paint. 

Dry to No-Pick-Up Time, Test for, 1538. 
Light Sensitivity, Test for, 1540, 

Road Service Tests, Method of Conducting, 
1542. 

Transverse Testing. 

See Flexure Test. 

Treated Portland Cement. 

See Cement. 


Tricresyl Phosphate. 

See Cresyl Phosphate. 

Tung Oil. 

Drying Oils, Tests for, 967. 

Raw Tung Oil, Spec, for, 957. 

Thermometers, Spec, for, 1129. 

Turbidimeter. 

Chemical Ana^sis of Portland Cement for 
Sulfur Trioxide, Method of, 1214. 

Fineness of Portland Cement by Turbidimeter, 
Test for, 47. 

Turpentine, 

Distillation Thermometer, Spec, for, 1129. 

Sampling and Testing, 1501. 

• Specifications for, 963. 

u 

Ultramarine Blue. 

See also Pigments. 

Chemical Analysis of, Methods of, 934. 

Specifications for, 847. 

Umber. 

Burnt Umber, Spec, for, 1477. 

Raw Umber, Spec, for, 1476. 

Unit Weight. 

See Weight. 

V 

Varnishes. 

Abrasion Resistance bj^ .Vir Blast Abrasion 
Tester, Test for, 1105. 

Blistering of Organic Coatings on Metal When 
Subjected to Immersion or Other Tests In- 
volving Exposure to Moisture or Liquids, 
Test for Evaluating Degree of Resistance 
to, 1559. 

Changes in Protective Properties of Organic 
Coatings on Steel Surfaces When Subjected 
to Immersion, Emergency Test for, 1189, 

Daylight 45 Degree, 0 Degree Apjiarent Re- 
flectance of Paint Finishes, Test for, 1549. 

Definitions Relating to Paint, Varnish, Lac- 
quer, and Related Products, 1551. 

Lime, Hydrated, for Varnish Manufacture, 
Spec, for, 96. 

Oleoresinous Varnishes, Tests for, 1007. 

Reactivity of Paint Liquids, Test for, 1013. 

Salt Spray (Fog) Test — see Part I, Book of 
A.S.T.M. Standards, p. 1843. 

Shellac, Methods of Sampling and Analysis of, 
993, 1508. 

Shellac Varnishes, Spec. fo|, 989. 
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Glijris of Paint Finishes, Test for, 

isn. 

\\ Of Ki I or Panels in Weathering Tests of 
Varnishes, Spec, for, 1555. 

Vehicles, Paint. 

Sec Drying Oils. 

Veneer. 

i^Ielhods of Testing, 1453. 

Venetian Red. 

Hperiftcalions lor, 1480. 

Vermiculite. 

See Thermal Insulating Materials. 

Vicat .Apparatus. 

tiyisi’.ur. a.ml Ciypsum Products, Tests for, 
Ilk Tentative Revision, 1603. 

Hydraulic: Lenient, Test for Normal Con- 

Ify.lntulT L'emeiit, Test for Time of Set- 
ting, 66. 

Vinsol Re-sin. 

.\ir-F;ntra:ninL^ Portland Cement for Con- 
crete Pavements, .Spec, for, 1203. 
porth; »1 Cement, Chemical Analysis of, 1214. 
Visco.sity Test. 

See al-t) Consistency Test; Flow Test; 

Penetration Test; Softening Point Test. 
C-mverH-Jii uf Kinematic to Saybolt Furol 
Vir.nidty, Method for, 503. 

Ill hniiiiiiH Relating to Rheological Proper- 
lie.-,, 1170. 

F.inulsihed .\sphalts. .S.59. 

Ki’-.ematic \ iscndty Thermometers, Spec, 
for, 1.^67. 

Xi;rQeeilulu.^e Rase Solutions, Soluble, 1071. 
Nilroceiluhwe Clear Lacquers and Lacquer 
Knarnei-, 1068. 

.\itrocd!ulo,-=,e, Suluhle, 1044. 
tlieori^riucns.-; Varnishes, 1007. 

SaylmU. \’i.:eo,-ity Te.st, SS8. 

Sayknit \'iM;o.iity TlK‘rmomeler.s, Spec, for, 

1120 , 

Voids, Test for. 

See ai.-a) PoroSity. 

.Augregate for Concrete, 451. 

Volatile Matter Test, 

See Loss on Heat Test; Moisture. 
Volatility. 

See Distillation Test; Fire Point; Flash 
Point; Loss gn Heat Test; Moisture; 
Vapor Pressure Test. 

Volume Change Test. 

See also Shrinl*ge Test. 


Cement Mortar and Concrete, 483. 

Coal-Tar Pitch and Tar, Volume Correction 
Table, 666. 

Coal Tar, Volume Correction Tables, 811. 
Creosote, Volume Correction Tables, 811. 

Fire Brick, Insulating, Test for Permanent 
Linear Change After Heating, 315. 

Fireclay Refractories, Test Under Load at 
High Temperatures, 310. 

Lime, Hydrated, and Quicklime, 1238. 
Liquid Asphaltic Products, Volume Correction 
Table, 594. 

Refractory Brick, Test for Permanent Linear 
Change After Reheating, 308. 

Soil-Cement Mixtures, Compacted, Freezing- 
and-Thawing Test for, 647. 

Soil-Cement Mixtures, Compacted, Wetting- 
and-Drying Test, 643. 

Soils, Test for Shrinkage Factors, 636. 
Thermal Insulating Cement, Volume Change 
Upon Drying, 1276, 

Timber, Tests for Small Clear Specimens, 730. 

w 

Wagner Turbidimeter. 

Fineness of Portland Cement by Turbidimeter, 
Test for, 47. 

Wall Board. 

Gypsum, 

Definitions Relating to, 158. 

Lath, Spec, for, 137. 

Sheathing Board, Spec, for, 139. 

Tests for Gypsum Products, 144. 

Wall Board, Spec, for, 135. 

Wail Tile. 

See Tile. 

Walls. 

Fire Tests of Building Construction and Mate- 
rials, 234. 

Warpage Test. 

Refractory Brick and Tile, 324. 

Water Retention Test. 

Masonry Cement, 7, 1206. 

Water Soluble Matter. 

Barium Sulfate Pigments, Methods of Analy- 
sis of, 1484. 

Water, Test for in, 

See also Absorption Test; Moisture. 
Creosote, 805. 

Dipentene, 1517. 

Emulsified Asphalts, 559. 

Gypsum and G3Tsum Products, 144. 
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Water, Test for in, {Continusd). 

Lacquer Solvents and Diluents, 1053, 1535. 
Oleoresinous Varnishes, 1007. 

Petroleum Products and Other Bituminous 
Materials, 599. 

Refractory Materials, 1309. 

Turpentine, 1501. 

Waterproofing Materials. 

. See also Roofing. 

Abson Procedure, Modified, Test for Hot Ex- 
traction of Asphaltic Materials and Re- 
covery of Bitumen, 1386. 

Asphalt, Emulsified, Tests for, 559. 

Asphalt for, Built-Up Roof Coverings, Spec, 
for, 651. 

Asphalt for Dampproofing and Waterproofing, 
Spec, for, 1413. 

Asphalt Mastic for Waterproofing, Asphalt 
Cement, Mineral Filler, Mineral Aggregate, 
' Spec, for, 670. 

Bituminous Emulsions, Tests for Films De- 
posited from, 664. 

Bituminous Grout for Waterproofing Above 
Ground Level, Spec, for, 672. 

Bituminous Grout for Waterproofing Below 
Ground Level, Spec, for, 674. 

Bituminous Mastics, Grouts, and Like Mix- 
tures, Testing of, 691. 

Bituminous Protective Coatings, Test for 
Steam Distillation, 661. 

Coal-Tar Pitch for Roofing, Dampproofing, 
and Waterproofing, Spec, for, 654. 

Creosote for Priming Coat with Coal-Tar 
Pitch in Dampproofing and Waterproofing, 
Spec, for, 659. 

Fabrics, 

Asbestos Felts, Asphalt-Saturated, for Use 
in Waterproofing and in Constructing 
Built-Up Roofs, 1418. 

Cotton, Woven, Saturated with Bituminous 
Substances for Waterproofing, Spec, for, 
682. 

Felt, Roofing, Asphalt-Saturated, for Water- 
proofing and Built-Up Roofs, Spec, for, 
676. 

Felt, Roofing, Coal-Tar Saturated, for 
Waterproofing and Built-Up Roofs, Spec, 
for, 679. 

Felted, Saturated with Bituminous Sub- 
stances for Waterproofing and Roofing, 
Tests for, 1433. 

Woven, Saturated with Bituminous Sub- 
stances for Waterproofing and Roofing, 
Tests for, 1433. 


Paper, Waterproof, for Curing Concrete, 
Spec, for, 1349. 

Primer for Use with Asphalt in Dampproofing 
and Waterproofing, Spec, for, 657. 

Volume Correction Tables for Liquid Asphal- 
tic Products, 594. 

Weathering Test, Accelerated, of Bituminous 
Materials, Recommended Practice, 1449. 

Wax. 

Melting Point Thermometers, Spec, for, 1129. 
Shellac, Methods of Analysis, 993. 

Wear Test. 

See Abrasion Test. 

Weathering. 

See also Corrosion Test; Freezing-and* 
Thawing Test; Immersion Test; Rust- 
ing. 

Aggregates, Test for Soundness by Sodium or 
Magnesium Sulfate, 1332. 

Bituminous Materials, Recommended Prac- 
tice for Accelerated Weathering Test, 1449. 
Blistering of Organic Coatings on Metal When 
Subjected to Immersion or Other Tests 
Involving Exposure to Moisture or Liquids, 
Test for Evaluating Degree of Resistance 
to, 1559. 

Carbon Arc Accelerated Weathering Unit, 
Recommended Practice for Characteristics 
of, 1593. 

Changes in Protective Properties of Organic 
Coatings on Steel Surfaces When Sul)jected 
to Immersion, Emergency Test for, 1189. 
Concrete, Testing Preformed Expansion Joint 
Fillers for, 518. 

Definitions of Terms with Procedures Relating 
to, 1595. 

Paints, Exterior, Linseed-Oil Type, 

Chalking, Method of Evaluating Degree of 
Resistance, 1116. 

Checking, Method of Evaluating Degree of 
Resistance, 1118. 

Cracking, Method of Evaluating Degree of 
Resistance to, 1121. 

Erosion, Method of Evaluating Degree of 
Resistance to, 1124. 

Flaking (Scaling), Method of Evaluating 
Degree of Resistance to, 1563. 

Rusting, Test for Evaluating Degree of 
Resistance to, Obtained with Paint on 
Iron or Steel Surfaces, 1109. 

Salt Spray (Fog) Test — see Part I, Book of 
A.S.T.M. Standards, p. *843. 

Steel Panels, Preparation for Exposure Tests 
of Enamels for Exterior Service, 1558. 
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Traffic Paint, Test for Ligfit Sensitivity, 1540, 

Wood for Panels in Weathering Tests of Paints 
and Varnishes, Spec, for, 1555. 

Weight, 

Aggregate, Test for Unit Weight, 449. 

Concrete, Test for Weight Per Cubic Foot, 

487 . 

Structural Clay Tile, Test for Weight, 196. 

Weight Loss on Heating. 

See Loss on Heat Test; Moisture. 

White Lead Pigments. 

See also Pigments. 

Basic Carbonate White Lead, Spec, for, 822. 

Basic Sulfate White Lead, Spec, for, 824. 

Chemical Analysis of White Pigments, Meth- 
ods of, 921. 

Whiting. 

See Calcium Pigments. 

Wood. 

Definitions Relating to, 777. 

Fire-Retardant Properties of Wood, Test for, 
1259. 

Fire Tests of Building Construction and Mate- 
rials, 234. 

Methods of Testing Small Clear Specimens, 
730. 

Piles, Round Timber, Spec, for, 704. 

Static Tests of Timbers in Structural Sizes, 
761. 

Structural Wood Joist and Plank, Beams and 
Stringers, and Posts and Timbers, Spec, 
for, 711. 

Veneer, Plywood, and Other Wood and 
Wood-Base Materials, Testing of, 1453. 

Wood for Panels in Weathering Tests of Paints 
and Varnishes, Spec, for, 1555. 

Wooden Paving Blocks for Exposed Pave- 
ments, Spec, for, 708. 

Wood Fiber Content. 

Gypsum and Gypsum Products, Testing of, 

144 . 

Wood Preservatives. 

See Creosote; Zinc Chloride. 


Wood Turpentine. 

See Turpentine. 

Workability. 

See Consistency, Plasticity. 

Fireclay Plastic Refractories, Workability 
Index, Test for, 1299. 

X 

Xylene. 

Methods of Sampling and Testing, 1053. . 

Specifications for, 1043. 

Y 

Yellow Pine. 

See Wood. 

Yield of Concrete. 

Yield of Concrete, Test for, 487. 

z 

Zinc Chloride. 

Chemical Analysis of, Methods of, 814. 
Specifications for, 787. 

Zinc Pigments. 

See also Pigments. 

Chemical Analysis of, 

White Pigments, Methods of, 921. 

Zinc Dust, Metallic Zinc Powder, Methods 
of, 949. 

Zinc Yellow Pigment (Zinc Chromate Yel- 
low), Methods of, 952. 

Lithopone, Spec, for, 828. Tentative Revi- 
sion, 1610. 

Lithopone, Titanated, Spec, for, 828, Tenta- 
tive Revision, 1610. 

Reactivity of Paint Liquids, Test for, 1013. 
Zinc Dust, Metallic Zinc Powder, Spec, for, 
873. 

Zinc Oxide, Leaded, Spec, for, 820. 

Zinc Oxide, Spec, for, 818. 

Zinc Sulfide Pigments, Spec, for, 828. Ten- 
tative Revision, 1610. 

Zinc Yellow, C. P. (Zinc Chromate), Spec, 
for, 857. 
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